US 20120133864A1

12y Patent Application Publication (o) Pub. No.: US 2012/0133864 A1

a9 United States

Sasaki et al.

(43) Pub. Date: May 31, 2012

(54) LIQUID CRYSTAL DISPLAY AND METHOD
OF MANUFACTURING THE SAME
(75) Inventors: Takahiro Sasaki, Kawasaki (JP);
Kazutaka Hanaoka, Kawasaki
(JP); Tsutomu Seino, Kawasaki
(JP); Yohei Nakanishi, Kawasaki
(JP); Seiji Tanuma, Kawasaki (JP);
Kimiaki Nakamura, Kawasaki
(JP); Yuichi Inoue, Kawasaki (JP);
Masakazu Shibasaki, Kawasaki
(JP); Hideaki Tsuda, Kawasaki
(JP); Yoshio Koike, Kawasaki (JP);
Yasutoshi Tasaka, Kawasaki (JP);
Hidefumi Yoshida, Kawasaki (JP);
Kunihiro Tashiro, Kawasaki (JP)

(73) Assignee: SHARP KABUSHIKI KAISHA,
Osaka (JP)
(21) Appl. No.: 13/349,140

(22) Filed: Jan. 12, 2012

Related U.S. Application Data

(60) Division of application No. 13/241,656, filed on Sep.
23, 2011, which is a continuation of application No.
12/536,297, filed on Aug. 5, 2009, now Pat. No. 8,054,

429, whichis a continuation of application No. 11/471,
831, filed on Jun. 21, 2006, now Pat. No. 7,586,561,
which is a division of application No. 10/109,020, filed
on Mar. 28, 2002, now Pat. No. 7,113,241.

30) Foreign Application Priority Data

Aug. 31,2001  (JP) e 2001-264117

Publication Classification

(51) Int.ClL
GO2F 1/1333 (2006.01)

(52) USeCl oo 349/86
57) ABSTRACT

A liquid crystal display includes a liquid crystal sealed
between two substrates, and a polymer layer for regulating a
pretilt angle of liquid crystal molecules and/or tilt directions
at a time of driving. One of the substrates has a color filter
layer formed on a side of the one substrate. A plurality of
stripe-like electrode patterns are provided on the color filter
layer. The patterns are periodically arranged so that when
polymerizable components mixed in the liquid crystal layer
are polymerized to form the polymer layer while a voltage is
applied to the liquid crystal layer between the electrode pat-
terns and a second electrode on the other substrate, liquid
crystal molecules in the liquid crystal layer are aligned in the
extending directions of stripe-like electrode patterns.
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FIG.8

VOLTAGE ALIGNMENT STATE IN PIXEL ROUGHNESS OF
APPL ICATION PIXEL EDGE DARK LINE DISPLAY OF WHOLE
SYSTEM TO PIXEL (CENTER OF PIXEL) PANEL

COMPARAT I VE A 0 X
EXAMPLE 1-2

COMPARAT | VE X X X
EXAMPLE 1-1

EXAMPLE 1-1 0 0 0
EXAMPLE 1-2 A 0 0

FIG.9A

20V 6V



Patent Application Publication = May 31, 2012 Sheet 9 of 60 US 2012/0133864 A1

FIG.10

vg (V) AL |GNMENT STATE UNEVENNESS OF DISPLAY
(TFT UNEVENNESS)

33
26
20
13
10

x|>O[0|0|0
O[O0 |0O|>|x




US 2012/0133864 Al

May 31, 2012 Sheet 10 of 60

Patent Application Publication

00°G -00°0

00 "0L-00 "G _rll_
005100 0L ][]

00°02-00°5l Yy &'2=S

00 "§2-00 "0Z V4

00 0£-00 ‘57 B
(%) ALIAISSINSNYYL
40 JONVHO 40 3Lvy

dl1Old

G=

(wn) 1

G'¢c

=8

R
%

S,
%>

988 LOLL YO'LL 0v'6lL 8968 |g
Sy
£8el 0582 ¥
012t 6971 Ge
LYl 3 (Wwnis
861 88 Goel 059¥ |[G¢
99°G £99 Z
(224 0V’ 9 Gl
0872 6E°€ 0S¥ 826G 199 16€1 L
g S ¥y Ge 3 Ge F4 Gl I
(W

VIOl




Patent Application Publication = May 31, 2012 Sheet 11 of 60 US 2012/0133864 A1

FIG.12A

L(um) :
2 3 4 5
6.688828| 9.506524] 4.72731{ 9.938708
20.15385| 14.09063| 10.04128{ 11.3698
20.90566{ 17.20991] 13.54354] 13.53278
4658041 23.9618| 18.35827] 18.86147

S(um)

B L2 )

FIG.12B

RATE OF CHANGE OF
TRANSMISSIVITY (%)
BB 25.00-30. 00

20. 00-25. 00
Y 15. 00-20. 00
[ 10. 00-15. 00
[ ] s5.00-10.00
0. 00~ 5. 00




Patent Application Publication = May 31, 2012 Sheet 12 of 60 US 2012/0133864 A1

FIG.13A

L(gm)
2 3 4 5
25.3227| 11.93159] 10.12843| 13.82979
24.22111f 16.38251] 15.79852f 16.96941
25.30479| 19.88503] 22.22489] 1250574
31.83391]| 28.00312] 19.79204} 10.29764

S(um)

Q1| WiIN

FIG.13B
S=2  RATE OF CHANGE OF
/ N L TRANSMISSIVITY (%)

@ 25. 00-30. 00

% \\\\ \ \& S—3 20. 00-25. 00

NY 15. 00-20. 00

| [T 10. 00-15. 00

e // / O s.00-10.00

s | 0.00- 5.00
2 3 4 5 S=°

L (um)



Patent Application Publication

May 31, 2012 Sheet 13 of 60

FIG.14A

US 2012/0133864 Al

L(um)
2 3 4 5
2 /1 13.241] 12.58207] 11.32582
S(um) 3 /1 15.14858] 135312| 11.66238
4 /7 18.29747| 19.71311] 12.80216
5]/ 22.08617| 20.68077] 11.78198

FIG.14B

L (um)

RATE OF CHANGE OF
TRANSMISSIVITY (%)

fadave
$505
elel
0.

8 25. 00-30. 00
7] 20. 00-25. 00
15. 00-20. 00
MI] 10.00-15. 00
[] s5.00-10.00
0. 00~ 5. 00




Patent Application Publication = May 31, 2012 Sheet 14 of 60 US 2012/0133864 A1

FIG.15
L ] <2
i T30
226
y N34
@ ®
A 5 A T24a
d - J "J — — 24
o p p ® p
1 42 L | | |
y I 7 ] | 1 ~H
\/ AN (d/\—l /\\/ 'LI {-32
S —————— } ] =S40
- L S 42 42 L
L F~20
FIG.16
L 1«2
] 230
- Z 226
A N34
¥ ¥ N N 5 242
d J - __J J - | | 24
@ p ® ® @ @
] 44 [ | 1 | |
Y 4 l l I j])\be
S K : S SN
=S L 44 44 2
L J~20




Patent Application Publication = May 31, 2012 Sheet 15 of 60 US 2012/0133864 A1
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LIQUID CRYSTAL DISPLAY AND METHOD
OF MANUFACTURING THE SAME

[0001] This is a Divisional of application Ser. No. 13/241,
656, filed Sep. 23, 2011, which is a Continuation of applica-
tion Ser. No. 12/536,297, filed Aug. 5, 2009, which is now
U.S. Pat. No. 8,054,429, issued Nov. 8, 2011, which is a
Continuation of application Ser. No. 11/471,831, filed Jun.
21, 2006, which is now U.S. Pat. No. 7,586,561, issued Sep.
8, 2009, which is a Divisional of application Ser. No. 10/109,
020, filed Mar. 28, 2002, which is now U.S. Pat. No. 7,113,
241, issued Sep. 26, 2006.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play in which a liquid crystal layer containing a polymeriz-
able component (monomer or oligomer), which is polymer-
ized by light or heat, is sealed between substrates, and the
polymerizable component is polymerized while a voltage is
applied to the liquid crystal layer to fix a tilting direction of a
liquid crystal molecules, and a method of manufacturing the
same.

[0004] Besides, the present invention relates to a liquid
crystal display of a VA (Vertically Aligned) mode in which a
liquid crystal having a negative dielectric anisotropy is verti-
cally aligned, and a method of manufacturing the same.
[0005] 2. Description of the Related Art

[0006] A multi-domain vertical alignment mode liquid
crystal display (hereinafter abbreviated to an MVA-LCD) is
known in which a liquid crystal having a negative dielectric
anisotropy is vertically aligned and a bank (linear protrusion)
or a cut portion (slit) of an electrode is provided on the
substrate as an alignment regulating structural member. Since
the alignment regulating structural member is provided, even
if a rubbing processing is not performed to an alignment film,
liquid crystal alignment orientations at the time of voltage
application can be controlled to be plural orientations. This
MVA-LCD is superior to a conventional TN (Twisted Nem-
atic) LCD in a visual angle property.

[0007] However, the conventional MVA-LCD has a defect
that white luminance is low and a display is dark. The main
cause of this is that since an upper portion of a protrusion or
an upper portion of a slit becomes a boundary of alignment
division to generate a dark line, the transmissivity at the time
of'awhite display becomes low and the display becomes dark.
In order to improve this defect, it is sufficient if an arrange-
ment interval of the protrusions or slits is made sufficiently
wide. However, since the number of the protrusions or slits as
the alignment regulating structural members becomes small,
there arises a problem that it takes a time to fix the alignment
of LC molecule even if a predetermined voltage is applied to
the liquid crystal, and a response speed becomes low.

[0008] Inorderto solvethis problem and to obtain an MVA-
LCD which has high luminance and enables a high speed
response, a polymer fixation (macromolecule fixation) sys-
tem is effective. In the polymer fixation system, a liquid
crystal composite in which a polymerizable component of a
monomer, an oligomer, or the like (hereinafter abbreviated to
a monomer) is mixed in a liquid crystal, is sealed between
substrates. In the state where liquid crystal molecules are
tilted by applying a voltage between the substrates, mono-
mers are polymerized into polymers. By this, a liquid crystal
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layer in which the molecules are tilted (inclined) at a prede-
termined tilt direction by voltage application is obtained, and
tilting direction of the liquid crystal molecule can be fixed. A
material which is polymerized by heat or light (ultraviolet
ray) is selected as the monomer.

[0009] However, the polymer fixation system has some
problems relating to unevenness of display when an image is
displayed on a completed LCD. First, there is a problem that
unevenness of display occurs on an image display of the
completed LCD due to the alignment abnormality of liquid
crystal locally generated in driving the liquid crystal at the
time of monomer polymerization. Besides, there is also a
problem that there occurs unevenness of display due to the
abnormality of characteristics of thin film transistors (TFTs)
caused by driving of liquid crystal and polymerization pro-
cessing at the time of monomer polymerization.

[0010] FIG. 21A shows a liquid crystal driving method at
the time of forming a polymer (polymerization) in a conven-
tional MVA-LCD to which an alignment fixation processing
by the polymer fixation system is performed. FIG. 21B shows
the cause of the unevenness of display of the MVA-LCD in
which the polymer formed by the liquid crystal driving
method shown in FIG. 21 A exists in a liquid crystal layer. The
n-channel type TFTs are used in this MVA-LCD.

[0011] In general, in order to prevent a ghosting phenom-
enon, an alternating voltage is applied to a liquid crystal layer
of an LCD. Then, also in a polymerization step at a stage of
LCD manufacture, an alternating voltage is applied to the
liquid crystal layer to tilt the liquid crystal molecules, and
monomers are polymerized. For example, as shown in a graph
of FIG. 21A, a gate voltage Vg=33 V is kept applied to all gate
bus lines of a panel display region, and a TFT, which is
provided in each pixel, is kept in an on state, and then, a drain
voltage in which an alternating data voltage Vd (ac)=+7V is
superimposed on a direct-current data voltage Vd (dc)=13 V
is applied to all drain (data) bus lines. By this, Vd (dc)+Vd
(ac) is written to a pixel electrode formed in each pixel region.
On the other hand, a common electrode arranged opposite to
the pixel electrode across the liquid crystal layer is kept at a
common voltage Vc=13 V. By this, the alternating voltage of
the data voltage Vd (ac)=+7 V is applied to the liquid crystal
layer.

[0012] FIG. 21B shows the unevenness of display of the
MVA-LCD fabricated by this liquid crystal driving method.
FIG. 21B shows a display state of three pixels arranged in
order of G (Green), B (Blue) and R (Red) from the left. A dark
portion X1 and a bright portion X2 shown in a vertical ellipse
in the drawing are seen. It is understood that as stated above,
if polymer fixation is performed by the driving method shown
in the graph of FIG. 21A, the alignment of the liquid crystal in
the pixel, especially the alignment state in the vicinity of a
pixel edge fluctuates and the dark portion X1 is formed as
shown in FIG. 21B. Besides, there arises a problem that when
the whole display region of the panel in the state like this is
observed, the display is seen to be rough.

[0013] Besides, in the above liquid crystal driving method,
the gate voltage Vg is made sufficiently larger than the voltage
Vd (dc)+Vd (ac) of the drain bus line to turn on the TFT, and
then, the voltage Vd (dc)+Vd (ac) for tilting the liquid crystal
molecules is applied to the drain bus line. However, if poly-
merization is made in this driving state, a large fluctuation
occurs in threshold values of the respective TFTs provided in
the respective pixels, and there arises a defect that a desired
display can not be produced or the unevenness of display



US 2012/0133864 Al

occurs since some TEFT is not turned on in a portion on the
display region of the completed LCD.

[0014] Besides, there is a case where an alignment regulat-
ing structural member is provided to keep the liquid crystal in
a desired alignment orientation at the time of monomer poly-
merization. As the alignment regulating structural member,
there is, for example, a structure used in a subsequent embodi-
ment and shown in FIG. 4A. In this structure, linear cruciform
connection electrodes 12 and 14 dividing a rectangular pixel
into four rectangles of the same shape are formed. The con-
nection electrode 12 is formed at the substantially center
portion of the rectangular pixel and parallel with a long side,
and the connection electrode 14 is formed on a storage capaci-
tance bus line 18 crossing the substantially center portion in
the pixel.

[0015] A plurality of stripe-like electrodes 8 of a minute
electrode pattern are formed to be repeatedly extended from
the connection electrodes 12 and 14 at an angle 0f45°. A pixel
electrode is constituted by the connection electrodes 12 and
14 and the plurality of stripe-like electrodes 8. A space 10 in
a state in which a portion of an electrode is cut away is formed
between the adjacent stripe-like electrodes 8. The stripe-like
electrode 8 and the space 10 constitute an alignment regulat-
ing structural member. Incidentally, instead of the stripe-like
electrode 8 and the space 10 of FIG. 4A, a minute linear
protrusion may be naturally formed on a pixel electrode
formed on the whole surface in a pixel.

[0016] When such a minute line and space pattern is
formed, liquid crystal molecules are aligned in parallel with
the longitudinal direction of the minute pattern. By doing so,
alignment division boundary portions in the pixel can be
made as small as possible. However, there arises a problem
that T-V characteristics (transmissivity-gradation voltage
characteristics) are changed by slight fluctuation of the width
of the minute electrode pattern due to fluctuation of an expo-
sure pattern in a photolithography process, and this is seen as
the unevenness of display.

[0017] Besides, as described above, since a rubbing pro-
cessing is not performed to the alignment film in the MVA-
LCD, means for regulating the alignment orientation with
respect to liquid crystal molecules in the outside region of the
pixel electrode is not provided. Thus, as shown in FIG. 20A,
there is a case where singular points (indicated by o or *in the
drawing) of alignment vectors are generated outside the pixel
electrode at random, and the alignment is maintained as it is.
Thus, if monomers are polymerized in a state where liquid
crystal molecules 24a outside the pixel electrode or in the
vicinity of an edge of the pixel electrode are aligned in an
orientation other than a desired one, as shown in FIG. 20A, a
dark line is formed in a region connecting the adjacent sin-
gular points, and there arises a problem that the luminance is
lowered, a response time becomes long, or the unevenness of
display occurs.

SUMMARY OF THE INVENTION

[0018] An object of the present invention is to provide a
liquid crystal display in which an alignment orientation of a
liquid crystal is regulated by using a polymer fixation method
so that a wide angle of view can be obtained and a response
time at a halftone can be shortened, and a method of manu-
facturing the same.

[0019] The above object can be achieved by a method of
manufacturing a liquid crystal display having n-channel
TFTs, which comprises steps of sealing a liquid crystal layer
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containing a polymerizable component, which is polymer-
ized by light or heat, between substrates, and polymerizing
the polymerizable component while a voltage is applied to the
liquid crystal layer to regulate a pretilt angle of a liquid crystal
molecule and/or a tilt direction at a time of driving, and is
characterized in that the voltage is applied to the liquid crystal
layer under a voltage application condition 2 subsequently to
a voltage application condition 1 mentioned below, and the
polymerizable component is polymerized at a stage of the
voltage application condition 2;

[0020] voltage application condition 1: Vg>Vd (dc)=Vc,
and

[0021] wvoltage application condition 2: Ve>Vd (de),
[0022] where,

[0023] Vg: applied voltage to a gate bus line,

[0024] Vc: applied voltage to a common electrode, and
[0025] Vd(dc): applied voltage (direct-current component)

to a drain bus line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIGS. 1A and 1B are views for explaining a first
principle of a liquid crystal display and a method of manu-
facturing the same according to a first embodiment of the
present invention;

[0027] FIGS. 2A and 2B are views for explaining a second
principle of the liquid crystal display and the method of
manufacturing the same according to the first embodiment of
the present invention;

[0028] FIGS. 3A and 3B are views for explaining a third
principle of the liquid crystal display and the method of
manufacturing the same according to the first embodiment of
the present invention;

[0029] FIGS. 4A and 4B are views for explaining a fourth
principle of the liquid crystal display and the method of
manufacturing the same according to the first embodiment of
the present invention;

[0030] FIG.5isa view for explaining the fourth principle of
the liquid crystal display and the method of manufacturing the
same according to the first embodiment of the present inven-
tion;

[0031] FIG. 6is aview for explaining a fifth principle of the
liquid crystal display and the method of manufacturing the
same according to the first embodiment of the present inven-
tion;

[0032] FIGS. 7A and 7B are views for explaining a com-
parative example 1-1 of the first embodiment of the present
invention;

[0033] FIG. 8is a view showing results of alignment states
in pixels and roughness of display of LCDs obtained in
examples 1-1 and 1-2 of the first embodiment of the present
invention and comparative examples 1-1 and 1-2;

[0034] FIGS. 9A to 9F are views showing the change of
liquid crystal alignment states resulting from the level change
of a gate voltage Vg;

[0035] FIG. 10 is a view showing the relation between the
alignment state and the unevenness due to the threshold shift
of TFTs with respect to gate voltage Vg;

[0036] FIGS.11A and 11B are views showing results of a
simulation showing the rate of change of transmissivity at a
halftone display in a case where a width L. of a stripe-like
electrode 8 is formed to be shifted from a design value by
about 0.2 um in example 1-5 according to the first embodi-
ment of the present invention;
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[0037] FIGS. 12A and 12B are views showing actually
measured values of the rate of change of transmissivity at a
halftone display in a case where the width L of the stripe-like
electrode 8 is formed to be shifted from the design value by
about 0.2 um in the example 1-5 according to the first embodi-
ment of the present invention;

[0038] FIGS. 13A and 13B are views showing actually
measured values of the rate of change of transmissivity at a
halftone display in a case where the width L of the stripe-like
electrode 8 is formed to be shifted from the design value by
about 0.2 um in the example 1-5 according to the first embodi-
ment of the present invention;

[0039] FIGS. 14A and 14B are views showing actually
measured values of the rate of change of transmissivity at a
halftone display in a case where the width L of the stripe-like
electrode 8 is formed to be shifted from the design value by
about 0.2 um in the example 1-5 according to the first embodi-
ment of the present invention;

[0040] FIG. 15 is a view for explaining example 1-6 of the
liquid crystal display and the method of manufacturing the
same according to the first embodiment of the present inven-
tion;

[0041] FIG. 16 is a view for explaining example 1-7 of the
liquid crystal display and the method of manufacturing the
same according to the first embodiment of the present inven-
tion;

[0042] FIG. 17 is a view for explaining the example 1-7 of
the liquid crystal display and the method of manufacturing the
same according to the first embodiment of the present inven-
tion;

[0043] FIG. 18 is a view for explaining example 1-9 of the
liquid crystal display and the method of manufacturing the
same according to the first embodiment of the present inven-
tion;

[0044] FIGS. 19A and 19B are views for explaining the
example 1-9 of the liquid crystal display and the method of
manufacturing the same according to the first embodiment of
the present invention;

[0045] FIGS. 20A and 20B are views showing singular
points of alignment vectors;

[0046] FIGS. 21A and 21B are views showing a liquid
crystal driving method at the time of forming a polymer
(polymerization) in a conventional MVA-LCD to which an
alignment fixation processing by a polymer fixation system is
performed;

[0047] FIGS. 22A and 22B are views showing an MVA-
LCD having a half divided alignment region, wherein FIG.
22A shows a state in which one pixel 2 of the MVA-LCD is
viewed in the direction of a normal of a substrate, and FIG.
22B shows a section obtained by cutting the MVA-LCD
shown in FIG. 22A along a line parallel with a drain bus line
6;

