US 20100066964A1

12 Patent Application Publication (o) Pub. No.: US 2010/0066964 A1

a9y United States

Takatori et al,

(43) Pub, Date: Mar, 18, 2010

(54) LIQUID CRYSTAL DISPLAY AND METHOD
OF MANUFACTURING THE SAME AND
METHOD OF DRIVING THE SAME

(76) Inventors: Ken-Ichi Takatori, Tokyo (IP);

Masayoshi Suzuki, Tokyo (JP);

Toshiya Ishii, Tokyo (JP); Teruaki

Suzuki, Tokyo (JP); Hiroshi

Kanoh, Tokyo (JP); Ken

Sumiyoshi, Tokyo (JP); Michiaki

Sakamoto, Tokyo (JP); Mamoru

Okamoto, Tokyo (JP); Yuji

Yamamoto, Tokyo (IP); Hiroaki

Matsuyama, Tokyo (JP); Kiyomi

Kawada, Tokyo (JP); Seiji Suzuki,

Tokyo (JP); Yoshihiko Hirai, Tokyo

(P)

Correspondence Address:

MICHAEL BEST & FRIEDRICH LLP

Two Prudential Plaza, 180 North Stetson Avenue,
Suite 2000

CHICAGO, IL 60601 (US)

(21) Appl.No.:  12/565328

(22) Filed: Sep. 23, 2009

Related U.S. Application Data

(60) Continuation of application No. 11/692.761, filed on
Mar. 28, 2007, now Pat. No. 7,612,848, which is a
continuation of application No. 10/948,614, filed on

—

Sep. 23, 2004, now Pat. No. 7,212,270, which is a
division of application No. 10/252,982, filed on Sep.
23, 2002, now Pat. No. 6,812,986, which is a division
of application No. 09/593,119, filed on Jun. 13, 2000,
now Pat. No. 6,504,592.

(30) Foreign Application Priority Data
Jun. 16, 1999 (JP) 169753/1999
Jun. 18,1999  (IP) 173004/1999
Jan. 12,2000 (JP) oo, 003435/2000
Publication Classification
(51) Imt.ClL
GO2F 1/1343 (2006.01)
(52) US.CL oo 349/139
(57 ABSTRACT

A liquid crystal display having a wide viewing angle and
easily manufactured. The liquid crystal display comprises an
upper substrate and a lower substrate, and a liquid crystal
material disposed between the upper substrate and the lower
substrate. The liquid crystal display has a conductive protru-
sion disposed on the surface of the upper substrate opposing
to the lower substrate. The conductive protrusion is disposed
over a scanning electrode line or a signal electrode line and
has the same potential as that of the upper electrode. As
another structure, each of pixel electrodes on the lower sub-
strate has a smaller area than that of a common electrode on
the upper substrate and is covered by the common electrode,
and each of the pixel electrodes comprises an electrode por-
tion having approximately symmetrical shape.
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LIQUID CRYSTAL DISPLAY AND METHOD
OF MANUFACTURING THE SAME AND
METHOD OF DRIVING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 11/692,761, filed Mar. 28, 2007, which is
acontinuation of U.S. patent application Ser. No. 10/948,614,
filed Sep. 23, 2004, now U.S. Pat. No. 7,212,270, which is a
division of U.S. patent application Ser. No. 10/252,982, filed
Sep. 23, 2002, now U.S. Pat. No. 6,812,986, which is a
division of U.S. patent application Ser. No. 09/593,119, filed
Jun. 13, 2000, now U.S. Pat. No. 6,504,592, which claims the
benefit of priority from Japanese Patent Application No.
16-9753/1999, filed Jun. 16, 1999, Japanese Patent Applica-
tion No. 17-3004/1999, filed Jun. 18, 1999, and Japanese
Patent Application No. 00-3435/2000 filed Jan. 12, 2000; the
entire contents of which are incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates generally to a liquid
crystal display, a method of manufacturing the liquid crystal
display and a method of driving the liquid crystal display.
More particularly, the present invention relates to a liquid
crystal display which has a wide viewing angle, in which
disturbance of alignment of liquid crystal molecules can be
reduced and which is easily manufactured.