[0048] FIG.23 is a microscopic observation view ofa pixel;
[0049] FIG. 24 is a view in which one pixel 2 of an MVA-
LCD of example 2-1 according to a second embodiment of
the present invention is viewed in the direction of a normal of
a substrate surface;

[0050] FIG. 25 is a view showing a sectional shape taken
along line D-D of FIG. 24;

[0051] FIG.26isaview showing a modified example of the
example 2-1 according to the second embodiment of the
present invention;
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[0052] FIG. 27 is a T-V diagram showing the effect of the
example 2-1 according to the second embodiment of the
present invention;

[0053] FIG. 28 is a view in which one pixel 2 of an MVA-
LCD of example 2-2 according to the second embodiment of
the present invention is viewed in the direction of a normal of
a substrate surface;

[0054] FIG. 29 is a view showing a sectional shape taken
along line E-E of FIG. 28,

[0055] FIG. 30 is aview showing a modified example of the
example 2-2 according to the second embodiment of the
present invention;

[0056] FIG. 31 is a T-V diagram showing the effect of the
example 2-2 according to the second embodiment of the
present invention;

[0057] FIG. 32 is a view in which one pixel 2 of an MVA-
LCD of example 2-3 according to the second embodiment of
the present invention is viewed in the direction of a normal of
a substrate surface;

[0058] FIG. 33 is a view showing an arrangement position
of an electric field shielding electrode 70 of the MVA-LCD
according to the second embodiment of the present invention
and its operation;

[0059] FIG. 34 is a T-V diagram showing the effect of the
example 2-3 according to the second embodiment of the
present invention;

[0060] FIG. 35 is a view in which one pixel 2 of an MVA-
LCD of example 2-4 according to the second embodiment of
the present invention is viewed in the direction of a normal of
a substrate surface;

[0061] FIG. 36 is a T-V diagram showing the effect of the
example 2-4 according to the second embodiment of the
present invention;

[0062] FIG. 37 is a view in which one pixel 2 of an MVA-
LCD of example 2-5 according to the second embodiment of
the present invention is viewed in the direction of a normal of
a substrate surface;

[0063] FIG. 38 shows a construction in which a gap 76
between a drain bus line 6 and a pixel electrode 3 is wide in the
example 2-5 according to the second embodiment of the
present invention;

[0064] FIG. 39 is a view showing that in the example 2-5
according to the second embodiment of the present invention,
the electric field shielding electrode 70 of the example 2-3 is
provided in an under layer of the gap 76;

[0065] FIG. 40 is a T-V diagram showing the effect of the
example 2-5 according to the second embodiment of the
present invention;

[0066] FIG. 41 is a view in which one pixel 2 of an MVA-
LCD of example 2-6 according to the second embodiment of
the present invention is viewed in the direction of a normal of
a substrate surface;

[0067] FIG. 42 is a view showing a section taken along line
F-F of FIG. 41,

[0068] FIG. 43 is a view showing a section taken along line
G-G of FIG. 41;

[0069] FIG. 44 is a view showing the direction of rubbing in
the example 2-6 according to the second embodiment of the
present invention;

[0070] FIG. 45 is a T-V diagram showing the effect of the
example 2-6 according to the second embodiment of the
present invention;
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[0071] FIGS. 46A to 46E are views for explaining a tilting
operation of a liquid crystal molecule 244 according to a third
embodiment of the present invention;

[0072] FIG. 47 is a view showing an example in which a
connection electrode 64 is provided at the center of a pixel in
example 3-1 of the third embodiment of the present invention;
[0073] FIG. 48 is a view showing an example in which the
connection electrode 64 is provided on the side of a gate bus
line 4 in the example 3-1 of the third embodiment of the
present invention;

[0074] FIG. 49 is a view showing a conventional MVA-
LCD;

[0075] FIG. 50 is a view showing a tilt direction and a tilt
angle Op of a liquid crystal molecule 24a;

[0076] FIG. 51 is a view showing the arrangement relation
of arrangement regions 80 according to a fourth embodiment
of the present invention;

[0077] FIG. 52 is a view showing a directional structural
member or a surface reformed region according to the fourth
embodiment of the present invention;

[0078] FIG. 53 is a view showing another example of the
directional structural member or the surface reformed region
according to the fourth embodiment of the present invention;
[0079] FIGS. 54A to 54F are views each showing still
another example of the directional structural member or the
surface reformed region according to the fourth embodiment
of the present invention;

[0080] FIG. 55 is a view showing a construction for
improving a visual angle property of an LCD according to the
fourth embodiment of the present invention;

[0081] FIG. 56 is a view showing an arrangement example
ofa structural member according to the fourth embodiment of
the present invention;

[0082] FIG. 57 is a view showing another example of the
arrangement example of the structural member according to
the fourth embodiment of the present invention;

[0083] FIG. 58 is a view showing still another example of
the arrangement example of the structural member according
to the fourth embodiment of the present invention;

[0084] FIG. 59 is a view showing a boundary structural
member according to the fourth embodiment of the present
invention;

[0085] FIG. 60 is a view showing another example of the
boundary structural member according to the fourth embodi-
ment of the present invention;

[0086] FIG. 61 is a view showing a specific shape of the
boundary structural member according to the fourth embodi-
ment of the present invention;

[0087] FIG. 62 is a view showing another specific shape of
the boundary structural member according to the fourth
embodiment of the present invention;

[0088] FIG. 63 is a view showing a state in which three
adjacent pixels 2 of an LCD according to a fifth embodiment
of the present invention are viewed in the direction of a
normal of a substrate surface;

[0089] FIG. 64 is a view showing a state in which three
adjacent pixels 2 of an LCD in an example according to the
fifth embodiment of the present invention are viewed in the
direction of a normal of a substrate surface.

[0090] FIG. 65 is a view showing a modified example of the
example according to the fifth embodiment of the present
invention;

[0091] FIG. 66 is a view showing a basic construction of an
LCD using a polymer fixation system;
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[0092] FIGS. 67A and 67B are views showing a conven-
tional system in which voltage is applied to a liquid crystal
layer 24 when monomer material is irradiated with UV and is
polymerized,

[0093] FIGS. 68A and 68B are views in which an example
according to a sixth embodiment of the present invention is
compared with a conventional example;

[0094] FIG. 69 is a view showing a liquid crystal display
according to a seventh embodiment of the present invention
and a method of manufacturing the same;

[0095] FIGS.70A and 70B are views for explaining a prob-
lem in a case where alignment regulating force is increased by
the polymer fixation system;

[0096] FIG. 71 is a view showing a driving waveform of a
liquid crystal display of example 8-1 according to an eighth
embodiment of the present invention;

[0097] FIGS. 72A and 72B are views showing a state in
which two adjacent pixels 2 are viewed in the direction of a
normal of a substrate surface in the liquid crystal display of
the example 8-1 according to the eighth embodiment of the
present invention;

[0098] FIG. 73 is a view showing a driving waveform of a
liquid crystal display of example 8-2 according to the eighth
embodiment of the present invention;

[0099] FIG. 74 is a view showing a driving waveform of a
conventional liquid crystal display as a comparative example;
[0100] FIG. 75 is a view for explaining an effect of the
eighth embodiment of the present invention;

[0101] FIG. 76 is a view showing a schematic construction
of a liquid crystal display using an alignment fixing tech-
nique;

[0102] FIG. 77 is a view for explaining a problem in a case
where a sealing agent made of a photo-curing resin is used for
a liquid crystal injection port, which is used in a conventional
dip injection method;

[0103] FIG. 78 is a view for explaining a problem in a case
of using a main seal made of a photo-curing resin used in a
conventional dropping injection method;

[0104] FIG.79is aview showing results of measurement of
a light absorption spectrum of a liquid crystal composite in
example 9-1 of a ninth embodiment of the present invention;
[0105] FIG. 80is aview showing results of measurement of
anabsorption spectrum of a resin used for a sealing agent 126;
[0106] FIG. 81is aview showing results of measurement of
a light absorption spectrum of a sealing agent in example 9-3
of the ninth embodiment of the present invention;

[0107] FIGS. 82A and 82B are views showing a light
shielding structural member 130 in example 9-4 of the ninth
embodiment of the present invention;

[0108] FIG. 83 is a view showing a light attenuation struc-
tural member 132 in example 9-5 of the ninth embodiment of
the present invention;

[0109] FIG. 84 is a view showing the rate of change of
transmissivity of a non-polymer-fixed panel and the rate of
change of transmissivity of a polymer-fixed panel by com-
parison;

[0110] FIG. 85is aview showing the relation of the attained
transmissivity and the rising time with respect to an LCD
having a liquid crystal which is not polymer fixed and an LCD
having a liquid crystal which is polymer fixed in the first
embodiment of the present invention; and

[0111] FIG. 86 is a view showing the relation of the grada-
tion and the rising time with respect to an LCD having a liquid
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crystal whichis not polymer fixed and an LCD having a liquid
crystal which is polymer fixed in the fourth embodiment of
the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

[0112] A liquid crystal display according to a first embodi-
ment of the present invention and a method of manufacturing
the same will be described with reference to FIGS. 1A to 21B.
First, a first principle of the liquid crystal display and the
method of manufacturing the same according to this embodi-
ment will be described with reference to FIGS. 1A and 1B.
FIG. 1A shows a liquid crystal driving method according to
the first principle at the time of polymer polymerization in an
MVA-LCD to which an alignment fixation processing by a
polymer fixation system is performed. FIG. 1B shows a dis-
play state of the MVA-LCD in which a polymer formed by the
liquid crystal driving method of the first principle shown in
FIG. 1A exists in a liquid crystal layer. The n-channel type
TFTs are used in this MVA-LCD.

[0113] Inapolymerization step of a manufacturing stage of
an LCD, the liquid crystal driving method according to the
first principle is based on direct-current voltage driving, and
an alternating voltage is not applied to the liquid crystal layer.
Further, a voltage sufficiently higher than that of a drain (data)
bus line is applied to a gate bus line, and a voltage of a
common electrode is made higher than the voltage of the
drain bus line (pixel electrode). By doing so, as compared
with the conventional example shown in FIGS. 21A and 21B,
there is no disturbance of a liquid crystal alignment in a pixel
and itis possible to obtain a display having no roughness even
when the whole panel is viewed.

[0114] Forexample, as shown in a graph of FIG. 1A, a gate
voltage Vg=33 V is kept applied to all gate bus lines of a panel
display region, a TFT provided for each pixel is kept turned
on, and a direct-current data voltage Vd (dc)=13 V is applied
to all drain bus lines. By this, Vd (dc) is written to a pixel
electrode formed in each pixel region. On the other hand, a
common electrode arranged opposite to the pixel electrode
across the liquid crystal layer is kept at a common voltage
Vc=20 V. By this, a direct-current voltage of -7 V with
respect to the common potential is applied to the liquid crystal
layer.

[0115] A display of the MVA-LCD fabricated by this liquid
crystal driving method is shown in FIG. 1B. FIG. 1B shows a
display state of three pixels arranged in order of G (Green), B
(Blue) and R (Red) from the left. It is understood that if
polymer fixation is performed by the driving method shown
in the graph of FIG. 1A, as shown in FIG. 1B, the fluctuation
of the liquid crystal alignment in the pixel, especially the
fluctuation of the alignment state in the vicinity of a pixel
edge disappears, and the dark portion X1 of FIG. 21B disap-
pears. By this, unevenness of display disappears, and even
when the whole display region of the panel is observed,
roughness of display is not seen.

[0116] Next, asecond principle of the liquid crystal display
and the method of manufacturing the same according to this
embodiment will be described with reference to FIGS. 2A
and 2B. FIG. 2A shows a liquid crystal driving method
according to the second principle. FIG. 2B shows a display
state of an MVA-LCD in which a polymer formed by the
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liquid crystal driving method of the second principle shownin
FIG. 2A exists in a liquid crystal layer.

[0117] In a polymerization step of monomers in the liquid
crystal layer sealed between substrates, according to a liquid
crystal driving method of the second principle, a voltage
sufficiently higher than that of a drain bus line is applied to a
gate bus line, and a voltage of a common electrode is made
higher than the voltage of the drain bus line (pixel electrode).
Thereafter, while the potential of the common electrode is
made to approach the voltage of the pixel electrode, an alter-
nating voltage is simultaneously applied to the pixel elec-
trode. The direct-current voltage is first applied to the liquid
crystal layer, and thereafter, the alternating voltage is applied.
Also in this case, as compared with the conventional example
of FIGS. 21A and 21B, there is no disturbance of a liquid
crystal alignment in a pixel, and a display without roughness
can be obtained even when the whole panel is viewed.
[0118] For example, as shown by a graph at the upper side
of FIG. 2A, a gate voltage Vg=33 V is kept applied to all gate
bus lines of a panel display region, a TFT provided in each
pixel is kept turned on, and a direct-current data voltage Vd
(dc)=13V is applied to all drain bus lines. By this, Vd (dc) is
written to the pixel electrode formed in each pixel region. On
the other hand, the common electrode arranged opposite to
the pixel electrode across the liquid crystal layer is kept at a
common voltage Vc=20 V. By this, a direct-current voltage of
-7 V with respect to the common potential is applied to the
liquid crystal layer.

[0119] Next, as shown by a graph at the lower side of FIG.
2A, the common voltage Vc is made to gradually approach
the data voltage Vd (dc)=13 V from 20 V. At the same time, an
alternating data voltage Vd (ac) is superimposed on the direct-
current data voltage Vd (dc)=13 V while its level is gradually
increased to =7 V. By this, Vd (dc)+Vd (ac) is written to the
pixel electrode formed in each pixel region. The direct-cur-
rent voltage is first applied to the liquid crystal layer, and then,
the alternating voltage is applied.

[0120] A display of the MVA-LCD fabricated by this liquid
crystal driving method is shown in FIG. 2B. FIG. 2B shows a
display state of three pixels having a similar construction to
FIG. 1B. When the polymer fixation is performed by the
driving method shown in the graph of FIG. 2A, as shown in
FIG. 2B, although a slight fluctuation occurs in an alignment
state in the vicinity of a pixel edge, a dark portion X1 of FIG.
2B is smaller than the dark portion X1 of FIG. 21B, and the
fluctuation of luminance is decreased. By this, unevenness of
display can be reduced, and roughness of display can be
reduced even when the whole display region of the panel is
observed.

[0121] Next, a third principle of the liquid crystal display
and the method of manufacturing the same according to this
embodiment will be described with reference to FIGS. 3A
and 3B. FIG. 3A shows the third principle in which another
driving method is added to the liquid crystal driving method
according to the first principle, and FIG. 3B shows the third
principle in which another driving method is added to the
liquid crystal driving method according to the second prin-
ciple.

[0122] Left graphs of FIGS. 3A and 3B respectively show
the driving methods of the first and second principles shown
in FIGS. 1A and 1B and FIGS. 2A and 2B. Subsequently to
the liquid crystal driving by these driving methods, the
applied voltage Vg to the gate bus line is gradually lowered as
indicated by an arrow in the drawing and is made to approach
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the applied voltage (data voltage Vd (dc)+Vd (ac)) to the
drain bus line (see the center and right graphs in the drawing).
By polymerizing monomers in this state, it is possible to
suppress the fluctuation of threshold values of TFTs and to
obtain a panel in which unevenness of display does not occur.
[0123] Next, a fourth principle of the liquid crystal display
and the method of manufacturing the same according to this
embodiment will be described with reference to FIGS. 4A to
5. FIG. 4A shows one pixel 2 viewed in the direction of a
normal of a substrate surface. Since FIG. 4A is already
explained in the section of describing the related art, the
explanation is omitted. F1G. 4B shows a partial section taken
along line A-A of FIG. 4A. FIG. 5 shows a partial section
taken along line B-B of FIG. 4A.

[0124] InFIGS. 4B and 5, a drain bus line 6 is formed on a
glass substrate 20 on the side of an array substrate, and an
insulating film 22 is formed thereon. A pixel electrode is
formed on the insulating film 22 by connection electrodes 12
and 14 and a plurality of stripe-like electrodes 8. An align-
ment film 32 in contact with a liquid crystal layer 24 is formed
on the pixel electrode. An opposite substrate is arranged
opposite to the glass substrate 20 across the liquid crystal
layer 24. A color filter layer 28 is formed on a glass substrate
30 on the side of the opposite substrate, and a common elec-
trode 26 is formed thereon. An alignment film 34 is formed on
the common electrode 26 and is in contact with the liquid
crystal layer 24. The thickness of the liquid crystal layer 24 is
regulated to a predetermined cell gap d. As shown in FIG. 5,
a liquid crystal molecule 24aq is aligned in parallel with an
extension direction of the stripe-like electrode 8 by alignment
regulation caused by the stripe-like electrode 8 and the space
10.

[0125] In the fourth principle, an electrode width L of the
stripe-like electrode 8 shown in FIGS. 4A and 5 is made larger
than a width S of the space 10. By doing so, the change of
transmissivity with respect to a pattern fluctuation occurring
at the time of patterning process (exposure, development,
etching) of the stripe-like electrode 8 is decreased, and the
unevenness of display can be improved.

[0126] Next, a fifth principle of the liquid crystal display
and the method of manufacturing the same according to this
embodiment will be described with reference to FIG. 6. FIG.
6 shows a construction of one pixel viewed in the direction of
a normal of a substrate surface. By changing the width of a
bus line (in this example, the width of a drain bus line) in the
extension direction, a control can be made so that occurrence
positions of singular points (indicated by o or ¢ in the draw-
ing) of alignment vectors become definite positions. That is,
the bus line is made an alignment regulating structure, and the
singular points of the alignment vectors of liquid crystal
molecules outside the pixel electrode can be formed at the
definite positions. By this, since the alignment of liquid crys-
tal outside the pixel electrode become fixed, monomers are
polymerized while occurrence of a dark line as shown in FIG.
20A is suppressed, and the luminance and the unevenness of
display can be improved.

[0127] The liquid crystal display according to this embodi-
ment using the above first to fifth principles and the method of
manufacturing the same will be specifically described using
examples and comparative examples.

Example 1-1

[0128] This example will be described using FIGS. 1A and
1B and FIGS. 4A and 4B again. In this example, an XGA
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panel (pixel pitch was 297 pm, and the number of pixels was
1024x768) having a size of 15 inches in diagonal was fabri-
cated. The pixel structure of the panel is shown in FIGS. 4A
and 4B. An n-channel TFT 16, a drain bus line 6, a gate bus
line 4, and a pixel electrode formed of connection electrodes
12 and 14 and a plurality of stripe-like electrodes 8 were
formed on an array substrate including a glass substrate 20. A
color filter layer 28 and a common electrode 26 were formed
on an opposite substrate including a glass substrate 30. A
glass substrate having a thickness of 0.7 mm was used as a
substrate material. The plurality of stripe-like electrodes 8
were formed to extend in four directions (upper right, lower
right, upper left, lower left) from the center portion of the
pixel, respectively. The electrode width of the stripe-like elec-
trode 8 was made 3 pm, and the width of the space 10 was
made 3 pum. Vertically aligned films (polyimide material)
were formed on these substrates by using a printing method,
and a heat treatment at 180° C. for 60 minutes was carried out.
These substrates were bonded to each other through a spacer
of'adiameter of 4 um, and an empty cell (a cell in a state where
liquid crystal is not injected) was fabricated. A liquid crystal
having a negative dielectric anisotropy added with a trace
amount of photopolymerization monomer was injected into
the thus obtained cell, and a liquid crystal panel was fabri-
cated. The addition amount of the photopolymerization
monomer was made 2.4 wt %.

[0129] Next, ultraviolet (UV) light was irradiated to the
liquid crystal layer 24 in a state where a voltage was applied,
and the photo-polymerizable monomer was polymerized. As
shown in FIGS. 3A and 3B as well, the driving voltage was
applied to the liquid crystal layer 24 under a voltage applica-
tion condition 2 subsequently to a voltage application condi-
tion 1 mentioned below, and light irradiation to the liquid
crystal layer 24 was performed at the stage of the voltage
application condition 2;

voltage application condition 1: Vg=33V, Vc=Vd (dc)=13 V,
and

voltage application condition 2: Vg=33V, Vc=20V, Vd (dc)
=13V.

[0130] The procedure of the voltage application will be
described more particularly. First, the gate voltage Vg was
made Vg=Vc=Vd (dc)=13 V. Next, the gate voltage Vg was
raised up to 33 V. The speed of a voltage rise was made about
1 V/sec. Next, the common voltage V¢ was raised up to 20 V.
The speed of a voltage rise was made about 1 V/sec. Espe-
cially, it is preferable that this voltage rise is a continuous
change, and if the voltage is abruptly raised, there is a case
where a disturbance of alignment occurs in a pixel. Inciden-
tally, in this example, although the common voltage V¢ was
raised up to 20V, since it is sufficient if the common voltage
Ve>the data voltage Vd (de) is satisfied, for example, the data
voltage Vd (dc) may be dropped without changing the com-
mon voltage Vc.

[0131] The amount of light irradiation for polymerization
was made about 2000 mJ/cm? (wavelength A=365 nm). There
was no disturbance in the alignment state in the pixel, and a
display having no feeling of roughness was obtained. Inci-
dentally, when the voltage is changed from the driving con-
dition 1 to the driving condition 2, if the common voltage V¢
is once made higher than a predetermined value and is
dropped, the feeling of roughness is further improved. For
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example, it is appropriate that the common voltage is raised
from Ve=13 V to Vc=23 V, and then is dropped to Vc=20V.

Comparative Example 1-1

[0132] A comparative example will be described with ref-
erence to FIGS. 7A and 7B. This comparative example is the
same as the example 1-1 except for the following require-
ments. The driving voltage was applied to the liquid crystal
layer 24 under a voltage application condition 2 subsequently
to a voltage application condition 1 mentioned below, and
light irradiation to the liquid crystal layer 24 was performed at
the stage of the voltage application condition 2;

voltage application condition 1: Vg=33 V, Vc=Vd (dc)=13 V,
and

voltage application condition 2: Vg=33 V, Vc=6 V, Vd (dc)
=13V.

[0133] Ascompared with the example 1-1, in this compara-
tive example, the magnitude relation of the common voltage
Ve and the data voltage Vd (dc) is reversed. In the case of this
comparative example, the alignment in the pixel was greatly
disturbed, and roughness was seen on the display.

Comparative Example 1-2

[0134] This comparative example will be described with
reference to FIGS. 21A and 21B. This comparative example
is the same as the example 1-1 except for the following
requirements. The driving voltage was applied to the liquid
crystal layer 24 under a voltage application condition 2 sub-
sequently to a voltage application condition 1 mentioned
below, and light irradiation to the liquid crystal layer 24 was
performed at the stage of the voltage application condition 2;
voltage application condition 1: Vg=33V, Vc=Vd (dc)=13 V,
and

voltage application condition 2: Vg=33V, Vc=13 V, Vd (dc)
=13V, Vd (ac)=7 V (rectangular wave of 30 Hz).

[0135] The alternating voltage is applied to the pixel elec-
trode, and this driving method is closest to an actual liquid
crystal driving system of an LCD. However, in this case, there
was a disturbance in the alignment in the vicinity of a pixel
edge portion and roughness was seen on the display.

Example 1-2

[0136] This example will be described with reference to
FIGS. 2A and 2B. This example is the same as the example
1-1 except for the following requirements. The driving volt-
age was applied to the liquid crystal layer 24 under a voltage
application condition 2 subsequently to a voltage application
condition 1 mentioned below, and the driving voltage was
further applied under a voltage application condition 3, and
light irradiation to the liquid crystal layer 24 was performed at
the stage of the voltage application condition 3;

voltage application condition 1: Vg=33 V, Vc=Vd (dc)=13 V,
voltage application condition 2: Vg=33 V, Vc=20V, Vd (dc)
=13V, and

voltage application condition 3: Vg=33 V, Vc=Vd (dc)=13 V,
Vd (ac)=7V (30 Hz).

[0137] After the liquid crystal driving similar to the
example 1-1, while the common voltage Vc was made to
gradually approach the value of the data voltage Vd (dc), the
amplitude of the data voltage Vd (ac) was gradually
increased. By this, in this example, although the alignment of
a pixel edge was slightly disturbed, a display without the
feeling of roughness was obtained.
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[0138] FIG. 8 shows results of alignment states in pixels
and roughness of display of LCDs obtained in the examples
1-1, 1-2 and the comparative examples 1-1 and 1-2. In the
drawing, o denotes “good”, A denotes “acceptable”, and x
denotes “inferior”.

Example 1-3

[0139] Next, this example will be described with reference
to FIG. 3A. This example is the same as the example 1-1
except for the following requirements. The driving voltage
was applied to the liquid crystal layer 24 under a voltage
application condition 2 subsequently to a voltage application
condition 1 mentioned below, and was further applied under
a voltage application condition 3, and light irradiation for
polymerization of a photo-polymerizable monomer was per-
formed to the liquid crystal layer 24 at the stage of the voltage
application condition 3;

voltage application condition 1: Vg=33V, Vc=Vd (dc)=13 V,
voltage application condition 2: Vg=33V, Vc=20V, Vd (dc)
=13V, and

voltage application condition 3: Vg=13V, Vc=20V, Vd (dc)
=13V.

[0140] That is, after the liquid crystal driving similar to the
example 1-1 was performed, the level of the gate voltage Vg
was gradually lowered and was made equal to the data voltage
Vd (dc).

[0141] By doing so, in the case where UV irradiation was
performed to the liquid crystal layer 24 by only the driving of
the example 1-1, there was a case where unevenness of dis-
play caused by the threshold fluctuation of TFTs occurred,
however, in the case where the liquid crystal driving as
described in this example was made, the unevenness of dis-
play caused by the threshold fluctuation of the TFTs was
completely eliminated, and the liquid crystal alignment in the
pixel was almost excellent.

[0142] FIGS. 9A to 9F show the change of liquid crystal
alignment states resulting from the level change of the gate
voltage Vg. FIGS. 9A to 9F show display states in which the
gate voltages Vgare 33V, 26 V,20V, 13V, 10V, and 6 V. FIG.
9A shows the same state as FIG. 1B. As shown in FIGS. 9B to
9D, the alignment state is almost stable up to the gate voltage
Vg=Vd (dc)=13V. As shown in FIGS. 9E and 9F, when the
gate voltage becomes Vg<Vd (dc), a noticeable dark line
appears in the vicinity of the gate bus line. Accordingly, if a
polymer is formed in the state of the gate voltage Vg<Vd (dc),
although the unevenness of display or the roughness caused
by the threshold shift of the TFTs does not occur, the display
luminance is lowered.

[0143] Next, FIG. 10 shows the relation between the align-
ment state and the roughness caused by the threshold shift of
the TFTs with respect to the gate voltage Vg. As shown in
FIG. 10, it can be said that in the liquid crystal panel used in
this example, the gate voltage Vg=13 to 20V is the optimum
driving condition. Especially, the gate voltage Vg=13 V has
the same value as the data voltage Vd (dc), and the potential
distribution on the array substrate on which the TFTs are
formed can be made flat. Accordingly, since the influence of
an unnecessary horizontal electric field is reduced at the pixel
electrode edge, the disturbance of alignment can not be
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occurred, and it can be said that the voltage is a preferable
liquid crystal driving condition at the time of polymerization.

Example 1-4

[0144] Next, this example will be described with reference
to FIG. 3B. This example is the same as the example 1-1
except for the following requirements. The driving voltage
was applied to the liquid crystal layer 24 under a voltage
application condition 2 and a voltage application condition 3
in this sequence subsequently to a voltage application condi-
tion 1 mentioned below, and the driving voltage was further
applied thereto under a voltage application condition 4, and
light irradiation was performed to a photo-polymerizable
monomer of the liquid crystal layer 24 at the stage of the
voltage application condition 4;

voltage application condition 1: Vg=33 V, Vc=Vd (dc)=13 V,
voltage application condition 2: Vg=33V, Vc=20V, Vd (dc)
=13V,

voltage application condition 3: Vg=33 V, Vc=Vd (dc)=13 V,
Vd (ac)=7V (30 Hz), and

voltage application condition 4: Vg=13 V, Vc=Vd (dc)=13 V,
Vd (ac)=7V (30 Hz).

[0145] That is, after the liquid crystal driving similar to the
example 1-2 was performed, the level of the gate voltage Vg
was gradually lowered and was made equal to the data voltage
Vd (dc).

[0146] By doing so, in the case where UV irradiation was
performed to the liquid crystal layer 24 by only the driving of
the example 1-1, there was a case where unevenness of dis-
play caused by the threshold fluctuation of TFTs occurred,
however, in the case where the liquid crystal driving as
described in this example was performed, the unevenness of
display caused by the threshold fluctuation of the TFTs was
completely eliminated, and the liquid crystal alignment in the
pixel was almost excellent.

Example 1-5

[0147] This example will be described with reference to
FIGS. 11A to 14B in addition to FIGS. 4A to 5. This example
is the same as the example 1-3 except for the following
requirements.

[0148] Inthisexample, the pattern width L of the stripe-like
electrode 8 shown in FIGS. 4A, 4B and 5 is made larger than
the space width S of the space 10. Specifically, the widths are
conventionally =3 pum and S=3 pm, however, in this
example, the widths are made L=4 pm and S=2 pm. FIGS.
11A to 14B show the rate of change of transmissivity at a
halftone display in the case where the width L of the stripe-
like electrode 8 is formed to be shifted from a design value by
about 0.2 pm.

[0149] FIGS. 11A and 11B show results of a simulation,
and FIGS. 12A to 14B show actually measured values
obtained from actual liquid crystal cells. FIGS. 12A and 12B
show the values of liquid crystal panels having a cell gap d=4
um, FIGS. 13A and 13B show the values of liquid crystal
panels having a cell gap d=3.5 um, and FIGS. 14A and 14B
show the values of liquid crystal panels having a cell gap
d=4.5 um. FIGS. 11A to 14A show the rate of change of
transmissivity in the case where the pattern width L (design
value) of the stripe-like electrode 8 is taken in the horizontal
direction, the space width S (design value) is taken in the
vertical direction, and the driving voltage of 3 V is applied to
the liquid crystal layer 24. In FIG. 11A, the pattern width =1
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um to 5 pum is divided at intervals of 0.5 pm, and the space
width S=1 pum to 5 pm is divided at intervals of 0.5 pm. In
FIGS. 12A to 14B, the pattern width L=2 pm to 5 pum is
divided at intervals of 1 pum, and the space width S=1 umto 5
um is divided at intervals of 1 pum.

[0150] A description will be given while the rate of change
of transmissivity at L=3 and S=3 of FIG. 11A is cited as an
example. For example, it is assumed that transmissivity is A
% in the case where a driving voltage of 3 V is applied to a
liquid crystal layer of a liquid crystal panel of, for example,
L=3 pum (design value) and S=3 um (design value). On the
other hand, it is assumed that transmissivity is B % in the case
where a driving voltage of 3 V is applied to a liquid crystal
layer of a liquid crystal panel in which the stripe-like elec-
trode 8 has the width L=2.8 pum shifted from the design value
by 0.2 um, and consequently the space 10 has the width S=3.2
um increased by 0.2 um. Besides, transmissivity is made C %
in the case where a driving voltage of 3V is applied to a liquid
crystal layer of a liquid crystal panel having [.=3.2 pm and
S=2.8 pm.

[0151] The rate of change of transmissivity at L=3 and S=3
of FIG. 11A is expressed by ((IA-BlI/A+IA-CI/A)/2)x100
(%), and in this example, it is 14.17. The same applies to the
other drawings of FIGS. 11A to 14A. FIGS. 11B to 14B show
graphs in which the horizontal axis indicates the width L of
the stripe-like electrode 8, and the vertical axis indicates the
space width S of the space 10, and the values of the respective
drawings A are plotted. As is apparent from FIGS. 11B to
14B, it is understood that in any cases, by making the pattern
width L of the stripe-like electrode 8 larger than the space
width S of the space 10, the rate of change of transmissivity
becomes small. Besides, when results of the other conditions
described here are considered together, it is understood that if
the pattern width L is made large and the space width S is
made small, the rate of change is improved.

[0152] Incidentally, FIGS. 11A to 14B show the data of the
rate of change of transmissivity in the case where polymer
fixed liquid crystal is not used.

[0153] From the experimental results, it is understood that
even in the liquid crystal panels using the same minute pattern
electrodes, the tendency of the rate of change of transmissiv-
ity with respect to the pattern change is slightly different
between the LCD using the polymer fixed liquid crystal and
the LCD not using the polymer fixed liquid crystal.

[0154] FIG. 84 shows the rate of change of transmissivity of
the non-polymer-fixed panel and the rate of change of trans-
missivity of the polymer-fixed panel by comparison. FIG. 84
shows the rate of change of transmissivity of the non-poly-
mer-fixed panel, and its left column shows respective graphs
in the case where the applied voltage is 2.5V,3V,and 10V in
order from the above. Besides, correspondingly to the left
column, the right column shows graphs concerning the rate of
change of transmissivity of the polymer-fixed panel (poly-
merization voltage=10V), in the case where the applied volt-
ageis 2.5V, 3V, and 10V in order from the above.

[0155] Asis apparent from FIG. 84, the values of the space
width S at which the rate of change becomes minimum at a
halftone display are different from each other. In the case
where the polymer fixed liquid crystal is not used, as the space
width S becomes small, the rate of change becomes small,
however, in the case where the polymer fixed liquid crystal is
used, the rate of change in the vicinity of the space width
S=3.25 um is minimum, and it is preferable that the space
width S is S=2.5 pm or more.
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[0156] Itis conceivable that the cause is that the alignment
state obtained by voltage application (here, application of 10
V) at the time of polymerization of monomer material exerts
an influence upon the alignment state after the polymeriza-
tion. The last line of FIG. 84 shows graphs of the rate of
change of transmissivity at the time of application of 10 V.
Contrary to the tendency at the halftone, when the pattern
width L is large and the space width S is small, the rate of
change is large. It is conceivable that since monomers are
polymerized in this state, the influence of the alignment state
at the time of polymerization appears on the display at the
halftone or the like after the polymerization.

[0157] Incidentally, at the time of the halftone display, the
tendency that the rate of change becomes large when the
space width S is larger than the pattern width L is common to
both. Besides, as typified by the case where the minute elec-
trode pattern as described above is used, in the mode where
the alignment state at the time of driving is unstable if it
remains unchanged, speeding-up by polymer fixation is fur-
ther effective. FIG. 85 shows, in the mode including the
stripe-like electrode as mentioned above, the relation
between the attained transmissivity and the rising time in an
LCD including a polymer unfixed liquid crystal and an LCD
including a polymer fixed liquid crystal. As shown in FIG. 85,
in the case where polymer fixation is not performed, the
alignment of liquid crystal at the time of voltage application is
greatly disturbed, and consequently, the response is very
slow. However, since the alignment of the liquid crystal is
determined by performing the polymer fixation, a great
improvement of the response is realized.

Example 1-6

[0158] This example will be described with reference to
FIG. 15. This example is the same as the example 1-5 except
for the following requirements. A liquid crystal panel shown
in FIG. 15 includes a pixel electrode 40 having a shape dif-
ferent from the pixel electrode shown in FIGS. 4A, 4B and 5.
In the pixel electrode 40, an electrode cut region (space 10) is
not formed in a pixel region. Instead thereof, linear protru-
sions 42 each made of a dielectric are formed on the pixel
electrode 40 correspondingly to the spaces 10 shown in FIGS.
4A and 4B. A vertical alignment film 32 is formed on the pixel
electrode 40 and the linear protrusions 42.

[0159] A width S ofthelinear protrusion 42 is made smaller
than an electrode exposure width L between the adjacent
linear protrusions 42. Specifically, the widths are convention-
ally L=3 pm and S=3 pm, whereas the widths are L=4 pum and
S=2 pm in this example. Since the space 10 shown in FIGS.
4A and 4B and the linear protrusion 42 have almost equiva-
lent alignment regulating effects, also in this example, the rate
of change of transmissivity can be made small through the
same effect as the example 1-5. Incidentally, photosensitive
acryl resin was used as the dielectric material, and the height
H of the linear protrusion 42 was made about 0.3 pm.

Example 1-7

[0160] This example will be described with reference to
FIGS.16 and 17. This example is the same as the example 1-5
except for the following requirements. A liquid crystal panel
shown in FIG. 16 includes a pixel electrode 46 having a shape
different from the pixel electrode shown in FIGS. 4A, 4B and
15. In the pixel electrode 46, an electrode cut region (space
10) is not formed in a pixel region. Instead thereof, linear

May 31, 2012

protrusions 44 each made of a dielectric are formed at a lower
layer of the pixel electrode 46 correspondingly to the spaces
10 shown in FIGS. 4A and 4B. Accordingly, the pixel elec-
trode 46 has an electrode structure including a conductive
protrusion. A vertical alignment film 32 is formed on the pixel
electrode 46.

[0161] A width of the conductive protrusion was made L, a
width of a conductive groove between the adjacent conduc-
tive protrusions was made S, and the case of L=3 pm and S=3
um and the case of L=4 um and S=2 um were compared with
the simulation example in the case of the combination of the
stripe-like electrode 8 and the space 10 shown in FIGS. 11A
and 11B of the example 1-5. FIG. 17 shows comparison
results. As shown in FIG. 17, it is understood that the change
of transmissivity in the electrode structure of the conductive
protrusion is remarkably small, and the structure is such that
roughness caused by the fluctuation of the pattern is hard to
produce.

Example 1-8

[0162] This example will be described using FIG. 6 again.
This example is the same as the example 1-5 except for the
following requirements. As shown in FIG. 6, the width of a
drain bus line 6 was continuously changed. The width was
made thin in the vicinity of an intersection of the drain bus line
6 and a gate bus line 4, and was made thick in the vicinity of
the center between the gate bus lines 4. The width of the thin
portion was made 3 pum, and the width of the thick portion was
made 15 um. Since the directionality of the liquid crystal
alignment on the drain bus line 6 becomes stable, the lumi-
nance and the unevenness of display can be improved.

Example 1-9

[0163] This example will be described with reference to
FIGS. 18 to 19B. This example is the same as the example 1-5
except for the following requirements. FIG. 18 shows a dis-
play state in the case where liquid crystal molecules 24a in a
pixel are ideally aligned in the pixel including the pixel elec-
trode of the combination of the stripe-like electrodes 8 and the
spaces 10 shown in FIGS. 4A and 4B. As shown in FIG. 18,
dark lines X1 appear on a gate bus line 4, a drain bus line 6,
connection electrodes 12 and 14, and a storage capacitance
bus line 18, and further, the dark line X1 also appears at the
peripheral portion of the pixel electrode constituted by the
stripe-like electrodes 8 and the spaces 10.

[0164] InFIG. 18, a “o” mark 52 denotes a singular point
(-1) of an alignment vector, and a “*” mark 50 denotes a
singular point (+1) of an alignment vector. Incidentally, in the
state shown in the drawing, two polarizing plates bonded to
both surfaces of the liquid crystal panel are arranged in
crossed Nicols, the directions of the polarization axes of those
are directions shown by cruciform arrows of FIG. 18, and are
tilted by 45° with respect to the main alignment orientation of
the liquid crystal molecule on the display region.

[0165] On the other hand, in the construction of this
example shown in FIGS. 19A and 19B, an insulating layer 56
thicker than a conventional one was formed. FIG. 19A shows
a state viewed in the direction of a normal of a substrate
surface, and FIG. 19B shows a section on the side of an array
substrate taken along line C-C of FIG. 19A. As shown in
FIGS.19A and 19B, the stripe-like electrodes 8 are formed on
the insulating layer 56, and the ends are formed to partially
overlap with the drain bus line 6 when viewed in the direction
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of the normal of the substrate surface. Photosensitive acryl
resin was used as the material of the insulating layer 56, and
the film thickness was made 3 pm.

[0166] Incidentally, a color filter layer may be formed on
the side of the array substrate (CF on TFT structure), and the
color filter layer may be used instead of the insulating layer
56. Besides, as shown in FIG. 19B, a thick insulating layer
may be naturally formed by stacking a color filter layer 54 and
the insulating layer 56 (in this case, the substrate may be
flattened by the insulating layer 56). By adopting the con-
struction of this example, the influence of an oblique electric
field from the drain bus line 6 to the liquid crystal layer 24
becomes weak, and the liquid crystal molecules 24a are
aligned by receiving only the influence of the stripe-like elec-
trodes 8 and the spaces 10. By this, each of the dark lines X1
on the gate bus line 4 and the drain bus line 6 unites with each
of the dark lines X1 of the peripheral portion of the pixel
electrode constituted by the stripe-like electrodes 8 and the
spaces 10 to form only one dark line. Thus, the luminance can
be improved by the decrease in the number of the dark lines
X1.

[0167] As described above, according to this embodiment,
the display characteristics of the liquid crystal display can be
greatly improved in which monomers that are polymerized by
heat or light are polymerized and the pretilt angle of the liquid
crystal molecule and/or the tilt direction at the time of voltage
application is regulated.

[0168] The present invention is not limited to the above-
described embodiments, and various modifications may be
made. For example, the above embodiments relates to the
LCD having n-channel TFTs, however, the invention is obvi-
ously applicable to the LCD having p-channel TFTs.

[0169] Therefore, the above object can be achieved by a
method of manufacturing a liquid crystal display having
p-channel TFTs, comprising the steps of sealing a liquid
crystal layer containing a polymerizable component, which is
polymerized by light or heat, between substrates, and poly-
merizing the polymerizable component while a voltage is
applied to the liquid crystal layer, to regulate a pretilt angle of
a liquid crystal molecule and/or a tilt direction at a time of
driving, wherein the voltage is applied to the liquid crystal
layer under a voltage application condition 2 subsequently to
a voltage application condition 1 mentioned below, and the
polymerizable component is polymerized at a stage of the
voltage application condition 2;

[0170] the voltage application condition 1: Vg<Vd (dc)
=Vc,

[0171] and the voltage application condition 2: Ve<Vd
(do),

[0172] where,

[0173] Vg: applied voltage to a gate bus line,

[0174] Vc: applied voltage to a common electrode, and
[0175] Vd(dc): applied voltage (direct-current component)

to a drain bus line.