BACKGROUND OF THE INVENTION

[0003] Liquid crystal displays have been increasingly
becoming popular as displays for information, image and the
like. The liquid crystal displays have advantages of providing
thin profile, small placing area and the like when compared
with CRT (Cathode Ray Tube) displays.

[0004] Liquid crystal displays according to the present
invention can be used in, for example, a display or monitor for
a personal computer, a monitor for factory automation (FA),
a home television set, a terminal monitor in a hospital, a
library, a museum and the like, a monitor for an air traffic
control tower and the like, a monitor used for reference of
newspapers, documents in public offices and the like, a per-
sonal monitor in a school and a supplementary private school,
a personal monitor for utilizing various media, a monitor in
amusement facilities such as pachinko facilities, and the like.
The liquid crystal displays according to the present invention
can also be used as a light valve for projector type liquid
crystal displays.

[0005] A recent liquid crystal display has image quality
substantially equal to that of a CRT display. However, a
viewing angle of the liquid crystal display is much narrower
than that of the CRT display. Therefore, enlarging a viewing
angle is one of the most important concerns in a liquid crystal
display.

[0006] As a technology for enlarging a viewing angle of a
liquid crystal display, there is considered using a liquid crys-
tal display element which has a plurality of domains having
different alignment directions in each pixel to obtain a wide
viewing angle. Such prior art is disclosed in, for example,
Japanese examined patent publication No. 58-43723,“Liquid
Crystal Display Element”, Japanese patent laid-open publi-
cation No. 59-211019, “Liquid Crystal Display Device”, and
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Japanese patent laid-open publication No. 63-106624 (Japa-
nese patent publication No. 2692693), “Liquid Crystal Dis-
play Panel”.

[0007] Referring to a “Liquid Crystal Display Panel” dis-
closed in Japanese patent laid-open publication No.
63-106624 as a prior art example, among the Japanese pub-
lications mentioned above, an explanation will be made on a
prior art technology.

[0008] FIG.28isaplanview showing a conventional liquid
crystal display according to this prior art example. FIG. 28
corresponds to FIG. 1 described in the Japanese patent laid-
open publication. No. 63-106624. FIG. 29 corresponds to
FIG. 2 described in the Japanese patent laid-open publication
No. 63-106624. FIG. 30 corresponds to FIG. 3 described in
the Japanese patent laid-open publication No. 63-106624.
FIG. 30 is a cross sectional view taken on line a-a' of F1G. 28,
and shows a cross section of one pixel of the conventional
liquid crystal display device, that is, a liquid crystal display
element.

[0009] With reference to FIGS. 28 through 30, a structure
of the conventional liquid crystal display device will be
described.

[0010] On a lower glass substrate 122, there are formed a
transparent lower display electrode 120 which is provided
corresponding to each pixel, and a lower alignment film or
layer 110 formed on the transparent lower display electrode
120.

[0011] On the lower glass substrate 122, there is also
formed a thin film transistor (TFT) 113 for driving the trans-
parent lower display electrode 120.

[0012] On an upper glass substrate 121, there are formed a
transparent upper display electrode 111 and a upper align-
ment film or layer 109. The alignment films 109 and 110 are
both made of polyimide.

[0013] A pixel B formed between the opposing transparent
electrodes 111 and 120 has, for example, a square shape of
200 um (micrometers) square, and a plurality of such pixels B
are disposed in a matrix. At the center portion of the trans-
parent display electrode, there is disposed a band shaped
spacer 123 made of polyimide. As a result thereof, each pixel
B is divided into a region X131 and a region Y132 by the band
shaped spacer 123. These divided regions X131 and Y132 are
formed as shown schematically in FIG. 16 which corresponds
to FIG. 2 of Japanese patent laid-open publication No.
63-106624. That is, the upper glass substrate 121 and the
opposing lower glass substrate 122 are respectively rubbed in
directions shown by arrows.