[0176] Also, the above object can be achieved by a method
of manufacturing a liquid crystal display having p-channel
TFTs, comprising the steps of sealing a liquid crystal layer
containing a polymerizable component, which is polymer-
ized by light or heat, between substrates, and polymerizing
the polymerizable component while a voltage is applied to the
liquid crystal layer, to regulate a pretilt angle of a liquid
crystal molecule and/or a tilt direction at a time of driving,
wherein the voltage is applied to the liquid crystal layer under
a voltage application condition 2 subsequently to a voltage
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application condition 1 mentioned below, and further, the
voltage is applied to the liquid crystal layer under a voltage
application condition 3, and the polymerizable component is
polymerized at a stage of the voltage application condition 3;
[0177] the voltage application condition 1: Vg<Vd (dc)
=Ve¢, Vd (ac)=0,

[0178] the voltage application condition 2: Ve<Vd (dc),
and
[0179] the voltage application condition 3: while Vc is

made to approach Vd (dc), Vd (ac) is gradually made higher
than 0,

[0180] where,

[0181] Vg: applied voltage to a gate bus line,

[0182] Vec: applied voltage to a common electrode,

[0183] Vd(dc): applied voltage (direct-current component)

to a drain bus line, and

[0184] Vd (ac): applied voltage (alternating component) to
the drain bus line.

[0185] Also, the above object can be achieved by a method
of manufacturing a liquid crystal display having p-channel
TFTs, comprising the steps of sealing a liquid crystal layer
containing a polymerizable component, which is polymer-
ized by light or heat, between substrates, and polymerizing
the polymerizable component while a voltage is applied to the
liquid crystal layer, to regulate a pretilt angle of a liquid
crystal molecule and/or a tilt direction at a time of driving,
wherein the voltage is applied to the liquid crystal layer under
a voltage application condition 2 subsequently to a voltage
application condition 1 mentioned below, and further, the
voltage is applied to the liquid crystal layer under a voltage
application condition 3, and the polymerizable component is
polymerized at a stage of the voltage application condition 3;

[0186] the voltage application condition 1: Vg<Vd (dc)
=Vc,

[0187] the voltage application condition 2: Ve<Vd (dc),
and

[0188] the voltage application condition 3: Vg is increased
and is made to approach Vd (dc),

[0189] where,

[0190] Vg: applied voltage to a gate bus line,

[0191] Vec: applied voltage to a common electrode, and
[0192] Vd(dc): applied voltage (direct-current component)

to a drain bus line.

[0193] Also, the above object can be achieved by a method
of manufacturing a liquid crystal display having p-channel
TFTs, comprising the steps of sealing a liquid crystal layer
containing a polymerizable component, which is polymer-
ized by light or heat, between substrates, and polymerizing
the polymerizable component while a voltage is applied to the
liquid crystal layer, to regulate a pretilt angle of a liquid
crystal molecule and/or a tilt direction at a time of driving,
wherein the voltage is applied to the liquid crystal layer under
a voltage application condition 2 subsequently to a voltage
application condition 1 mentioned below, and next, the volt-
age is applied to the liquid crystal layer under a voltage
application condition 3, and further, the voltage is applied to
the liquid crystal layer under a voltage application condition
4,and the polymerizable component is polymerized at a stage
of the voltage application condition 4;

[0194] the voltage application condition 1: Vg<Vd (dc)
=Vc¢, Vd (ac)=0,

[0195] the voltage application condition 2: Ve<Vd (dc),
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[0196] the voltage application condition 3: while Vc is
made to approach Vd (dc), Vd (ac) is gradually made higher
than 0, and

[0197] the voltage application condition 4: Vg is increased
and is made to approach Vd (dc),

[0198] where,

[0199] Vg: applied voltage to a gate bus line,

[0200] Vec: applied voltage to a common electrode,

[0201] Vd(dc): applied voltage (direct-current component)
to a drain bus line, and

[0202] Vd (ac): applied voltage (alternating component) to
the drain bus line.

[0203] Inthe method of manufacturing a liquid crystal dis-
play having p-channel TFTs described above, when the
applied voltage Vg to the gate bus line is decreased and is
made to approach the applied voltage (direct current compo-
nent) Vd (dc) to the drain bus line, the applied voltage Vg is
made equal to the applied voltage Vd (dc).

[0204] Inthe method of manufacturing a liquid crystal dis-
play having p-channel TFTs described above, at a time of
voltage application of Ve<Vd (dc), a value of Ve-Vd (de) is
once made lower than a desired voltage, and then, the voltage
is upped to the desired voltage.

[0205] Inthe method of manufacturing a liquid crystal dis-
play having p-channel TFTs described above, the applied
voltage Vg to the gate bus line is a direct-current voltage.

Second Embodiment

[0206] Next, a liquid crystal display according to a second
embodiment of the present invention and a method of manu-
facturing the same will be described with reference to FIGS.
22Ato 45. The TN mode which was conventionally the main
current of an active matrix type LCD has a defect that an angle
of'view is narrow. Then, at present, techniques called an MVA
mode and an IPS mode (In-Plane-Switching mode) are
adopted for an LCD of a wide angle of view.

[0207] In the IPS mode, a liquid crystal molecule is
switched by a comb electrode in a horizontal plane, however,
since the comb electrode remarkably lowers the opening ratio
of a pixel, a backlight of high optical intensity becomes nec-
essary. In the MVA mode, liquid crystal is aligned vertically
to the substrate, and the alignment of a liquid crystal molecule
is regulated by a protrusion or a slit provided in a transparent
electrode (ITO).

[0208] Although a drop in the substantial opening ratio of a
pixel by the protrusion or the slit in the MVA mode is not more
than that by the comb electrode, as compared with the TN
mode, the light transmissivity of a liquid crystal panel is low.
Thus, in the present circumstances, the MVA-LCD is not
adopted for a book-size personal computer which requires a
low power consumption.

[0209] Inthe present MVA-LCD, forrealizing a wide angle
of'view, the linear protrusions or the slits obtained by linearly
cutting away part of a pixel electrode are complicatedly
arranged in a pixel so that the liquid crystal molecules fall
down in four directions at the time of voltage application.
Thus, the light transmissivity of the pixel becomes low. A
description will be given of a case where in order to improve
this, as shown in FIGS. 22A and 22B, straight linear protru-
sions are simply arranged at wide intervals in parallel with
each other.

[0210] FIGS. 22A and 22B show an MVA-LCD including
half divided alignment regions. FIG. 22A shows a state in
which one pixel 2 of the MVA-LCD is viewed in the direction
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of a normal of a substrate surface. FIG. 22B shows a section
taken along a line parallel with a drain bus line 6 of the
MVA-LCD shown in FIG. 22A. Incidentally, in the subse-
quent description of the embodiment, a structural element
having the same operation and function as a structural ele-
ment explained before is designated by the same symbol and
its explanation is omitted. FIG. 22A shows three pixels 2
continuously connected to one gate bus line 4. As shown in
FIGS. 22A and 22B, two linear protrusions 68 extending in
parallel with the gate bus line 4 are formed in the vicinity of
both end portions of a pixel electrode 3 on the side of the gate
bus line 4. Besides, on a common electrode on the side of an
opposite substrate, a linear protrusion 66 extending in parallel
with the gate bus line 4 is formed at a position including the
center of the pixel. Incidentally, on the side of the array
substrate, an insulating film (gate insulating film) 23 is
formed on a glass substrate 20 and the gate bus line 4, and an
insulating film 22 is formed thereon.

[0211] By this construction, when a voltage is applied
between a pixel electrode 3 and a common electrode 26 and
an electric field distribution in a liquid crystal layer 24 is
changed, liquid crystal molecules 24a having a negative
dielectric anisotropy are tilted in two directions. That is, the
liquid crystal molecules 24a are tilted toward the linear pro-
trusion 66 on the side of the opposite substrate from the linear
protrusions 68 of both ends of the pixel 2 on the side of the
gate bus line 4. By this, an upper and lower half divided
multiple domain is formed. In the MVA mode, the tilt direc-
tion is regulated in order from the liquid crystal molecules
24a in the vicinity of the linear protrusions 66 and 68 (or in the
vicinity of the slit) by the electric field generated by the linear
protrusions (or slits). Accordingly, as shown in FIGS. 22A
and 22B, if the interval between the linear protrusions (or
slits) is very wide, it takes a time to propagate the tilt of the
liquid crystal molecule 24a, so that the response of the panel
when voltage is applied becomes very slow.

[0212] Then, the polymer fixation system has been adopted
which uses the liquid crystal layer 24 containing a polymer-
izable monomer instead of'a conventional liquid crystal mate-
rial. In the polymer fixation system, monomers are polymer-
ized into polymers in the state where a voltage is applied to the
liquid crystal layer 24, so that the direction of the tilt of the
liquid crystal molecule 24a is memorized in the polymer.
[0213] However, even if the voltage is applied to the liquid
crystal layer 24 in the construction of FIGS. 22A and 22B, the
liquid crystal molecule 24a in the vicinity of the drain bus line
6 falls down in the direction different from an intended tilt
direction by 90° by the electric field generated at the end
portion of the pixel electrode 3 in the vicinity of the drain bus
line 6. Thus, even if the polymer fixation system is used, as in
a microscopic observation view of FIG. 23, a large dark
portion X1 is seen along the drain bus line 6 in each of the
display pixels 2.

[0214] Then, in this embodiment, a pixel electrode 3 on the
side of an array substrate in which a TFT 16 is provided is
made a stripe-like electrode of a line and space pattern. As an
example, FIG. 24 shows an example in which the one pixel 2
of'the MVA-LCD according to this embodiment is viewed in
the direction of the normal of the substrate surface. As shown
in FIG. 24, the pixel electrode 3 includes the stripe-like elec-
trodes 8 and the spaces 10 in which the line and space pattern
is formed in parallel with the drain bus line 6.

[0215] In general, an alignment regulating force by an
alignment film is exerted on only the liquid crystal molecule
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24a in contact with the alignment film, and is not exerted on
the liquid crystal molecule at the center portion in the cell gap
direction. Thus, the liquid crystal molecule 24a of the center
portion in the cell gap direction greatly receives the influence
of the electric field generated at the end portion of the pixel
and the alignment orientation is disturbed. When the pixel
electrode 3 including the stripe-like electrodes 8 and the
spaces 10 parallel with the drain bus line 6 is adopted, the
liquid crystal molecules 24a fall down in parallel with the
stripe-like electrodes 8 and the spaces 10. Besides, since the
tilt directions of all the liquid crystal molecules 24a are deter-
mined by the stripe-like electrodes 8 and the spaces 10, the
influence of the electric field generated at the end portion of
the pixel can be suppressed to a minimum.

[0216] A liquid crystal display according to this embodi-
ment and a method of manufacturing the same will be spe-
cifically described below using examples. First, conditions
common to all examples are listed below;

orientation film: vertical orientation film;

liquid crystal: having a negative dielectric anisotropy;
polarizing plate: arranged at both sides of a liquid crystal
panel in crossed Nicols and realizing a normally-black mode;
polarization axis of polarizing plate: direction of 45° with
respect to a bus line;

liquid crystal panel: 15 inches in diagonal; and

[0217] resolution: XGA.
Example 2-1
[0218] This example will be described with reference to

FIGS. 24 to 27. FIG. 24 shows a state in which one pixel 2 of
an MVA-LCD according to this example is viewed in the
direction of a normal of a substrate surface, and FIG. 25
shows a sectional shape taken along line D-D of FIG. 24. As
shown in FIG. 24, a pixel electrode 3 includes stripe-like
electrodes 8 and spaces 10 in which a line and space pattern is
formed in parallel with a drain bus line 6. The respective
stripe-like electrodes 8 are electrically connected to each
other by a connection electrode 64 formed at the substantially
center portion of the pixel 2 and in parallel with a gate bus line
4.Besides, part of the stripe-like electrodes 8 are connected to
a source electrode 62 arranged opposite to a drain electrode
60 of a TFT 16.

[0219] As shown in FIG. 25, a linear protrusion 66 extend-
ing in parallel with the gate bus line 4 is formed on the side of
an opposite substrate at a position opposite to the connection
electrode 64 of the center portion of the pixel region. The
alignment regulating direction of the liquid crystal molecule
24a can be more remarkably determined by the linear protru-
sion 66.

[0220] Instead of providing the linear protrusion 66 on the
side of the opposite substrate, a rubbing processing may be
naturally performed to the alignment film on the side of the
array substrate or on the side of the opposite substrate. In this
case, as indicated by arrows shown in FIG. 25, the rubbing
processing on the side of the array substrate is performed
toward the connection electrode 64 in both regions B and C
shown in FIG. 24. The rubbing processing on the side of the
opposite substrate is performed in the direction of going away
from the connection electrode 64. Besides, it is also possible
to use optical alignment.

[0221] Incidentally, there is a case where an alignment dis-
turbance occurs such that the tilt direction of a liquid crystal
molecule 245 in a region A surrounded by a broken line in the
vicinity of a TFT 16 shown in FIG. 24 becomes reverse to that
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of the liquid crystal molecule 24a of a region B as shown in
FIG. 25. By this alignment disturbance, a dark portion is
formed in the region A at the time of voltage application to the
liquid crystal layer 24. FIG. 26 shows a modified example for
improving this. In this modified example, as shown in FIG.
26, two linear protrusions 68 extending in parallel with a gate
bus line 4 are formed in the vicinity of both end portions of a
pixel electrode 3 on the side of the gate bus line 4. When the
linear protrusion 68 is provided over the gate bus line and
between the gate bus line 4 and the pixel electrode 3, the
direction in which the liquid crystal molecule 245 of the
region A falls down can be made the same direction as the
liquid crystal molecule 24a of the region B.

[0222] The construction of the modified example of FIG.
26 was used, and in the state where the liquid crystal molecule
24a in the pixel 2 was tilted in a predetermined direction by
applying a voltage to the liquid crystal layer 24, light was
irradiated to the liquid crystal added with a photo-polymer-
izable monomer to polymerize the monomer, and the fixation
of the pretilt angle and/or the alignment orientation of the
liquid crystal molecule 24a was realized. When a display was
effected on the completed MVA-LCD and the display region
was observed, light was transmitted through the whole pixel
portion, and in a T-V characteristic diagram of FIG. 27, as
indicated by a curved line of a solid line, the transmissivity
could be improved as compared with a conventional LCD
indicated by a broken line.

Example 2-2

[0223] This example will be described with reference to
FIGS. 28 to 31. FIG. 28 shows a state in which one pixel 2 of
an MVA-LCD according to this example is viewed in the
direction of a normal of a substrate surface, and FIG. 29
shows a sectional shape taken along line E-E of FIG. 28. As
shown in FIG. 28, a pixel electrode 3 includes stripe-like
electrodes 8 and spaces 10 in which a line and space pattern is
formed in parallel with a drain bus line 6. The respective
stripe-like electrodes 8 are electrically connected to each
other by two connection electrodes 64 formed in parallel with
a gate bus line 4 at upper and lower ends of a pixel 2. Besides,
the connection electrode 64 at the upper portion in the draw-
ing is connected to a source electrode 62 of a TFT 16.
[0224] As shown in FIG. 29, a linear protrusion 68 extend-
ing in parallel with the gate bus line 4 is formed on the pixel
electrode 3 at the center portion of a pixel region. The align-
ment orientations in regions A and B are made the same by the
linear protrusion 68, whereas the alignment orientation of a
region C can be made opposite to that of the regions A and B.
The liquid crystal alignment orientations in the regions B and
C of this example become reverse to the liquid crystal align-
ment orientations of the regions B and C in the example 2-1.
[0225] Instead of providing the linear protrusion 68 on the
pixel electrode 3, a rubbing processing may be naturally
performed to an alignment film on the side of an array sub-
strate or on the side of an opposite substrate. In this case, as
indicated by arrows shown in FIG. 29, on the side of the array
substrate, rubbing is performed toward the outside connec-
tion electrodes 64 in both the regions B and C shown in FIG.
28. On the side of the opposite substrate, rubbing is performed
from the connection electrodes 64 to the center portion of the
pixel. Besides, optical alignment can also be used.

[0226] Incidentally, there is a case where an alignment dis-
turbance as shown in FIG. 29 occurs in a liquid crystal mol-
ecule 245 of regions D surrounded by broken lines in the
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vicinity of the two connection electrodes 64 shown in FIG.
28. By this alignment disturbance, a dark portion is formed in
the region D at the time of voltage application to a liquid
crystal layer 24. FIG. 30 shows a modified example for
improving this. In this modified example, as shown in FIG.
30, two linear protrusions 66 extending in parallel with a gate
bus line 4 are formed on the side of an opposite substrate at
positions opposite to connection electrodes 64 in the vicinity
of both end portions of a pixel electrode 3 on the side of the
gate bus line 4. When the linear protrusion 66 is disposed
between the gate bus line 4 and the pixel electrode 3 when
viewed in the direction of a normal of a substrate surface, the
direction in which the liquid crystal molecule 245 of the
region D falls down can be made the same direction as the
liquid crystal molecule 24a of the region B or the region C.
[0227] The construction of the modified example of FIG.
30 was used, and in the state where the liquid crystal molecule
24a in the pixel 2 was tilted in a predetermined direction by
applying a voltage to the liquid crystal layer 24, light was
irradiated to the liquid crystal added with a photo-polymer-
izable monomer to polymerize the monomer, and the fixation
of the pretilt angle and/or the alignment orientation of the
liquid crystal molecule 24a was realized. When a display was
effected on the completed MVA-LCD and the display region
was observed, light was transmitted through the whole pixel
portion, and in a T-V characteristic diagram of FIG. 31, as
indicated by a curved line of a thick solid line, the transmis-
sivity could be improved as compared with a conventional
LCD indicated by a thin solid line.

Example 2-3

[0228] This example will be described with reference to
FIGS. 32 to 34. FIG. 32 shows a state in which two adjacent
pixels 2 of an MVA-LCD according to this example are
viewed in the direction of a normal of a substrate surface. The
structure of a pixel electrode 3 according to this example is the
same as the example 2-1. This example is characterized in that
an electric field shielding electrode 70 is provided which
decreases a horizontal electric field generated between a
stripe-like electrode 8 on the side of a drain bus line 6 of the
pixel electrode 3 and the drain bus line 6. As shown in a
sectional view of FIG. 33, the electric field shielding elec-
trode 70 is formed below a region between the stripe-like
electrode 8 at the end portion of the drain bus line 6 of the
pixel electrode 3 and the drain bus line 6 and by using gate
formation metal at the same time as the gate bus line 4.
[0229] FIG. 33 is a view showing the arrangement position
of the electric field shielding electrode 70 and the operation.
A voltage is applied to the pixel electrode 3 and the electric
field shielding electrode 70, and as shown in FIG. 33, equi-
potential lines almost parallel with the substrate surface are
generated in the array substrate. By doing so, as shown in an
ellipse 72 of a broken line in FIG. 33, it is possible to prevent
the generation of the horizontal electric field in the region
between the stripe-like electrode 8 at the end portion of the
drain bus line 6 and the drain bus line 6. The equipotential
lines and liquid crystal directors are shown in FIG. 33, and it
is understood that the equipotential lines are almost parallel
with the substrate surface in the ellipse 72, and the directors
are almost perpendicular to the substrate surface.

[0230] Monomers in the liquid crystal layer 24 are poly-
merized in this state. After the monomers are polymerized,
the electric field shielding electrode 70 is electrically con-
nected to a common electrode 26 and is used as a storage
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capacitance electrode. Since the direction in which the liquid
crystal molecules 24a falls down is determined by the poly-
merized polymer, it hardly receives the influence of the elec-
tric field generated at the end of the pixel. When a display was
effected on the completed MVA-LCD and the display region
was observed, light was transmitted through the whole pixel
portion, and in a T-V characteristic diagram of FIG. 34, as
indicated by a curved line of a thick solid line, the transmis-
sivity could be improved as compared with a conventional
LCD indicated by a thin solid line.

Example 2-4

[0231] This example will be described with reference to
FIGS. 35 and 36. FIG. 35 shows a state in which one pixel 2
of'an MVA-LCD according to this example is viewed in the
direction of a normal of a substrate surface. The construction
of'a pixel electrode 3 according to this example is the same as
the example 2-1.

[0232] This example is characterized in that an alignment
orientation on an alignment film on a region 74 indicated by
a broken line at an end portion of the pixel electrode 3 in the
vicinity of a drain bus line 6 is made to have a direction
different from that at the center portion of the pixel. As shown
in FIG. 35, liquid crystal molecules 24a are tilted downward
on the paper plane (downward thick arrow) in a pixel region
above the center portion of the pixel in the drawing, and are
tilted upward on the paper plane (upward thick arrow) in a
lower pixel region. On the other hand, in the region 74, an
alignment processing is performed so that an alignment ori-
entation (thin arrow) is inclined at approximately 45° with
respect to the extension direction of the adjacent drain bus
line 6. In this example, ultraviolet light was irradiated to
perform an alignment processing.

[0233] When a voltage is applied to a pixel, the alignment
direction of a liquid crystal molecule is determined by bal-
ance of both of the alignment processing and the electric field.
By this, since the liquid crystal molecule 24a of the end region
74 of the pixel electrode 3 also falls down in the direction
almost parallel to the drain bus line 6, light can be transmitted
through the whole pixel electrode.

[0234] In this state, monomers in the liquid crystal layer 24
are polymerized. Since the direction in which the liquid crys-
tal molecule 24a falls down is determined by a polymerized
polymer, it hardly receives the influence of an electric field
generated at the end of the pixel. When a display was effected
on the completed MVA-LCD and the display region was
observed, light was transmitted through the whole pixel por-
tion, and in a T-V characteristic diagram of FIG. 36, as indi-
cated by a curved line of a thick solid line, the transmissivity
could be improved as compared with a conventional LCD
indicated by a thin solid line.

Example 2-5

[0235] This example will be described with reference to
FIGS. 37 to 40. FIG. 37 shows a state in which one pixel 2 of
an MVA-LCD according to this example is viewed in the
direction of a normal of a substrate surface. Although the
structure of a pixel electrode 3 of this example is the same as
the example 2-1, this example is characterized in that the
width of a gap 76 between a drain bus line 6 and a pixel
electrode 3 is made equal to the width of a space 10 in the
pixel electrode 3.
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[0236] FIG. 38 shows a construction in which the gap 76
between the drain bus line 6 and the pixel electrode 3 is wide.
When the width of the region 76 along the substrate surface is
made “a”, and the width of the space 10 is made “b”, a>b is
satisfied. Since capacitance between the drain bus line 6 and
the pixel electrode 3 becomes the cause of cross talk, the gap
76 is generally made wide. However, when a voltage is
applied to the liquid crystal layer 24, a liquid crystal molecule
24a in a region 76a indicated by an ellipse over the gap 76
falls down in the direction perpendicular to the drain bus line
6, and a dark portion appears in the pixel. On the other hand,
in a region 10a over the space 10 in the pixel electrode 3, a
liquid crystal molecule 24a is tilted in parallel with the exten-
sion direction of the space.

[0237] Then, as shown in FIG. 39, the gap 76 is made close
to the width of the space 10 to satisfy a=b, and the liquid
crystal molecule 24a in the region 76a is also made to fall
down in the direction parallel with the drain bus line 6. By
doing so, since the area of the pixel electrode 3 can also be
widened, there is an effect that the transmissivity can be
improved double as shown in FIG. 39. In order to suppress the
cross talk, as shown in FIG. 39, an electric field shielding
electrode 70 of the example 2-3 has only to be provided in a
lower layer of the gap 76.

[0238] Inthis construction, a voltage is applied to the liquid
crystal layer 24 and monomers in the liquid crystal layer 24
are polymerized. Since the direction in which the liquid crys-
tal molecule 24aq falls down is determined by the polymerized
polymer in the completed MVA-LCD, it hardly receives the
influence of an electric field generated at the end of the pixel
when an image is displayed. When a display was effected on
the completed MVA-LCD and the display region was
observed, light was transmitted through the whole pixel por-
tion, and in a T-V characteristic diagram of FIG. 40, as indi-
cated by a curved line of a solid line, the transmissivity could
be improved as compared with a conventional LCD indicated
by a broken line.

Example 2-6

[0239] This example will be described with reference to
FIGS. 41 to 45. FIG. 41 shows a state in which one pixel 2 of
an MVA-LCD according to this example is viewed in the
direction of a normal of a substrate surface. The structure of a
pixel electrode 3 of this example is characterized in that a line
and space pattern constituted by stripe-like electrodes 8 and
spaces 10 is formed in parallel with a gate bus line 4. In order
to produce alignment division in two directions of right and
left directions in the drawing, a connection electrode 64 is
provided at the right side in the upper half of the pixel, and a
connection electrode 64 is provided at the left side in the
lower half of the pixel. By doing so, the alignment of a liquid
crystal molecule tilted in a direction perpendicular to a drain
bus line 6 by a horizontal electric field generated at the end of
the pixel electrode parallel with the drain bus line 6 can be
actively used. Incidentally, the connection electrodes 64 may
be naturally provided at the left side in the upper half of the
pixel and at the right side in the lower half of the pixel.

[0240] FIG. 42 shows a section taken along line F-F of FIG.
41. FIG. 43 shows a section taken along line G-G of FIG. 41.
As shown in FIGS. 42 and 43, alinear protrusion 66 is formed
on an opposite substrate between the drain bus lines 6 adja-
cent to the two connection electrodes 64. By forming the
linear protrusion 66, the influence of an electric field between
the connection electrode 64 and the adjacent drain bus line 6
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can be eliminated. Further, in order to ensure the alignment
direction, as indicated by a thick outlined arrow of F1G. 44, on
the side of the array substrate, rubbing may be performed
from the side where the connection electrode 64 is not pro-
vided toward the side of the connection electrode 64, and on
the side of the opposite substrate, rubbing may be performed
in the direction opposite to the arrow. Besides, an optical
alignment processing may be performed.

[0241] Inthis construction, a voltage is applied to the liquid
crystal layer 24 to polymerize monomers in the liquid crystal
layer 24. In the completed MVA-LCD, since the direction in
which the liquid crystal molecule 24a falls down is deter-
mined by the polymerized polymer, it hardly receives the
influence of the electric field generated at the end of the pixel
when an image is displayed. When a display was effected on
the completed MVA-LCD and the display region was
observed, light was transmitted through the whole pixel por-
tion, and in a T-V characteristic diagram of FIG. 45, as indi-
cated by a curved line of a thick solid line, the transmissivity
could be improved as compared with a conventional LCD
indicated by a thin solid line.

Third Embodiment

[0242] Next, a liquid crystal display according to a third
embodiment of the present invention and a method of manu-
facturing the same will be described with reference to FIGS.
46A to 48. This embodiment relates to an improvement of the
MVA-LCD of the second embodiment. According to the sec-
ond embodiment, a large dark portion X1 as indicated in the
pixel microscopic observation view of FIG. 23 can be reduced
using the stripe-like electrode pattern, however, a dark por-
tion X1 slightly remains over the stripe-like electrode 8 clos-
est to the drain bus line 6 and the gap 76.

[0243] FIGS. 46A to 46E are views for explaining a tilting
operation of a liquid crystal molecule 24a. FIG. 46 A shows a
state in which a pixel electrode 3 having no slit and the liquid
crystal molecule 24a are viewed in the direction of a normal
of a substrate surface, and FIG. 46B shows a state in which
they are viewed in the direction of a section of the substrate.
As shown in FIGS. 46 A and 46B, when a voltage is applied to
the liquid crystal molecule 24a, the major axis of the liquid
crystal molecule 24a is tilted in the direction perpendicular to
the end side of the pixel electrode 3. For example, the liquid
crystal molecule 24q in the vicinity of the end side of the pixel
electrode 3 parallel with the drain bus line 6 falls down in the
direction perpendicular to the extension direction of the drain
bus line 6.

[0244] FIG. 46C shows a state in which a pixel electrode 3
formed of a line and space pattern and constituted by stripe-
like electrodes 8 and spaces 10, and a liquid crystal molecule
24a are viewed in the direction of a normal of a substrate
surface, and FIG. 46D shows a state in which they are viewed
in the direction of a section of the substrate. As shown in
FIGS. 46C and 46D, when a voltage is applied to the liquid
crystal molecule 24a, the major axis of the liquid crystal
molecule 24aq is tilted in parallel with the longitudinal direc-
tion of the pattern of the stripe-like electrodes 8 and the spaces
10.

[0245] Accordingly, as shown in FIG. 46E, when the stripe-
like electrode 8 is provided in parallel with a drain bus line 6,
the direction of tilting of the major axis of the liquid crystal
molecule 24a on the stripe-like electrode 8 and that in the
vicinity of the drain bus line 6 are different from each other by
90°. Thus, a liquid crystal molecule 24a pointing to the direc-
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tion of 45° with respect to the drain bus line 6 is produced as
shown in an elliptical region 78 of FIG. 46E, and becomes
parallel with the polarization axis of a polarizing plate, so that
a dark portion is observed.

[0246] Then, in this embodiment, in order to basically
eliminate the influence of the electric field generated at the
end of the pixel and to suppress the region of the dark portion
to a minimum, an electrode width a' of the stripe-like elec-
trode 8 closest to the drain bus line 6 is made thinner than an
electrode width b' of the stripe-like electrode 8 at the center
portion of the pixel.

[0247] Incidentally, if the electrode width a' of the stripe-
like electrode 8 is excessively thin, there is a possibility that
the stripe-like electrode 8 is broken or is short-circuited to the
adjacent stripe-like electrode 8. Then, the width of the stripe-
like electrode 8 and the space 10 are set to be from 0.5 pm to
5 pm.

[0248] The liquid crystal display according to this embodi-
ment and the method of manufacturing the same will be
specifically described below using examples. First, condi-
tions of the following examples are the same as the conditions
of the examples in the second embodiment.

Example 3-1

[0249] When the distance between the stripe-like electrode
8 and the drain bus line 6 is short as in the example 2-5 of the
second embodiment, there is a case where capacitance
between the pixel electrode 3 and the drain bus line 6 becomes
large, and cross talk is generated. In this case, since the
distance between the stripe-like electrode 8 and the drain bus
line 6 can not be shortened, the region of the dark portion X1
can be made a minimum by narrowing the width of stripe-like
electrode 8' closest to the drainbus line 6. F1G. 47 exemplifies
a case where a connection electrode 64 is provided at the
center of a pixel. FIG. 48 exemplifies a case where a connec-
tion electrode 64 is provided on the side of a gate bus line 4.

Example 3-2

[0250] Inthe example3-1,in orderto prevent the cross talk,
the electric field shielding electrode 70 described in the
example 2-3 or the example 2-5 of the second embodiment
can be used.

Fourth Embodiment

[0251] Next, a liquid crystal display according to a fourth
embodiment of the present invention and a method of manu-
facturing the same will be described with reference to FIGS.
49 to 62. This embodiment relates to an improvement in
characteristics of a high display quality MVA-LCD. As an
information equipment becomes popular in recent years, a
display panel is required to have high performance. Thus, an
MVA-LCD excellent in display quality is often used. How-
ever, the MVA-LCD has a problem that a response from the
time of no voltage application (at the time of black display of
anormally-black mode) to the time of low voltage application
(halftone) is slow.

[0252] Asshown in FIG. 49, in a conventional MVA-LCD,
alignment regulating structural members (for example, linear
protrusions 66 and 68) for regulating the tilt directions of
liquid crystal molecules 24a are locally distributed (unevenly
distributed). Since the alignment regulating structural mem-
bers are locally distributed, in a region where there is not a
structure for regulating a tilt direction and a tilt angle 6p of the
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liquid crystal molecule 24a as shown in FIG. 50, it takes a
time to propagate the tilt of a liquid crystal alignment. Fur-
ther, if a boundary of alignment is formed on the structural
member for regulating the tilt direction, a dark line is formed
around the structural member, and the transmissivity is low-
ered. As stated above, in the construction in which means for
regulating the tilt direction is arranged dispersedly, there is a
problem that the liquid crystal alignment at the time of low
voltage application is unstable.

[0253] Accordingly, since it takes a time for the liquid
crystal of the whole pixel to make a response, there arises a
problem that it takes a long time to change a black display
(vertical alignment state) to a halftone display (tilt alignment
state). Especially, in the case where the halftone display has a
low gradation, since the propagation of the liquid crystal
alignment tilt becomes slow, the response time becomes three
or more times as long as a normal time. However, in the
alignment of the case where polymer fixation has been made,
the tilt directions of all portions in the pixel are previously
determined. Accordingly, in any modes in which the align-
ment is changed while the tilt direction of the liquid crystal is
propagated and the response becomes slow under normal
conditions, the polymer fixation realizes a great improvement
in the response. FIG. 86 shows the relation between the gra-
dation and the rising time in an LCD including a polymer
unfixed liquid crystal and an LCD including a polymer fixed
liquid crystal. It is understood that the response speed higher
by a factor of two to three times can be obtained by applying
the polymer fixation to the normal MVA-LCD. Besides, as
another problem, since the transmissivity is lowered, the dis-
play becomes dark. As stated above, in the construction in
which tilt alignment is dispersed, there is a problem that the
response property is deteriorated and the luminance is low-
ered because the liquid crystal alignment at the time of low
voltage application is unstable.

[0254] This embodiment provides the MVA-LCD in which
the response time is shortened without lowering the transmis-
sivity, and the liquid crystal alignment at the time of low
voltage application is fixed. Especially, in the polymer fixed
alignment as the basic construction of this embodiment, since
the tilt directions of all portions concerning display are pre-
viously determined, in any pixel structures in which the tilt
direction of the liquid crystal must be propagated under nor-
mal conditions, remarkable speeding-up can be achieved.
[0255] FIG. 51 is a structural view of this embodiment. In
the drawing, 3x3=9 arrangement regions 80 arranged in a
matrix form are exemplified. In the respective arrangement
regions 80, structural members having directionality in the
direction of a substrate surface or slits obtained by cutting an
electrode (hereinafter referred to as directional structural
members) are arranged. If a directional structure similar to the
directional structural members is formed, as a single body or
anaggregate, in a surface reformed region two-dimensionally
in the same direction, the liquid crystal alignment can be tilted
in one direction. By this, since a liquid crystal molecule can
be tilted in a predetermined direction at the time of voltage
application to a liquid crystal layer 24 when monomer, which
is polymerized by light or heat, is polymerized, the optimum
pretilt angle and/or tilt angle at the time of driving can be
obtained.

[0256] Inthis embodiment, as shown in FIG. 51, the liquid
crystal alignment is tilted in one direction by the directional
structural members provided in the arrangement regions 80
arranged two-dimensionally on the substrate surface or by the
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surface reformed region in which a configuration equivalent
to these is formed. That is, since the liquid crystal alignment
is tilted at short intervals in one direction, a time in which the
tilt of the liquid crystal alignment is propagated becomes
short, and the response time can be shortened. Further, since
a domain is not formed on the directional structural member
or the surface reformed region, the transmissivity is not low-
ered. Further, since the polymer aligned in the tilt orientation
oftheliquid crystal is formed, the liquid crystal is stably tilted
at the time of low voltage application.

[0257] The plurality of arrangement regions 80 shown in
FIG. 51 are adjacent to each other to have a horizontal direc-
tion gap width WG and a vertical direction gap width HG. As
a formation material of the structural member arranged in the
arrangement region 80, for example, 51800 positive photore-
sist of Shipley Corporation is used. The height of the struc-
tural member is made about 0.3 um.

[0258] FIG. 52 shows an example of the directional struc-
tural member or the surface reformed region in which a tri-
angular recess being one size smaller is formed from a trian-
gular outer shape when viewed in the direction of a normal of
a substrate surface. An energy beam such as an ultraviolet ray
is selectively irradiated for reforming the surface. The thick-
ness of the liquid crystal layer is made about 4 pm. A vertical
alignment film is used as an alignment film, and a liquid
crystal having a negative dielectric anisotropy is used as a
liquid crystal.

[0259] By providing the triangular recess, there is produced
an effect that a liquid crystal molecule is hard to tilt in the
direction of the recess. As shown in FIG. 52, the pattern size
can take various sizes of patterns D1 to D4.

[0260] At the time of no voltage application, the liquid
crystal molecule is aligned substantially perpendicularly to
the substrate surface. At the time of voltage application, the
liquid crystal molecule is tilted in one direction by the direc-
tional structural member or the surface reformed region
formed to have the same shape as the former. In the case
where a liquid crystal cell is sandwiched between polarizing
plates arranged in crossed Nicols, a black display is obtained
at the time of no voltage application, and a white display is
obtained at the time of voltage application.

[0261] In the case of a structural member of a flat shape
having no directionality, it is possible to produce directional-
ity by combination. FIG. 53 shows an example in which a
rectangular plane shape having two axial symmetry axes and
arectangular plane shape having two axial symmetry axes are
combined to make one axial symmetry axis. As shown in FIG.
53, the pattern size can take various sizes of patterns F1 to F4.
[0262] A triangle, an almost halved ellipse, or a semicircle
can be used as another example of the plane shape of the
directional structural member or the surface reformed region.
In the case of an equilateral triangle, the number of axial
symmetry axes becomes three. However, if it is arranged in a
lattice shape, the number of axial symmetry axes of an aggre-
gate becomes one.

[0263] FIGS. 54A to 54F show examples of the combina-
tion of plural structural members. The plane shape of the
directional structural member or the surface reformed region
is substantially triangular, rectangular, square, substantially
halved elliptical, semicircular, elliptical or circular, and one
of a protrusion and a recess formed on a side opposite to the
protrusion, or both may be provided in a portion. The shape of
the protrusion or the recess may be substantially triangular,
rectangular, square, halved elliptical, or semicircular.
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[0264] FIGS. 55 to 58 show constructions for improving a
visual angle property of an LCD. Directions D of plane
shapes of directional structural members or surface reformed
regions in a pixel 2 are different. In FIG. 55, the inside of the
pixel 2 is divided at the center into two regions. For example,
the structural members each having the triangular outer shape
with the recess shown in FIG. 52 are aligned in a matrix form
in one direction D1 while the apexes point upward in the
drawing. On the other hand, the structural members each
having the triangular outer shape with the recess shown in
FIG. 52 are aligned in a matrix form in a reverse direction D2
different from the direction D1 by 180° while the apexes point
downward in the drawing. By adopting the construction as
stated above, liquid crystal molecules are alignment regulated
in a wide range in the pixel at the time of polymerization, and
an excellent liquid crystal alignment by polymers can be
obtained.

[0265] Similarly, in FIG. 56, structural members each hav-
ing the triangular outer shape with the recess shown in FIG.
52 are aligned in four directions D1 to D4 while the directions
of the apexes are changed for respective regions by 90°.
Incidentally, the direction of the plane shape may be continu-
ously changed. For example, in FIG. 57, the structural mem-
bers are extended radially from the center portion of the pixel
2 and are aligned. In FIG. 58, structural members are aligned
such that the apexes are concentrically arranged. By adopting
the alignment constructions as stated above, the directions in
which the liquid crystal molecules are tilted can be finely
controlled in the pixel 2, so that the visual angle property can
be improved. Further, a shift of the liquid crystal alignment in
the orientation angle direction at the time of display voltage
application can be decreased by previously applying a low
voltage to the pixel electrode to slightly tilt the liquid crystal
alignment.

[0266] What was obtained by adding liquid crystal
monoacrylate UCL-001-K1 of 2.5% of Dainippon Ink Cor-
poration to liquid crystal MJ-961213 of Merck Japan Corpo-
ration was used as a monomer mixture liquid crystal material
for polymer fixation. After the liquid crystal material is
injected between substrates, monomers are cured by irradiat-
ing the liquid crystal layer with ultraviolet rays while a volt-
age of 5.0V is applied to the liquid crystal layer. By doing so,
it becomes possible to form polymers aligned in the tilt ori-
entation of the liquid crystal molecules. By this, the liquid
crystal alignment at the time of low voltage application can be
fixed.

[0267] Further, a construction for improving the visual
angle property of an LCD is shown in FIGS. 59 and 60. The
constructions shown in FIGS. 59 and 60 are characterized in
that a boundary structural member 78 of a directional struc-
tural member or a surface reformed region is provided at a
boundary of respective regions in a pixel 2. The boundary
structural member 78 is formed into a band shape having a
width of 5 pm and a height of about 0.3 um. The height may
be about 1.5 um. FIG. 59 shows a state in which the inside of
the pixel 2 is divided into two regions by the band-like bound-
ary structural member 78, and FIG. 60 shows a state in which
the inside of the pixel 2 is divided into four regions by com-
bining the band-like boundary structural members 78 into a
cruciform shape.

[0268] Constructions shown in FIGS. 61 and 62 are specific
examples of the boundary structural member 78 shown in
FIG. 60. The structural member 78 shown in FIG. 61 is
constructed by arranging a plurality of triangular structures
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which are radially extended in four directions while the direc-
tions of the apexes are made the same in each direction. The
boundary structural member 78 shown in FIG. 62 is con-
structed by arranging isosceles triangle structures which are
radially extended in four directions while the one structure is
extended in one direction and the apex points to each direc-
tion.

[0269] As described above, according to this embodiment,
the liquid crystal molecules can be tilted and aligned at short
intervals, and the propagation distance of the liquid crystal
alignment tilt becomes short, so that the response time can be
made short. Further, since the transmissivity is not lowered,
and the liquid crystal alignment at the time of low voltage
application is stable, the display performance of the MVA-
LCD can be improved.

Fifth Embodiment

[0270] Next, a liquid crystal display according to a fifth
embodiment of the present invention and a method of manu-
facturing the same will be described with reference to FIGS.
63 to 65. This embodiment relates to weight lightening of the
liquid crystal display. The liquid crystal display is used for a
portable TV, various monitors, a projection type projector,
and the like, in addition to a book-size personal computer.
[0271] The existing LCD which can produce a color dis-
play is inferior to the CRT in brightness, and a rise in lumi-
nance is desired. As one of methods of improving the bright-
ness, it is conceivable to use a circular polarization plate
(circular polarization plate indicates a combination of'a polar-
izing plate and a A/4 plate). A drop in luminance by disclina-
tion generated in a pixel can be suppressed by using the
circular polarization plate.

[0272] Ingeneral, as amethod for controlling the alignment
of liquid crystal, there is an alignment regulating structural
member such as a protrusion or a slit obtained by cutting an
electrode. Besides, there is also a polymer fixation system in
which monomers are polymerized by irradiating ultraviolet
(UV) light to a liquid crystal layer mixed with the monomers
in a state where liquid crystal molecules are tilted by applying
a voltage to the liquid crystal layer, and the liquid crystal is
alignment regulated. Among these alignment regulating
means, the polymer fixation system can make the opening
ratio of a pixel highest.