[0014] In order to show an effect of improvement in view-
ing angle dependence of viewing quality realized by this prior
art liquid crystal display, FIG. 31 shows a plan perspective
view which illustrates rubbing directions and direction of
twist of liquid crystal alignment between the upper and lower
substrates when a direction of observation is changed by 45
degrees in bearing angle. In FIG. 31, there are shown divided
regions X131, divided regions Y132, rubbing directions 1311
and 1312 in a first substrate, rubbing directions 1312 and
1322, and a twist angle 127 of liquid crystal alignment
between the upper and lower substrates.

[0015] FIG. 32 is a cross sectional view taken on line b-b' of
FIG. 31 and showing a rising direction of aligning force at the
surface of a substrate and a rising direction of liquid crystal
alignment by an electric field between the upper and lower
substrates. In FIG. 32, a twist of liquid crystal molecules is
not illustrated. In FIG. 32, there are shown liquid crystal
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material 105, a direction of rising 106 of liquid crystal align-
ment caused by an electric field, the upper glass substrate 121,
alower glass substrate 122, aregion X131, and aregion Y132.
[0016] In this prior art liquid crystal display. as shown in
FIG. 31, with respect to liquid crystal alignment in each of the
divided regions or domains, a direction of spiral twist is the
same, but as shown in F1G. 32, directions of angles from the
substrate surface, 1.e., pretilt angles, differ from each other.
Because of the difference of the angles from the substrate
surface, when a voltage is applied between the upper and
lower electrodes, direction 106 of rising up of liquid crystal
molecules, which is also called direction of tilt, differ from
each other as shown in FIG. 31. Therefore, when light is
irradiated from a direction which is inclined from the direc-
tion perpendicular to the substrate, optical characteristics of
respective domains compensate with each other. As a result
thereof, when the voltage is applied, viewing angle depen-
dence is compensated with each other between domains hav-
ing mutually different alignments in each pixel between the
upper and lower substrates, and optical characteristics having
small viewing angle dependency can be realized. Especially,
when an image having gray shades is displayed, a phenom-
enon of gray shade inversion is not observed.

[0017] Other liquid crystal display panels are also known
which function based on the same principle as that of the
above-mentioned liquid crystal display panel and which can
be fabricated by smaller number of steps than that of the
above-mentioned liquid crystal display panel. Such liquid
crystal display panels are described in “SID *92 Digest of
U.S.A.,p. 7987, “Japan Display *92 Digest, p. 5917, “SID *93
Digest of U.S.A., p. 2697, and the like.

[0018] In these examples, as in the first example, with
respect to alignment of molecules of the liquid crystal mate-
rial in each of the divided domains, direction of twist of a
spiral is the same, but an angle to the substrate surface differs
from each other. However, these liquid crystal display panels
differ from the first example in a direction of aligning force
applied to molecules of the liquid crystal material at the
surface of the substrate and magnitude of angle of the aligning
force.

[0019] In order to clarify the difference between these
examples and the first example, perspective plan views and
cross sectional views for each of these examples. The per-
spective plan views show directions of rubbing and directions
of twist of alignment of liquid crystal molecules between
upper and lower substrates. The cross sectional views show
directions of rising up of the alignment force at the surface of
the substrate and directions of rising up of alignment ofliquid
crystal between the upper and lower substrates caused by an
electric field.

[0020] FIG. 33 is a plan perspective view showing direc-
tions of rubbing and directions of twist of alignment of liquid
crystal molecules between upper and lower substrates, in the
prior art example shown in “SID ’92 Digest of U.S.A,, p.
798”. FIG. 34 is a cross sectional view taken on line c-¢' of
FIG. 33, and shows directions of rise of the aligning force at
the surface of the substrate and directions of rise of alignment
of liquid crystal molecules between the upper and lower
substrates caused by an electric field.