[0273] When the monomers in the liquid crystal layer are
polymerized, a voltage is applied to the liquid crystal layer to
tilt the liquid crystal molecules, and at this time, there is a case
where an alignment regulating structural member is provided
in a pixel so that the liquid crystal molecules keep predeter-
mined alignment directions. In the case where the monomers
are polymerized without providing the alignment regulating
structural member such as the protrusion or slit, a bead spacer
dispersed in the pixel to maintain a predetermined cell gap
becomes a base point for determining the alignment direction
of the liquid crystal molecule.

[0274] FIG. 63 shows a state in which three adjacent pixels
2 are viewed in the direction of a normal of a substrate surface.
A bead spacer 82 does not exist in a pixel 2 at the left side in
the drawing, but one bead spacer 82 exists in each of the pixels
2 at the center and the right in the drawing and the arrange-
ment positions are different from each other. Since the bead
spacers 82 are dispersed at random, as shown in FIG. 63, the
distribution states of the bead spacers 82 are different for the
respective pixels, and accordingly, the base positions for
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determining the alignment directions of liquid crystal mol-
ecules 24a are different between the respective pixels.
[0275] Whenavoltageisapplied to a liquid crystal layer 24,
the liquid crystal molecules 24a in the vicinity of a gate bus
line 4 are tilted in the direction perpendicular to the gate bus
line 4 by a horizontal electric field generated between the gate
bus line 4 and the end portion of a pixel electrode 3. Similarly,
the liquid crystal molecules 244 in the vicinity of a drain bus
line 6 are tilted in the direction perpendicular to the drain bus
line 6. The tilts of the liquid crystal molecules 244 in the
vicinity of the bus lines are propagated to the inner liquid
crystal molecules 24a, and four alignment division regions
are formed. Dark lines X1 as shown in the drawing are formed
at the boundaries of the respective alignment regions.
[0276] However, as described above, since the distribution
states of the bead spacers 82 are different between the respec-
tive pixels, and the base positions for determining the align-
ment directions of the liquid crystal molecules 24a are dif-
ferent between the respective pixels, as is apparent from FIG.
63, the formation states of the dark lines X1 become different
between the respective pixels in accordance with the posi-
tions of the bead spacers 82 in the pixels 2. This is caused
since the alignment ratios of the respective tilt orientations are
different between the respective pixels, and even in the case
where the circular polarization plate is used, there arises a
problem that an angle of view becomes small at a halftone,
brightness becomes different between the respective pixels or
unevenness of display is observed on the whole.

[0277] Inorder to improve the above problem, in the liquid
crystal display according to this embodiment, columnar spac-
ers are formed at the same position in all pixels instead of the
bead spacers, so that the alignment ratios of liquid crystal
molecules in respective alignment directions in the pixel
become the same in all pixels. By doing so, since the align-
ment rates of the liquid crystal molecules in the respective
alignment directions become the same in all the pixels,
unevenness of display can be prevented.

[0278] Hereinafter, a specific example will be described
with reference to FIG. 64. FIG. 64 shows a state in which
three adjacent pixels 2 are viewed in the direction of a normal
of a substrate surface. In FIG. 64, a storage capacitance bus
line 18 is formed under pixel electrodes 3 at their center lines,
and columnar spacers 84 each having a width of 10 pm square
are formed of resist on the center of pixel electrodes 3.
[0279] As stated above, in the MVA-LCD of this example,
instead of the bead spacers, the columnar spacers 84 are
formed at the same position (in this example, at the center of
the pixel) of the respective pixels. Thus, the base positions for
determining the alignment directions of the liquid crystal
molecules 24a can be the same for all the pixels. Accordingly,
as shown in FIG. 64, the alignment ratios of the liquid crystal
molecules 24a in the respective alignment directions in the
pixel 2 are made the same, and the formation states of dark
lines X1 in the pixels 2 can be made the same in all the pixels.
[0280] Next, a method of manufacturing the MVA-LCD
according to this example will be described in brief.

[0281] First, a positive resist (made by Shipley Corpora-
tion) is spinner coated to a predetermined thickness (such a
thickness that a cell gap becomes 5 um) on an array substrate
on which a TFT 16 is formed or an opposite substrate on
which a color filter is formed. Thereafter, mask exposure is
performed, and the columnar spacer 84 having a thickness
equivalent to the thickness of'a cell gap is formed at the center
portion of a pixel as shown in FIG. 64.
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[0282] Next, a vertical alignment film made of polyimide is
formed on the array substrate and the opposite substrate.
[0283] Next, both the substrates are bonded at a predeter-
mined position, and a liquid crystal having a negative dielec-
tric anisotropy and a monomer, which can be polymerized by
UV light, are mixed and in this state, they are injected
between the substrates.

[0284] A gate voltage of DC 30V is applied to the gate bus
line 4 of the liquid crystal panel in which the injection is
finished, and a drain voltage of DC 5V is applied to the drain
bus line 6. The opposite electrode is the ground voltage. At
this time, the horizontal electric field is generated between the
gate bus line 4 or the data bus line 6 and the pixel electrode 3,
and the liquid crystal molecules 24a are slowly aligned into
the stable state. UV light is irradiated to the liquid crystal
layer 24 in this state, and the monomer is cured by photopo-
lymerization.

[0285] Next, circular polarization plates (polarizing
plates+A/4 plates) are arranged on both surfaces of the liquid
crystal panel in a predetermined optical axis, and the MVA-
LCD is completed.

[0286] Next, a modified example of the above example will
be described with reference to FIG. 65. FIG. 65 shows a state
in which three adjacent pixels 2 are viewed in the direction of
a normal of a substrate surface. In FIG. 65, two columnar
spacers 84 each having a width of 10 um square are formed on
a horizontal or vertical center line 15 of a pixel electrode 3 at
equal distances from the center of the pixel 2. Incidentally, the
columnar spacer 84 may be naturally cylindrical. Cylindrical
spacers 84' each having a diameter of 10 pm is exemplified in
the pixel 2 at the left side of FIG. 65. It is desirable that the
width and the diameter of the columnar spacers 84 and 84' are
20 pm or less.

[0287] As stated above, also in the MVA-LCD of this modi-
fied example, instead of the bead spacers, the two columnar
spacers 84 are formed at the same positions (in this example,
upper and lower two positions at equal distances from the
center of the pixel) of each of the pixels. Even if this con-
struction is adopted, the base positions for determining the
alignment directions of the liquid crystal molecules 244 can
be made the same in all the pixels.

[0288] In the above example and modified example, the
columnar spacer 84 is formed using the resist, however, in
addition to this, the columnar spacer 84 may be naturally
formed by partially stacking two or three layers of color filter
formation material. Besides, it may be formed by stacking
plural layers of the color filter formation material and a thin
film of organic material.

[0289] Further, in a CF-on-TFT structure in which a color
filter layer is formed on an array substrate, the columnar
spacer 84 may be naturally formed by partially stacking two
or three layers of color filter layers.

[0290] Besides, in the above example and modified
example, although the description has been given of the
example in which two or three columnar spacers 84 are
formed in the pixel, in addition to this, columnar spacers may
be naturally formed also on the peripheral portion of the pixel
regularly.

Sixth Embodiment

[0291] Next, a liquid crystal display according to a sixth
embodiment of the present invention and a method of manu-
facturing the same will be described with reference to FIGS.
66 to 68B. This embodiment relates to a VA mode in which a
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liquid crystal having a negative dielectric anisotropy is verti-
cally aligned, and particularly to an MVA-LCD in which an
alignment control (tilt direction) ofliquid crystal molecules is
made without performing an alignment processing such as
rubbing but by using an alignment protrusion or an electrode
slit. Further, this embodiment relates to an MVA-LCD which
has a wide interval between alignment protrusions and is
bright, however, has a construction such that an alignment
control is difficult.

[0292] Inthe MVA-LCD in which the liquid crystal having
the negative dielectric anisotropy is vertically aligned, and the
tilt directions of the liquid crystal molecules at the time of
voltage application are divided into some directions using the
alignment protrusions or the electrode slits, they are vertically
aligned almost completely at the time of no voltage applica-
tion, however, they are tilted in various directions at the time
of voltage application. Although the directions of the tilts are
regulated to form 45° with respect to a polarizer absorption
axis in any cases, the liquid crystal molecule as a continuum
also falls down in the intermediate direction. Besides, also by
the influence of ahorizontal electric field or the like at the time
of driving or the roughness of the structural member, there
always exists a region where the tilt direction of the liquid
crystal is shifted from a predetermined direction. In the nor-
mally-black mode in which the polarizers are arranged in
crossed Nicols, a blackish region appears in each pixel at the
time of a white display. This lowers the luminance of the
screen.

[0293] Then, the polymer fixation system is effective in
which the liquid crystal molecules fall down to a certain
degree by voltage application, and a monomer material is
polymerized in the state where the tilt direction is determined.
As the monomer material, a material which is polymerized by
UV irradiation is generally used. In the polymer fixation
system, a polymer is formed to memorize the information of
the tilting direction of liquid crystal molecules at the time of
voltage application. Accordingly, when a state in which there
is no disclination in a liquid crystal layer is formed at the time
of polymerization by UV irradiation, the disclination is not
produced in the display pixel even if any liquid crystal driving
is performed later. Further, there is a merit that the response
speed at a halftone is also improved.

[0294] However, it is difficult to apply a uniform voltage to
the whole liquid crystal layer at the time of polymerization.
Besides, it is known that UV irradiation in the on state of a
TFT deteriorates the characteristics of the TFT. Further, it is
troublesome in process that UV irradiation is made while a
voltage is applied to the liquid crystal layer. Moreover, if the
monomer material in the liquid crystal layer is irregularly
distributed, there is a case where unevenness of in-plane
pre-tilt occurs after the polymerization, and unevenness of
display is caused.

[0295] Inorder to solve the above problem, in this embodi-
ment, UV irradiation is applied to monomers to polymerize
them in a state of no voltage application or in such a low
voltage application state that there does not occur a difference
in pre-tilt even if there is an irregular distribution of monomer
materials. In the state of no voltage application, a predeter-
mined effect can be obtained by using a processing of optical
alignment or the like together.

[0296] The UV irradiationis applied under a low voltage of
such a degree that a difference does not occur in the pre-tilt
even if there is fluctuation of applied voltage to the liquid
crystal layer in the substrate surface or an irregular distribu-
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tion of polymer materials in the substrate surface, so that a
desired pretilt angle and/or alignment regulating direction
can be given to the liquid crystal layer, and the occurrence of
the unevenness of display at the time of an image display can
be prevented. Further, in combination with a UV alignment,
polymerization can be performed in the state in which align-
ment control is perfect even if a voltage is not applied.
Besides, since the TFT can be turned off at the time of the UV
irradiation, deterioration of the TFT can be prevented.

[0297] According to this embodiment, the MVA-LCD can
be obtained in which tilting of the liquid crystal molecules is
carried out at a high speed, the alignment is fixed, and uneven-
ness of in-plane display does not occur.

[0298] Hereinafter, a specific example will be described
with reference to FIGS. 66 to 68B.

[0299] FIG. 66 shows a basic construction of an LCD using
the polymer fixation system. Liquid crystal molecules 24a are
fixed at a pretilt angle by polymers, and the tilting direction at
the time of voltage application is also regulated.

[0300] FIG. 67A shows a conventional system in which a
voltage is applied to a liquid crystal layer 24 when UV irra-
diation is applied to a monomer material to polymerize it. If
polymerization is performed by this system, the liquid crystal
molecules 24q are fixed at a predetermined pretilt angle. This
pretilt angle is determined by the concentration of the poly-
mer material, the voltage applied to the liquid crystal layer 24,
and the amount of the UV irradiation.

[0301] FIG. 67B shows a method of polymerization
according to this example. A light (UV) alignment processing
is performed to alignment films (not shown) formed on liquid
crystal contact surfaces of a pixel electrode 3 and a common
electrode 26. By doing so, since it becomes unnecessary to
apply a voltage to the liquid crystal layer 24 at the time of UV
irradiation, the obtained pretilt angle is determined only by
the UV alignment processing, and polymerization is per-
formed in this state. Instead of the UV alignment processing,
a low voltage of such a degree that fluctuation does not occur
in the pretilt angle may be applied to the liquid crystal layer to
perform polymerization.

[0302] FIG. 68A shows results obtained by the conven-
tional system. The left side and the right side of the drawing
show unevenness of pretilt in the case where there is uneven-
ness of concentration in the polymer material or there is
unevenness of applied voltage to the liquid crystal layer 24. In
the illustrated example, a left pretilt angle is larger than a right
one. As a result, when the completed LCD is displayed, the
unevenness of display is observed.

[0303] FIG. 68B shows results of this example. In the case
where the pretilt angle is determined by the UV alignment
processing of the alignment film, or in the case where the low
voltage of such a degree that fluctuation of the pretilt angle
does not occur is applied to the liquid crystal layer, even if
unevenness of concentration of the polymer material exists on
the substrate, since the unevenness of pretilt does not occur,
the unevenness of display does not occur in the completed
LCD.

[0304] The monomer material used for this embodiment is
a mesomorphism or non-mesogenic monomer, and for
example, bifunctional acrylate or a mixture of bifunctional
acrylate and monofunctional acrylate can be used.

[0305] In this embodiment, although the MVA-LCD has
been described, in addition to this, the above embodiment can
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be applied to LCDs of various systems, such as another VA
mode, TN mode, or IPS mode.

Seventh Embodiment

[0306] Next, aliquid crystal display according to a seventh
embodiment of the present invention and a method of manu-
facturing the same will be described with reference to FIG.
69. This embodiment relates to the liquid crystal display and
the method of manufacturing the same, and particularly to the
liquid crystal display in which alignment regulation of a
vertical alignment type liquid crystal is stably performed by a
polymer fixation (macromolecule fixation) system. In a con-
ventional polymer fixation system, there is adopted a method
in which at the time of polymerization, the alignment direc-
tions of liquid crystal molecules are controlled by performing
light irradiation while a voltage is applied to the liquid crystal
layer from an external power source.

[0307] However, this is not an easy process in fabricating
the liquid crystal display panel. This is because UV light for
polymerization must be irradiated in the state where the volt-
age is supplied to the liquid crystal layer from the side of the
gate bus line of the liquid crystal display panel, the side of the
drain bus line, and the common electrode.

[0308] FIG. 69 shows a state in which an array substrate 88
including TFTs and formed on a mother glass 86 on the side
of the array substrate, and an opposite substrate 89 bonded
thereto across a liquid crystal layer 24 are viewed in the
direction of a normal of a substrate surface. Polymers for
regulating pretilt angles of liquid crystal molecules and/or tilt
directions at the time of driving are mixed in the liquid crystal
layer 24. Pixel electrodes are formed in a matrix form on the
array substrate 88, and a common electrode is formed on the
opposite substrate 89. The TFTs on the array substrate 88 are
connected to a gate bus line and a drain bus line.

[0309] Solar cells (silicon photovoltaic cells) 74 and 75 are
formed on the mother glass 86. Output terminals of the solar
cell 74 are respectively connected to a plurality of gate bus
line terminals led out to the end face of the array substrate 88.
Output terminals of the solar cell 75 are respectively con-
nected to a plurality of drain bus line terminals led out to the
end face of the array substrate 88.

[0310] Ina process of fabricating the liquid crystal display
panel, the alignment direction of the liquid crystal layer 24
can be regulated by applying a voltage between the pixel
electrode and the common electrode using the output voltage
obtained by irradiating the solar cells 74 and 75 with light.
That is, voltage supply from an external power source is not
necessary, and it becomes possible to control the alignment
orientations of the liquid crystal molecules in the process of
light irradiation.

[0311] When the alignment orientations of the liquid crys-
tal molecules have been fixed, the solar cells 74 and 75 pro-
vided on the outer peripheral portion of the mother glass 86
become unnecessary, and accordingly, the solar cells 74 and
75 are cut away from the panel at scribe lines S1 and S2 when
the liquid crystal display panel is cut out from the mother
glass 86.

[0312] Ttis desirable in process that the solar cells 74 and 75
are formed on the mother glass 86 on which the pixel TFTs
and active elements included in a peripheral circuit are
formed, and are simultaneously formed when the elements of
the pixel portion and the peripheral circuit of the array sub-
strate 88 are formed. When they are formed on the same
substrate, manufacturing costs can be suppressed.
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[0313] Besides, the solar cells 74 and 75 are formed on the
peripheral portion of the display region, and after the align-
ment orientation of the liquid crystal is regulated by irradia-
tion of light, they may be shaded by a light shielding material
and may remain in the inside of the liquid crystal display
panel. At this time, in the case where it is used as a liquid
crystal display, light shielding must be carried out so that the
solar cells are not operated by a backlight or peripheral light.
It is desirable that the light shielding is carried out by sealing
the solar cell portion with a colored resin or a black resin.
Further, it is also effective to design a housing so as to shade
them from a backlight portion or surrounding light.

[0314] The liquid crystal layer of the liquid crystal display
of this embodiment is characterized in that it is of the vertical
alignment type and is subjected to the macromolecule fixa-
tion processing. The alignment orientation of the liquid crys-
tal is determined even at the time of no voltage application by
the macromolecular fixation processing, and the liquid crys-
tal molecules have pretilt angles with respect to the substrate
surface. Such a liquid crystal display panel has a very high
contrast ratio and a high speed response characteristic, and
can provide a display of high performance. By adopting a
multi-domain in which the directions of liquid crystal align-
ment molecules by the voltage application are two or more
directions, a wide visual angle property can also be obtained.
[0315] The plural solar cells 74 and 75 are formed in the
mother glass 86, and they can respectively output indepen-
dent voltages. That is, various solar cells can be formed on the
mother glass 86 according to the objects, for example, the
solar cell 74 for gate voltage supplies voltage to the gate bus
line at polymerization, the solar cell 75 for drain voltage
supplies voltage to the drain bus line, a solar cell is for a
storage capacitance bus line, and so on.

[0316] For example, the solar cell 75 may apply voltages
suitable for respective pixel electrodes of R (Red), G (Green)
and B (Blue) of the liquid crystal display panel. In the case
where the optical characteristics of the liquid crystal display
panel are controlled, when the liquid crystal alignment is
controlled for each of R, G and B regions, the optical char-
acteristics can be excellent, and at that time, it is advanta-
geous to be capable of controlling the tilt direction between
the substrate surface and the liquid crystal molecule. It is well
known that a pretilt with a slight inclination of several
degrees, such as a pretilt angle of about 87 degrees or 88
degrees, exhibits a higher speed response property than a tilt
angle of 90 degrees as a complete vertical alignment.

[0317] Lightis irradiated to perform polymerization, and a
construction may be adopted such that the solar cells 74 and
75 are operated by the irradiation light at that time. That is,
alignment orienting of the liquid crystal and the polymeriza-
tion for recording the orienting are carried out at the same
time by simultaneous exposure. When this method is adopted,
a very simple polymerization process can be realized.
[0318] Itisnotalways necessary that the light irradiation is
performed simultaneously, and if a process as set forth below
can be adopted, its effect becomes great. The polymerization
is performed by a photoreaction of photo-curing macromol-
ecules existing in the liquid crystal layer, and the wavelength
necessary at this time is in a region of ultraviolet light. On the
other hand, it is known that the solar cells 74 and 75 are
operated by visible light or the like, and light used for the
polymerization is not always needed. Thus, it is possible to
irradiate plural light beams of second and third beams, dif-
ferent from the light for polymerization, to the solar cells 74
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and 75, the intensities of the light beams can also be made
different from each other, and an output voltage correspond-
ing to the light irradiation can be obtained. At this time, it is
also effective to apply a necessary hot wind or heat wind to the
solar cells 74 and 75. By doing so, a voltage suitable for the
orienting of the liquid crystal can be applied to the liquid
crystal display panel, and it becomes possible to realize a
multi-tilt. Of course, it is needless to say that the irradiation
light used for the polymerization includes a visible light com-
ponent.

[0319] The liquid crystal display panel in this embodiment
is convenient also for the case where it is fabricated by a
dropping injection method. A construction can be adopted
such that light is irradiated to a main seal coated on the
periphery of the substrate, and the solar cells 74 and 75 are
operated when a pair of panels are bonded and are fixed.
[0320] Besides, a feature is such that from at least one of the
liquid crystal display panels, differently from the light for
operating the solar cells 74 and 75, light is irradiated so that an
active element in the pixel shows photoconductivity. Since
the active element of the pixel portion produces the photo-
conductivity, it becomes possible to reduce or cancel the
applied voltage to the gate side terminal from the solar cells
74 and 75, and simplification can be made in the case where
the solar cells 74 and 75 are formed in the substrate surface. It
is preferable that light for giving the photoconductivity is
irradiated from the side of the opposite substrate at the side
opposite to the substrate including the active element and
from an oblique direction of the liquid crystal display panel,
and it is appropriate that the light goes round a light shielding
material such as a black matrix (BM).

Eighth Embodiment

[0321] Next, a liquid crystal display according to an eighth
embodiment of the present invention and a method of manu-
facturing the same will be described with reference to FIGS.
70A to 75. This embodiment relates to a method for regulat-
ing the alignment of liquid crystal of a VA mode LCD. A
conventional TFT liquid crystal display using a TN mode has
a problem that a contrast is lowered when viewed in an
oblique direction, or light and darkness of a display is
inverted.

[0322] Inthe VA modeliquid crystal display in which liquid
crystal molecules are aligned in the vertical direction with
respect to the alignment film surface (substrate surface) in the
state of no voltage application, a contrast higher than that of
the TN mode can be obtained. In the case where the VA mode
is used, it is generally necessary to give a pretilt angle to the
liquid crystal molecule. The pretilt angle is about 1° to 5°
when measured from a normal of a substrate surface.

[0323] Inthe case where the liquid crystal panel is actually
constructed, a cell is constructed by bonding two substrates
onwhich the alignment films are formed, and the directions of
the pretilt angles given to the alignment films of the two
substrates are made opposite to each other. This alignment
method is called a homeotropic alignment. When a liquid
crystal having a negative dielectric anisotropy is injected into
the cell and a voltage is applied from electrodes provided on
the two substrates, the liquid crystal molecules are tilted in
one direction in which the pretilt angle is given. By this, a
white display is realized from a black display.

[0324] As a method of giving the pretilt angle to the align-
ment film, methods as described below are generally adopted.
One is a rubbing method in which a rotating rubbing cloth is
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brought into contact with the surface of the alignment film to
rub it, and the other is an optical alignment method in which
ultraviolet rays are irradiated to the surface of the alignment
film in an oblique direction.

[0325] As a method of widening an angle of view without
producing inversion of an image, there is an alignment divi-
sion method in which a plurality of alignment directions of
liquid crystal molecules are provided in one pixel. In this
method, alignment regulating forces of the plural directions
must be given onto the alignment film in the minute pixel. In
this case, since the rubbing method is not suitable for the
alignment division, it is suitable to use a method of optical
alignment or the like.

[0326] Besides, as amethod of strengthening the alignment
regulating force of a tilt vertical alignment, there is a polymer
fixation method. This is a method in which polymerizable
monomers are mixed and are polymerized in a liquid crystal
layer, and the alignment regulating force is intensified by
polymers formed by the polymerization of the monomers,
and there are merits that the response time can be made short
and high resistance is obtained against an alignment distur-
bance due to an external electric field or the like.

[0327] A problem of a case where alignment regulating
force is increased by the polymer fixation method will be
described with reference to FIGS. 70A and 70B. FIGS. 70A
and 70B show a state in which two adjacent pixels 2 are
viewed in the direction of a normal of a substrate surface. FIG.
70A shows the side of an array substrate in which TFTs 16 are
formed. FIG. 70B shows a display state of the pixel 2
observed through a black matrix (BM) of a light shielding
film provided on the side of an opposite substrate. As shown
in FIG. 70A, an alignment regulating structural member such
as a linear protrusion or a slit is not formed on a pixel elec-
trode 3 in the pixel 2. Thus, when a predetermined voltage is
applied to a gate bus line 4 and a drain bus line 6, liquid crystal
molecules 24a at the end portion of the pixel electrode 3 as
indicated an arrow 92 in the drawing are tilted toward the
inside of the pixel electrode 3 in the directions perpendicular
to the extension directions of the respective bus lines 4 and 6
by horizontal electric fields generated between the end por-
tion of the pixel electrode 3 and the respective bus lines 4 and
6.

[0328] Even if an initial pretilt angle of a liquid crystal
molecule is given in the direction of an arrow 94 in the
drawing by the optical alignment method, since anchoring
energy is low in the optical alignment method, the liquid
crystal molecule falls down in a direction different from a
direction of a given pretilt, for example, a direction different
by 90° by the influence of the horizontal electric field between
the end portion of the pixel electrode 3 and the drain bus line.
Thus, when a white display is caused, as shown in FIG. 70B,
dark portions X1 are generated in regions between the pixel
electrodes 3 and the drain bus lines 6.

[0329] In the case where ultraviolet rays are irradiated to
polymerize monomers, the alignment direction memorized in
polymers after completion depends on the alignment direc-
tion of the liquid crystal molecules at the time of polymeriza-
tion. Ifultraviolet rays are irradiated to the liquid crystal layer
in this state to perform polymerization and the alignment
direction of the liquid crystal molecules is fixed, the dark
portions X1 are also memorized and the polymerization is
performed.

[0330] Then, in this embodiment, when ultraviolet rays are
irradiated to the liquid crystal layer to polymerize the mono-
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mers, a voltage pattern set forth below is applied to the side of
the array substrate on which the TFT's 16 are formed, so that
the polymer for regulating an excellent pretilt angle and/or
alignment direction is realized without memorizing the dark
portions X1.

[0331] (1) A gate voltage Vg (on)=c at which the TFT 16
becomes in an on state is applied to the gate bus line 4 as a gate
pulse of a specified frequency. At a time other than the time of
application of the gate pulse, a gate voltage Vg (off) at which
the TFT 16 becomes in an off state is applied.

[0332] (2) At the timing when the gate voltage Vg (on) is
applied to the gate bus line 4, a drain voltage Vd (on)=a is
applied to the drain bus line 6, and in the other case, a drain
voltage Vd (off)=b is applied. Here, lal<Ibl.

[0333] (3) A direct-current voltage of a common voltage
Ve=a/2 is applied to the side of the common electrode. Inci-
dentally, the pulse width of each of the gate voltage Vg (on),
the drain voltage Vd (on) and the drain voltage Vd (off) is
shorter than the pulse width of a writing voltage Vp written to
the pixel, and for example, it is Y100 or less of the pulse width
of the writing voltage Vp.

[0334] In the case where a voltage is applied under the
above conditions (1) to (3), the writing voltage Vp written to
the pixel electrode 3 is the drain voltage Vd (on) at the time
when the TFT 16 is in the on state. Accordingly, the writing
voltage is Vp=a, and this voltage is held even if the TFT 16 is
in the off state. The drain voltage Vd (off) applied to the drain
bus line 6 while the writing voltage Vp is held is the pulse
repeated at a predetermined frequency and having the maxi-
mum amplitude of'b V. A time in which the TFT 16 is in the on
state is very short, and a time in which the TFT 16 is in the off
state other than that occupies the most part, and further, since
the drain voltage Vd (off) applied to the drain bus line 6 is
higher than the writing voltage Vp applied to the pixel elec-
trode 3, the influence of horizontal electric field generated at
the end portion of the pixel electrode 3 can be made small. By
this, the width of the dark portion X1 generated at the end
portion of the pixel electrode 3 and memorized at the poly-
merization can be made small.

[0335] Hereinafter, the liquid crystal display according to
this embodiment and the method of manufacturing the same
will be specifically described using examples.

Example 8-1

[0336] FIG. 71 shows a driving waveform of a liquid crystal
display according to this example. A pixel pitch (in the lon-
gitudinal direction of a pixel) in the extension direction of a
drain bus line 6 having a width of 5 pm is 200 um. On the other
hand, a pixel pitch in the extension direction of a gate bus line
4 having a width of 5 pm is 70 pm. The end portion of a pixel
electrode 3 is located at a position 3 um away from the end
portion of the drain bus line 6 or the end portion of the gate bus
line 4. The pixel electrode 3 is made of ITO (Indium Tin
Oxide) and is connected to a source electrode of a TFT.
[0337] A black matrix (BM) having a width of 11 um is
provided on the side of an opposite substrate at a pitch of 200
um in a vertical direction and 70 pm in a horizontal direction.
On the BM, a common electrode made of ITO is provided on
almost the whole surface of the substrate. Alignment films are
formed on the array substrate and the opposite substrate. This
alignment film has a vertical alignment property, and a tilt
vertical alignment property is given by rubbing the surface of
the alignment film.
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[0338] The array substrate and the opposite substrate are
bonded to each other so that a liquid crystal panel is fabri-
cated. A liquid crystal mixed with monomers for polymer
fixation is injected into this liquid crystal panel and is sealed.

[0339] Under the following procedures, voltage is applied
to the liquid crystal panel in which the liquid crystal has been
injected.

[0340] (1) A gate voltage Vg (on) of a frequency of 60 Hz is
applied to the gate bus line 4 as a pulse so that the TFT 16
becomes in the on state. The gate voltage is Vg (on)=c=18 V.
An application time of the gate voltage Vg (on) is 0.1 ms, and
only one pulse is applied in one frame. A frame frequency is
made 16.7 ms, and the gate voltage is made Vg (off)=-5V in
16.7-0.1=16.6 ms. Incidentally, setting is made such that the
gate voltages Vg (on) and (off) are applied to all the gate bus
lines 4 at the same time.

[0341] (2) A drain voltage Vd (on)=+5V is applied to the
drain bus line 6 at the timing when the gate voltage Vg
(on)=18 V is applied to the gate bus line 4, and at timing other
than that, a drain voltage Vd (off)=+8 V is applied.

[0342] A time in which the drain voltage Vd (on) is applied
to the drain bus line 6 is made equal to or rather longer than the
time in which the gate voltage Vg (on) at which the TFT 16
becomes in the on state is applied. In this example, the drain
voltage Vd (on) has a pulse width of at least 0.1 ms.

[0343] (3) A direct-current voltage corresponding to the
center of the amplitude of the drain voltage Vd (on) is applied
to the common voltage Vc. In this example, the common
voltage Ve=0V.

[0344] An applied waveform becomes a waveform as
shown in FIG. 71. A writing voltage Vp=+5V is applied to the
pixel electrode 3 at a frequency of 30 Hz and is held until a
next writing voltage is applied. On the other hand, at a time
other than the time in which the TFT 16 is in the on state, the
drain voltage Vd (off)=+8 V is applied to the drain bus line 6.

[0345] By this, itis possible to form such a situation that the
voltage applied to the drain bus line 6 is always higher than
the voltage applied to the pixel electrode 3. In the state where
the voltages are applied to the respective electrodes under the
above voltage application conditions, ultraviolet rays are irra-
diated to the liquid crystal layer to polymerize the photo-
polymerizable component in the liquid crystal. After the
photo-polymerizable component is polymerized, the pretilt
angle of the liquid crystal molecule in the liquid crystal layer
and/or the alignment direction is regulated even at the time of
no voltage application. Thus, the dark portion X1 is not
extended even by the driving voltage at an image display, and
the MVA-LCD having high luminance can be realized.

[0346] FIGS. 72A and 72B show a state in which two
adjacent pixels 2 according to this example are viewed in the
direction of a normal of a substrate surface. FIG. 72A shows
the side of the array substrate on which the TFT 16 according
to this example is formed. FIG. 72B shows a display state of
the pixel 2 observed through the black matrix (BM) of a light
shielding film provided on the side of the opposite substrate.
As shown in FIG. 72A, the predetermined voltages are
applied to the gate bus line 4 and the drain bus line 6 and even
if the horizontal electric fields are generated between the end
portion of the pixel electrode 3 and the respective bus lines 4
and 6, the liquid crystal molecules 24a at the end portion of
the pixel electrode 3 do not tilt in the direction perpendicular
to the extension directions of the respective bus lines 4 and 6
by alignment regulation of polymers. Thus, as shown in FIG.
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72B, the width of the dark portion X1 generated at the end
portion of the pixel electrode 3 along the drain bus line 6 can
be reduced.

Example 8-2

[0347] This example will be described with reference to
FIG. 73. This example is characterized in that a drain voltage
Vd (off) applied to the drain bus line 6 is made a direct-current
voltage instead of an alternating rectangular voltage as in the
example 8-1. As shown in FIG. 73, a pulse voltage of a drain
voltage Vd (on)=+5V is applied at the timing of a gate voltage
Vg (on) at which the TFT 16 is in the on state, and at timing
other than that, the drain voltage Vd (off)=+8 V is applied.
[0348] Ultraviolet rays are irradiated to the liquid crystal
layer under the conditions while the voltage is applied, so that
the photo-polymerizable component in the liquid crystal is
polymerized. Also by this example, since the photo-polymer-
izable component in the liquid crystal can be polymerized in
the state where the dark portion X1 at the end portion of the
pixel electrode 3 along the drain bus line 6 is made small, it
becomes possible to fabricate the liquid crystal panel having
high luminance in which the dark portion X1 is not generated
even at the time of driving in a normal display mode.

Comparative Example 8-1

[0349] FIG. 74 shows a conventional voltage driving wave-
form as a comparative example. As shown in FIG. 74, since
the relation of voltages is conventionally drain voltage Vd
(on)=drain voltage Vd (off)=writing voltage Vp, the dark
portion X1 is generated by the influence of the horizontal
electric field generated between the drain bus line 6 and the
end portion of the pixel electrode 3.

[0350] FIG.75isa graphin which the drain voltage Vd (off)
is taken for the horizontal axis, and the luminance ratio is
taken for the vertical axis. Here, the luminance ratio is made
1 in the case where the drain voltage Vd (off) and the writing
voltage Vp have the same potential.

[0351] Asis apparent from FIG. 75, when the drain voltage
is Vd (off)=+8 V and the writing voltage Vp=+5 V of the
above example, the luminance ratio exceeding 1.1 is
obtained, and the dark portion X1 is sufficiently decreased.
[0352] Besides, it is understood that when the gate voltage
Vd (on)=writing voltage Vp is 5 V or higher, a remarkable
effect is obtained. Besides, when the intensity of the voltage
of the writing voltage Vp and the drain voltage Vd (off) is 2V
or higher, a remarkable effect is obtained.

Ninth Embodiment

[0353] Next, a liquid crystal display according to a ninth
embodiment of the present invention and a method of manu-
facturing the same will be described with reference to FIGS.
76 to 83. This embodiment relates to the liquid crystal display
in which a liquid crystal composite containing a photo-poly-
merizable component is sandwiched between substrates, the
photo-polymerizable component is photo-polymerized while
a voltage is applied to the liquid crystal composite, and the
liquid crystal alignment is fixed by this.

[0354] Inaconventional liquid crystal display device,a TN
mode in which liquid crystals of horizontal alignment are
twisted between upper and lower substrates is the main cur-
rent, however, since the tilt angle of the liquid crystal is
different according to an observation orientation, that is, an
angle of view, gradation inversion occurs at a specific angle of
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view and at a halftone. Then, a technique called an MVA
mode is realized in which liquid crystal of vertical alignment
is tilted in symmetrical orientations to perform compensation
ofa visual angle. In the MVA mode, by forming an alignment
regulating structural member made of dielectric or insulator
on an electrode, an oblique electric field is formed in the
liquid crystal layer at the time of voltage application, and the
liquid crystal is tilted in the predetermined tilt orientation by
this oblique electric field.

[0355] However, since the voltage applied to the liquid
crystal on the alignment regulating structural member is
attenuated or becomes zero, the transmissivity per pixel
becomes low. In order to ensure the transmissivity, an occu-
pied ratio of the alignment regulating structural member has
only to be made low, and for example, a gap between adjacent
alignment regulating structural members has only to be made
wide. However, if the gap between the alignment regulating
structural members is made wide, there arises a problem that
it takes a time to tilt the liquid crystal at the center portion of
the gap, and a response time when a halftone is display
becomes long.

[0356] Then, a liquid crystal alignment fixation technique
has been proposed in which a liquid crystal composite con-
taining a photo-polymerizable component is sandwiched
between substrates, the photo-polymerizable component is
photo-polymerized to form a cross-linking structure corre-
sponding to the alignment of liquid crystal while a voltage is
applied, and the liquid crystal alignment is fixed. By this, the
response time can be shortened while the transmissivity is
ensured.

[0357] FIG. 76 shows a schematic construction of a liquid
crystal display using the above alignment fixation technique.
FIG. 76 shows a part of an upper surface of an active matrix
type liquid crystal display panel using TFTs as switching
elements, viewed from the side of a color filter substrate. As
shown in FIG. 76, in a liquid crystal panel 100, a plurality of
pixel regions 114 arranged in a matrix form are formed on the
side of an array substrate 116, and a TFT 112 is formed in
each of pixel regions 114. A display region 110 of an image is
constituted by the plurality of pixel regions 114. Incidentally,
although detailed illustration is omitted, a gate electrode of
the TFT 112 of each of the pixel regions 114 is connected to
a gate bus line, and a drain electrode is connected to a drain
bus line (data line). A source electrode of the TFT 112 is
connected to a pixel electrode formed in the pixel region 114.
The plurality of drain bus lines and gate bus lines are con-
nected to a terminal portion 102 formed at the outer periphery
of the array substrate 116 and are connected to a driving
circuit (not shown) provided at the outside.

[0358] A color filter (CF) substrate 104 formed to be
smaller than the array substrate 116 by a rough size of aregion
of the terminal portion 102 seals liquid crystal to have a
predetermined cell thickness (cell gap) and is provided oppo-
site to the array substrate 116. Together with a common
electrode (common electrode; not shown), color filters (indi-
cated by characters of R (Red), G (Green), and B (Blue) in the
drawing), BM (black Matrix; light shielding film) 108 and
118 using Cr (chromium film) films etc., and the like are
formed on the CF substrate 104. The BM 118 is used for
attaining a contrast by defining the plurality of pixel regions
114 in the display region 110 and for preventing the genera-
tion of photoelectric leak current by shading the TFTs 112.
Besides, the BM frame portion 108 is provided to shade the
unnecessary light from the outside of the display region 110.
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The array substrate 116 and the CF substrate 104 are bonded
to each other through a main seal (sealing agent) 106 made of
photo-curing resin.

[0359] Incidentally, a manufacturing process of a liquid
crystal display roughly includes an array process for forming
a wiring pattern, switching elements (in the case of an active
matrix type), and the like on a glass substrate, a cell process
for an alignment processing, an arrangement of a spacer, and
sealing of liquid crystal between opposite glass substrates,
and a module process for attachnient of a driver IC, mounting
of'abacklight, and the like. Among them, in the liquid crystal
injection process performed in the cell process, for example,
a dip injection method is used in which after the array sub-
strate 116 including the TFTs 112, and the color filter sub-
strate 104 opposite to that are bonded to each other through
the main seal 106, liquid crystal and the substrates are put in
a vacuum vessel, and an injection port (not shown) formed in
the main seal 106 is immersed in the liquid crystal, and then,
the inside pressure of the vessel is returned to the atmospheric
pressure to thereby seal the liquid crystal between the sub-
strates.

[0360] On the other hand, in recent years, attention has
been paid to a dropping injection method in which for
example, a prescribed amount of liquid crystal is dropped
onto a substrate surface in a frame of the main seal 106 formed
into a frame shape around the array substrate 116, and the
array substrate 116 and the CF substrate 104 are bonded to
each other in vacuum to seal the liquid crystal. According to
the dropping injection method, since the display panel 100 of
the liquid crystal display can be manufactured easily and at
low cost, various technical investigations and improvements
have been carried out.

[0361] Intheliquid crystal display using such a liquid crys-
tal alignment fixation technique, there is a problem concern-
ing unevenness of display in the vicinity of the injection port
formed in the main seal 106 in the case of using the dip
injection method. Also in the case where a similar liquid
crystal display is manufactured using the dropping injection
method, unevenness of display occurs in the vicinity of the
main seal 106.

[0362] FIG. 77 is a view for explaining a problem in the
case where a sealing agent made of photo-curing resin is used
for a liquid crystal injection portion, which is used in the
conventional dip injection method. As shown in FIG. 77,
when a light 122 having a wavelength range from an ultra-
violet range to a visible light range is irradiated to a sealing
agent 126 of an injection port 120, a light 123 transmitted
through the sealing agent 126 enters a liquid crystal layer 24.
Photo-polymerizable components dispersed in the liquid
crystal layer 24 are photo-polymerized by the light 123 trans-
mitted through the sealing agent 126 and an uneven display
region 128 is produced near the injection port 120.

[0363] FIG. 78 is a view for explaining a problem in the
case where a main seal made of photo-curing resin used in the
conventional dropping injection method is used. Even if a
light 124 having a wavelength range from an ultraviolet ray
range to visible light range is incident from the direction of a
normal of a substrate surface, a partial light 125 is reflected by
an array substrate 116 and enters a display region 110 to
photo-polymerize photo-polymerizable components in the
vicinity of the main seal 106, and an uneven display region
128 is produced.

[0364] As shown in FIGS. 77 and 78, the light irradiated to
the sealing agent 126 for sealing the injection port 120 or to
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the main seal 106 enters the display region 110, so that the
photo-polymerizable components are photo-polymerized
before voltage application.

[0365] That is, although the photo-polymerizable compo-
nents dispersed in the liquid crystal layer 24 form a cross-
linking structure corresponding to the liquid crystal align-
ment by photopolymerization, since the photo-polymerizable
components in the vicinity of the injection port 120 or in the
vicinity of the main seal 106 form a cross-linking structure in
the vertical direction, even if a voltage is applied, the liquid
crystal molecules become hard to incline. There is no prob-
lem if the sealing agent 126 or the main seal 106 can be
photo-cured in the state where the voltage is applied to the
liquid crystal layer 24, however, since a manufacturing appa-
ratus and a manufacturing process become complicated, it is
not realistic.

[0366] Inorder to solve this, in this embodiment, the above
problem is solved by means described below.

[0367] (1) A resin which can be photo-cured by a light in a
range other than the photopolymerization wavelength range
ofthe photo-polymerizable component is used for the sealing
agent 126 or the main seal 106. If the sealing agent 126 or the
main seal 106 can be cured by the light in the range other than
the wavelength range in which the photo-polymerizable com-
ponent is photo-polymerized, the above disadvantage does
not occur.

[0368] Japanese Patent Unexamined Publication No. Hei.
11-2825 discloses such a manufacturing method that a seal-
ing agent is irradiated with light in which a specified wave-
length exerting a bad influence on liquid crystal is removed.
However, this embodiment has an object not to photo-poly-
merize the photo-polymerizable components dispersed in the
liquid crystal at the process for curing the sealing agent 126 or
the main seal 106, and is different from the well-known
technique in that if the specified wavelength exerting a bad
influence on the liquid crystal is such a wavelength that the
photo-polymerizable components dispersed in the liquid
crystal are not photo-polymerized, and the sealing agent 126
or the main seal 106 is photo-cured, the light of the specified
wavelength is also irradiated.