[0021] An explanation will be made on the liquid crystal
display element shown in FIG. 33 and FIG. 34. In the plan
perspective view of FIG. 33, there are shown a divided
domain X131, a divided domain Y132, a rubbing direction
1311 in the domain X on an upper glass substrate, a rubbing
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direction 1312 in the domain X on a lower glass substrate, a
rubbing direction 1321 in the domain Y on the upper glass
substrate, a rubbing direction 1322 in the domain Y on the
lower glass substrate, and twist angle 127 of the liquid crystal
alignment. Also, in the cross sectional view of FIG. 34, there
are shown the upper glass substrate 121, the lower glass
substrate 122, the divided domain X131, the divided domain
Y132, liquid crystal material 105, direction 1064 of rise of
alignment of liquid crystal molecules caused by an electric
field in the domain X, and direction 1065 of rise of alignment
of liquid crystal molecules caused by an electric field in the
domain'Y.

[0022] Inthis example, rubbing direction of the upper sub-
strate s one direction, i.e., the same direction, in both of the
divided domains, and rubbing direction of the lower substrate
1s one direction, 1.e., the same direction, in both of the divided
domains. However, materials of the upper and lower sub-
strates are changed between the domain X and the domain Y.
Therefore, as shown in FIG. 34, in the domain X131, the
angle of liquid crystal molecules from the surface of the lower
substrate 122 is higher (larger) than the angle ofliquid crystal
molecules from the surface of the upper substrate 121. In the
domain Y132, the angle of liquid crystal molecules from the
surface of the lower substrate 122 is lower (smaller) than the
angle ofliquid crystal molecules from the surface of the upper
substrate 121. Therefore, in the domain X131, the direction
1064 of rise of liquid crystal alignment caused by an electric
field becomes a direction of aligning force at the lower glass
substrate 122, when a voltage is applied to this liquid crystal
display element. In this case, in the domain Y132, the direc-
tion 1065 of rise of liquid crystal alignment caused by an
electric field becomes a direction of aligning force at the
upper glass substrate 121.

[0023] FIG. 35 is a plan perspective view showing direc-
tions of rubbing and directions of twist of alignment of liquid
crystal molecules between upper and lower substrates, in the
prior art example shown in “Japan Display ’92 Digest, p.
591”. FIG. 36 is a cross sectional view taken on line d-d' of
FIG. 35, and shows directions of rise of the aligning force at
the surface of the substrate and directions of rise of alignment
of liquid crystal molecules between the upper and lower
substrates caused by an electric field.

[0024] An explanation will be made on the liquid crystal
display element shown in FIG. 35 and FIG. 36. In the plan
perspective view of FIG. 35, there are shown a divided
domain X131, a divided domain Y132, a rubbing direction
1311 in the domain X on an upper glass substrate, a rubbing
direction 1312 in the domain X on a lower glass substrate, a
rubbing direction 1321 in the domain Y on the upper glass
substrate, a rubbing direction 1322 in the domain Y on the
lower glass substrate, and twist angle 127 of the liquid crystal
alignment. Also, in the cross sectional view of FIG. 36, there
are shown the upper glass substrate 121, the lower glass
substrate 122, the divided domain X131, the divided domain
Y132, liquid crystal material 105, direction 106 of rise of
alignment of liquid crystal molecules caused by an electric
field.

[0025] Inthis example, rubbing direction of the upper sub-
strate is one direction, i.e., the same direction, in both of the
divided domains, and rubbing directions of the lower sub-
strate have two different directions. Also, as shown in FIG.
36, in both the domain X131 and the domain Y132, the angle
of liquid crystal molecules from the surface of the lower
substrate 122 is higher (larger) than the angle ofliquid crystal
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molecules from the surface of the upper substrate 121. How-
ever, in the lower glass substrate 122, directions of aligning
force differ between the domain X131 and the domain Y132.
Therefore, in both the domain X131 and the domain Y132, the
direction 106 of rise of alignment of liquid crystal molecules
caused by an electric field becomes a direction of aligning
force at the lower glass substrate 122, when a voltage is
applied to this liquid crystal display element.