[0369] (2) A resin which can be photo-cured by a light
having an intensity peak in a range other than the photopoly-
merization wavelength range of the photo-polymerizable
component is used for the sealing agent 126 or the main seal
106. Even in the resin partially requiring the light in the
photopolymerization wavelength range of the photo-poly-
merizable component for photopolymerization, if the photo-
curing wavelength range other than that is sufficiently wide,
only the sealing agent 126 or the main seal 106 can be cured
using the light having the intensity peak in the range other
than the photopolymerization wavelength range of the photo-
polymerizable component. That is, even if the photopolymer-
ization wavelength range of the photo-polymerizable compo-
nent is partially included in the irradiation light, if the
accumulation amount of light in terms of the photopolymer-
ization wavelength range of the photo-polymerizable compo-
nent is lowered than the accumulation amount of light neces-
sary for photopolymerization, the photo-polymerizable
component is not photo-polymerized. Thus, it becomes pos-
sible to cure only the sealing agent 126 or the main seal 106 by
the light having the intensity peak in the range other than the
wavelength range in which the photo-polymerizable compo-
nent is photo-polymerized.
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[0370] (3) Thephoto-curing resin used for the sealing agent
126 or the main seal 106 is made to have a wavelength range
of photo-curing longer than at least the photo-polymerizable
component. The photo-curing wavelength range depends on
the light absorption characteristics of a photoinitiator. Thus, if
the absorption wavelength of the photoinitiator contained in
the photo-curing resin is on the side of a longer wavelength
than at least that of the photoinitiator contained in the photo-
polymerizable component, the light on the side of the longer
wavelength than the wavelength range in which the photo-
polymerizable component is photo-polymerized is irradiated
through a filter for blocking (cutting) a short wavelength side,
and only the sealing agent or the main seal can be cured.
[0371] The reason why the long wavelength side, not the
short wavelength side, is selected is that since many photo-
initiators have light absorption ranges on the short wave-
length side, if the short wavelength side is selected, it
becomes difficult to distinguish between the photo-curing
resin and the photo-polymerizable component, and if the light
of the short wavelength side is irradiated, a bad influence on
the liquid crystal becomes high.

[0372] (4) Alight shielding structural member which hardly
allows light to pass through is arranged in a region near the
injection port and outside the display region. By this, even if
light is irradiated to the injection port from the direction
parallel to the substrate surface, the light entering the display
region is blocked by the light shielding structural member, so
that only the sealing agent can be cured irrespective of the
wavelength range of irradiation or the used resin.

[0373] (5) Alight attenuation structural member for attenu-
ating light to a level not higher than a light amount at which
the photo-polymerizable component is photo-polymerized is
arranged in a region near the injection port and outside the
display region. Even if the shielding structural member
hardly transmitting light is not used, if the light attenuation
structural member is used which attenuates light to the value
not higher than the light amount in which the photo-polymer-
izable component is photo-polymerized, even if the light is
irradiated to the injection port from the direction parallel to
the substrate surface, the light entering the display region is
attenuated by the light attenuation structural member to the
value not higher than the light amount in which the photo-
polymerizable component is polymerized. Thus, only the
sealing agent can be cured irrespective of the wavelength
range of irradiation or the used resin.

[0374] (6) The above light shielding structural member or
the light attenuation structural member is made an aggrega-
tion made of plural structural members each having a plane
shape of a line or an almost circular form, and the structural
members are alternately formed so that the liquid crystal
composite of the display region is not exposed when viewed
in the direction parallel to the substrate surface. If the struc-
tural member is separately formed, it obstructs the injection
of liquid crystal, however, by adopting the foregoing con-
struction, the effect equivalent to the case where the structural
member is separately formed can be expected while the flow
path of the liquid crystal is ensured.

[0375] By using the foregoing construction, in the liquid
crystal display in which the liquid crystal alignment is fixed
by photo-polymerizing the photo-polymerizable components
dispersed in the liquid crystal while the voltage is applied, the
occurrence of the unevenness of display in the vicinity of the
injection port or in the vicinity of the main seal is prevented,
and the high display quality can be obtained.
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[0376] Hereinafter, the liquid crystal display according to
this embodiment and the method of manufacturing the same
will be specifically described using examples and compara-
tive examples.

Example 9-1

[0377] An acrylic photo-polymerizable component (made
by Merck Japan Corporation) of 0.3 wt % exhibiting a nem-
atic liquid crystal property was mixed into a negative liquid
crystal (made by Merck Japan Corporation), so that a liquid
crystal composite containing the photo-polymerizable com-
ponent was obtained. When a light absorption spectrum of
this liquid crystal composite was measured, it was found that
as shown in FIG. 79, there was a wavelength range of approxi-
mately 200 to 380 nm (range indicated by a bilateral arrow a1
of FIG. 79) in which photopolymerization occurred. Inciden-
tally, although the light absorption spectrum of the liquid
crystal single body was also measured, absorption by the
liquid crystal was roughly 300 nm or less, and it was under-
stood that absorption at 300 nm or higher was caused by the
photo-polymerizable component.

[0378] Then, an acrylic resin (made by Toua Gosei Corpo-
ration) containing a photoinitiator activated by light of a wide
wavelength range including a visible light range was selected
as a resin having a photo-curing wavelength range at the side
of'a longer wavelength than at least 380 nm, and was used for
the sealing agent 126. When the absorption spectrum of this
resin was measured, as shown in FIG. 80, a wavelength range
(range indicated by a bilateral arrows a2 of FIG. 80) existed
in a range of approximately 200 to 600 nm, and since the
wavelength range of 380 nm or longer was sufficiently wide,
it was found that photo-curing can be made by the light of 380
nm or longer.

[0379] The liquid crystal composite was injected into an
empty panel of the MVA mode, and pressure extrusion was
performed to make the cell thickness uniform. Subsequently,
the sealing agent 126 was coated on the injection port, and
after the pressurization was removed, light of a wavelength
range of 380 to 600 nm was irradiated from the direction
parallel to the substrate and the sealing agent 126 was cured.
Incidentally, the selection of the wavelength range was per-
formed with a metal halide optical source and a filter (made
by Asahi Bunko Corporation) for cutting a wavelength of 380
nm or less.

[0380] After the panel was formed, while a voltage not
lower than the saturation voltage at which the tilt orientation
of the liquid crystal was fixed was applied, ultraviolet rays
were irradiated to the photo-polymerizable component from
the direction of a normal of a substrate, and a cross-linking
structure corresponding to the liquid crystal alignment was
formed. The obtained liquid crystal display was set in a prober
tester and a display test was performed.

Example 9-2

[0381] A liquid crystal composite containing a photo-po-
lymerizable component was obtained by a similar method to
the example 9-1. As a resin including a photo-curing wave-
length range at the side of a longer wavelength than at least
380 nm, one similar to the example 9-1 was used for a main
seal.

[0382] A frame pattern (main seal 106) closed by a sealing
agent was formed on a substrate on which an alignment
regulating structural member for the MVA was formed, a
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necessary amount of liquid crystal was dropped by a dropping
injection method, and bonding of substrates was performed
under a reduced pressure. Subsequently, the substrates were
exposed to the atmospheric pressure and the liquid crystal
composite was diffused in the main seal 106, so that a prede-
termined cell gap was obtained. Then, the light of the wave-
length range of 380 to 600 nm was irradiated through a color
filter substrate in the direction of a normal of a substrate
surface to cure the main seal 106. Incidentally, the selection of
the wavelength range was performed with a metal halide light
source and a filter (made by Asahi Bunko Corporation) for
cutting the wavelength of 380 nm or less.

[0383] After the panel was formed, while a voltage not
lower than the saturation voltage at which the tilt orientation
of the liquid crystal was fixed was applied, ultraviolet rays
were irradiated to the photo-polymerizable component in the
direction of a normal of a substrate surface, and a cross-
linking structure corresponding to the liquid crystal align-
ment was formed. The obtained liquid crystal display was set
in a prober tester and a display test was carried out.

Example 9-3

[0384] A liquid crystal composite containing a photo-po-
lymerizable component was obtained by a similar method to
the example 9-1. An acrylic resin (made by Three Bond
Corporation) containing a photoinitiator activated by light of
a wavelength range including a part of a visible light range
was selected as a resin having a wavelength range of photo-
polymerization on the side of a longer wavelength than at
least 380 nm, and was used for a sealing agent. When the
absorption spectrum of this resin was measured, as shown by
a curved line 1 of FIG. 81, a wavelength range (range indi-
cated by a bilateral arrow a3 of FIG. 81) of photopolymer-
ization existed at approximately 200 to 450 nm, and since the
wavelength range of 380 nm or longer was not very wide
(range indicated by a bilateral arrow a4 of FIG. 81), it was
found that a part of light of'a wavelength range not longer than
380 nm was also necessary. Incidentally, as indicated by a
curved line 2, a general photo-curing resin has a wavelength
range of photopolymerization from approximately 200 to 380
nm, and contains a photoinitiator activated by only light of an
ultraviolet ray region.

[0385] The liquid crystal composite was injected into an
empty panel of the MVA mode, and pressure extrusion was
carried out to make the cell thickness uniform. Subsequently,
a sealing agent was coated on an injection port, and after the
pressurization was removed, light of a wavelength range
(range indicated by a bilateral arrow o5 of FIG. 81) of 350 to
600 nm was irradiated from the direction parallel to the sub-
strate and the sealing agent was cured. Since the photo-poly-
merizable components dispersed in the liquid crystal are
photo-polymerized when an accumulation amount of light in
the vicinity of the i line (330 to 380 nm) becomes 1000
mJ/ecm? or higher, the amount of irradiation light was set such
that the accumulation amount of light in the wavelength range
of 350 to 380 nm became this value or less. The selection of
the wavelength range was carried out with a high pressure
mercury light source and a filter (made by Asahi Bunko
Corporation) for cutting a wavelength of 350 nm or less. A
wavelength at which the intensity has a peak becomes 436 nm
from 365 nm by this filter, and the accumulation amount of
light in the vicinity of the i line is attenuated to approximately
Y5. Although the amount of light by which the photo-curing
resin is photo-cured is 2000 mJ/cm? in the accumulation
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amount of light of the wavelength range of 350 to 600 nm,
since the accumulation amount of light in the vicinity of the i
line becomes 1000 mJ/cm? or less by the filter, it has been
found that only the sealing agent can be cured.

[0386] After the panel was formed, while a voltage not
lower than the saturation voltage at which the tilt orientation
of the liquid crystal was fixed was applied, ultraviolet rays
were irradiated to the photo-polymerizable component from
the direction of a normal of a substrate surface, and a cross-
linking structure was formed. The obtained liquid crystal
display was set in a prober tester and a display test was carried
out.

Example 9-4

[0387] A liquid crystal composite containing a photo-po-
lymerizable component was obtained by a similar method to
the example 9-1. As a sealing agent, the foregoing general
photo-curing resin (made by Three Bond Corporation) was
used in which an accumulation amount of light necessary for
curing was 2000 mJ in terms of the i line. In an empty panel
of an MVA-LCD prior to sealing of liquid crystal, as shown in
FIGS. 82A and 82B (FIG. 82A shows a state viewed in the
direction of a normal of a substrate surface, and FIG. 82B
shows a state viewed in the direction of the substrate surface),
a light shielding structural member 130 which was almost
opaque to light was formed in the vicinity of an injection port
and a region outside a display region. The light shielding
structural member 130 was made an aggregate constituted by
plural structural members each having a plane shape of a
substantially circular form, and they were alternately
arranged so that the liquid crystal composite of a display
region 110 was not exposed when viewed in the direction
parallel to the substrate surface. The structural members were
formed by dotting a seal agent (made by Kyoritsu Chemical
Corporation) mixed with a black spacer (Sekisui Fine Chemi-
cal Corporation) by a seal dispenser.

[0388] The liquid crystal composite was injected into this
empty panel, and pressure extrusion was carried out to make
the cell gap uniform. Subsequently, the sealing agent was
coated on the injection port, and after the pressurization was
removed, light of a wavelength range of 200 to 600 nm was
irradiated from the direction parallel to the substrate to cure
the sealing agent. In this example 9-4, the light from a high
pressure mercury light source was irradiated as it was.
[0389] After the panel was formed, while the voltage not
lower than the saturation voltage at which the tilt orientation
of liquid crystal was fixed was applied, ultraviolet rays were
irradiated to the photo-polymerizable component in the direc-
tion of a normal of a substrate, and a cross-linking structure
corresponding to the liquid crystal alignment was formed.
The obtained liquid crystal display was set in a prober tester,
and a display test was carried out.

Example 9-5

[0390] A liquid crystal composite containing a photo-po-
lymerizable component was obtained by a method similar to
the example 9-1. The foregoing general photo-curing resin
was used as a sealing agent. In an empty panel of the MVA
mode, as shown in FIG. 83, a light attenuation structural
member 132 for attenuating light to a level not higher than an
amount of light at which the photo-polymerizable component
was photo-polymerized was formed in the vicinity of an
injection port 120 and in a region outside a display region.
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The light attenuation structural member 132 was made an
aggregate constituted by plural structural members each hav-
ing a plane shape of a line, and they were alternately arranged
so that the liquid crystal composite of a display region 110
was not exposed when viewed in the direction parallel to the
substrate surface. The light attenuation structural member
132 was formed by bundling a main seal and a sealing agent
mixed with a fiber spacer (made by Nippon Electric Glass
Corporation/spacer mixed as a gap agent of a main seal) by a
seal dispenser. Since the width of the structural member is
about 1 mm, the above seal agent of a thickness of 1 mm was
coated on the glass, light of a wavelength range of 200 to 600
nm was irradiated, and the level of attenuation of the accu-
mulation amount of light in the vicinity of the i line was
measured. As a result, since the accumulation amount of light
in the vicinity of the i line is attenuated to ¥4 by the above seal
agent, it has been found that even if the light of the wavelength
range of 200 to 600 nm is irradiated, only the sealing agent
can be cured ifirradiation is performed through the seal agent.
[0391] The liquid crystal composite was injected into this
empty panel and pressure extrusion was carried out to make
the cell thickness uniform. Subsequently, the sealing agent
(not shown) was coated on an injection port 120, and after
pressurization was removed, light of a wavelength range of
200 to 600 nm was irradiated from the direction parallel to the
substrate to cure the sealing agent. In the example 4, the light
from a high pressure mercury light source was irradiated as it
was.

[0392] After the panel was formed, while a voltage not
lower than the saturation voltage at which the tilt orientation
of liquid crystal was fixed was applied, ultraviolet rays were
irradiated to the component from the direction of a normal of
a substrate, and a cross-linking structure corresponding to the
liquid crystal alignment was formed. The obtained liquid
crystal display was set in a prober tester and a display test was
carried out.

Conventional Example 9-1

[0393] A liquid crystal composite containing a photo-po-
lymerizable component was obtained by a method similar to
the example 9-1. The foregoing general photo-curing resin
was used as a sealing agent. In an empty panel of an MVA
mode, anything was not formed in the vicinity of an injection
port. The liquid crystal composite was injected into this
empty panel, and pressure extrusion was carried out to make
the cell thickness uniform. Subsequently, the sealing agent
was coated on the injection port, and after pressurization was
removed, light of a wavelength range of 200 to 600 nm was
irradiated from the direction parallel to the substrate to cure
the sealing agent. In this conventional example 9-1, the light
from a high pressure mercury light source was irradiated as it
was.

[0394] After the panel was formed, while a voltage not
lower than the saturation voltage at which the tilt orientation
of the liquid crystal was fixed was applied, ultraviolet rays
were irradiated to the component from the direction of a
normal of the substrate, and a cross-linking structure corre-
sponding to the liquid crystal alignment was formed. The
obtained liquid crystal display was set in a prober tester and a
display test was carried out.

Conventional Example 9-2

[0395] A liquid crystal composite containing a photo-po-
lymerizable component was obtained by a method similar to
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the example 9-1. An epoxy resin (made by Kyoritsu Chemical
Corporation) containing a photoinitiator activated by only
light of an ultraviolet ray region was used for a main seal.
[0396] A frame pattern closed by the main seal was formed
on a substrate in which an alignment control member for the
MVA was formed, a necessary amount of liquid crystal was
dropped, and bonding of substrates was carried out under a
reduced pressure. Subsequently, a gap was ensured by the
opening to the atmosphere, and the liquid crystal composite
was diffused in the frame pattern. Then, light of a wavelength
range of 200 to 600 nm was irradiated through a CF substrate
from the direction vertical to the substrate and the main seal
was cured. In this conventional example 9-2, the light from a
high pressure mercury light source was irradiated as it was.
[0397] After the panel was formed, while a voltage not
lower than the saturation voltage at which the tilt orientation
of the liquid crystal was fixed was applied, ultraviolet rays
were irradiated to the photo-polymerizable component from
the direction of a normal of the substrate, and a cross-linking
structure corresponding to a liquid crystal alignment was
formed. The obtained liquid crystal display was set in a prober
tester and a display test was carried out.
[0398] [Results of Display Test]
[0399] In the liquid crystal displays of the examples 9-1 to
9-5, unevenness of display did not occur at a halftone display,
whereas in the conventional examples 9-1 and 9-2, uneven-
ness of display occurred in the vicinity of the injection port or
the main seal.
[0400] As described above, according to this embodiment,
in the liquid crystal display adopting the alignment fixation
system in which the liquid crystal composite containing the
photo-polymerizable component is sandwiched between the
substrates, and the photo-polymerizable component is photo-
polymerized while a voltage is applied to the liquid crystal
composite, it can be manufactured at a high yield while dis-
play quality is improved.
[0401] As described above, according to the present inven-
tion, the alignment orientation of the liquid crystal is regu-
lated by using the polymer fixing method, and a wide angle of
view is obtained, and further, a response time at a halftone can
be shortened, so that excellent display quality can be
obtained.
What is claimed is:
1. A liquid crystal display comprising:
two substrates arranged opposite to each other;
a liquid crystal sealed between the substrates; and
a polymer layer for regulating a pretilt angle of liquid
crystal molecules and/or tilt directions at a time of driv-
ng;
one of the substrates having a color filter layer formed on a
side of the one substrate, and
a plurality of stripe-like electrode patterns provided on the
color filter layer, the patterns being periodically
arranged so that when polymerizable components mixed
in the liquid crystal layer are polymerized to form the
polymer layer while a voltage is applied to the liquid
crystal layer between the electrode patterns and a second
electrode on the other substrate, liquid crystal molecules
in the liquid crystal layer are aligned in the extending
directions of stripe-like electrode patterns.
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2. A liquid crystal display according to claim 1, wherein the
polymerizable components are polymerized by light and/or
heat.

3. Aliquid crystal display according to claim 2, wherein the
polymerizable components are mesomorphism or non-me-
sogenic monomer.

4. A liquid crystal display according to claim 2, wherein the
polymerizable components are bifunctional acrylate or a mix-
ture of bifunctional acrylate and monofunctional acrylate.

5. A liquid crystal display according to claim 2, wherein the
polymerizable components are photo-polymerized to form a
cross-linking structure corresponding to the alignment of lig-
uid crystal molecules.

6. A liquid crystal display according to claim 1, wherein the
liquid crystal molecules have a negative dielectric anisotropy.

7.Aliquid crystal display according to claim 1, wherein the
pretilt angle of liquid crystal molecules is 1 degree to 5
degrees when measured from a normal of the substrate sur-
face.

8. A liquid crystal display according to claim 1, wherein the
plurality of stripe-like electrodes are formed to extend in four
directions of upper right, lower right, upper left, and lower left
from the center portion of the pixel.

9. A liquid crystal display according to claim 1, wherein the
electrode width of the stripe-like electrodes is equal to the
width of the space of the stripe-like electrodes.

10. A liquid crystal display according to claim 1, wherein
columnar spacers are formed between the two substrates.

11. A liquid crystal display according to claim 10, wherein
columnar spacers are formed by partially stacking two or
three layers of color filter formation material.

12. A liquid crystal display according to claim 1, wherein
the two substrates are bonded to each other through a sealing
agent made of photo-curing resin.

13. A liquid crystal display according to claim 12, wherein
the resin for the sealing agent is photo-cured by a light in a
range other than the photopolymerization wavelength range
of the polymerizable components mixed in the liquid crystal
layer.

14. A liquid crystal display according to claim 12, wherein
the resin for the sealing agent has a wavelength range of
photo-curing longer than at least the polymerizable compo-
nents mixed in the liquid crystal layer has.

15. A liquid crystal display according to claim 1, wherein
the liquid crystal molecules mixed with the polymerizable
components are provided onto one of the substrates by a
dropping injection method.

16. A liquid crystal display according to claim 1, wherein
two polarizing plates bonded to both surfaces of the liquid
crystal display panel are arranged in cross Nicols, in which
the directions of the polarization axes of the two polarization
plates are tilted by 45 degrees with respect to the alignment
directions of liquid crystal molecules.

17. A liquid crystal display according to claim 16, wherein
the polarizing plates are circular polarizers.

18. A liquid crystal display according to claim 1, compris-
ing an insulating film between the color filter layer and the
side of the one substrate.
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