[0026] FIG. 37 is a plan perspective view showing direc-
tions of rubbing and directions of twist of alignment of liquid
crystal molecules between upper and lower substrates, in the
prior art example shown in “SID *93 Digestof U.S.A,p.269”.
FIG. 38 is a cross sectional view taken on line e-¢' of FIG. 37,
and shows directions of rise of the aligning force at the surface
of the substrate and directions of rise of alignment of liquid
crystal molecules between the upper and lower substrates
caused by an electric field.

[0027] An explanation will be made on the liquid crystal
display element shown in FIG. 37 and FIG. 38. In the plan
perspective view of FIG. 37, there are shown a divided
domain X131, a divided domain Y132, a rubbing direction
1311 in the domain X on an upper glass substrate, a rubbing
direction 1312 in the domain X on a lower glass substrate, a
rubbing direction 1321 in the domain Y on the upper glass
substrate, a rubbing direction 1322 in the domain Y on the
lower glass substrate, and twist angle 127 of the liquid crystal
alignment. Also, in the cross sectional view of FIG. 38, there
are shown the upper glass substrate 121, the lower glass
substrate 122, the divided domain X131, the divided domain
Y132, liquid crystal material 105, direction 106 of rise of
alignment of liquid crystal molecules caused by an electric
field.

[0028] Inthis example, rubbing direction of the upper sub-
strate 1s one direction, i.e., the same direction, in both of the
divided domains, and rubbing direction of the lower substrate
1s also one direction, i.e., the same direction, in both of the
divided domains. Also, in both the domain X131 and the
domain Y132, the angle of liquid crystal molecules from the
surface of the lower substrate 122 is the same as the angle of
liquid crystal molecules from the surface of the upper sub-
strate 121. However, in each of the domain X131 and the
domain Y132, directions of aligning force differ between the
upper substrate 121 and the lower substrate 122. When no
voltage is applied to this liquid crystal display element, align-
ment of liquid crystal molecules at the central portion is held
horizontal. When a voltage is applied to this liquid crystal
display element, the direction 106 of rise of alignment of
liquid crystal molecules is determined by electric field having
slant directions as shown in FI1G. 38.

[0029] Inthese three prior art examples, by adopting struc-
tural improvement as shown in FIG. 33 through FIG. 38, the
number of process steps is decreased from that of the above-
mentioned prior art. In any of these methods, as shown in FIG.
34,FIG.36 and FIG. 38, when a voltage is applied, directions
of rise of liquid crystal molecules differ from each other in
respective domains. Therefore, when light is irradiated from
a direction slanted from the normal of the substrate, optical
characteristics of both regions are mutually compensated. As
a result thereof, viewing angle dependency in the condition a
voltage is applied is mutually compensated between regions
having different alignments in each pixel between the upper
and lower substrates, so that optical characteristics having
reduced viewing angle dependency.
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[0030] On the other hand, there is a commonly known thin
film transistor (TFT) type liquid crystal display which uses
usual twisted nematic (TN) type liquid crystal display mode.
Also, among such commonly known liquid crystal display,
there is a liquid crystal display in which liquid crystal align-
ment is controlled by forming a slit or slits in a pixel electrode
of an opposing substrate. Such liquid crystal display is dis-
closed in Conference Record of the 1991 International Dis-
play Research Conference, p. 239 and an explanation will be
made on such liquid crystal display.

[0031] FIG. 39, which corresponds to FIG. 1(b) of the
above-mentioned document, shows a cross sectional view of
apart, i.e., one pixel, of the liquid crystal display disclosed in
the above-mentioned document. FIG. 40, which corresponds
to FIG. 7(a) of the above-mentioned document, illustrates
electric field in lateral direction in such liquid crystal display.
Also, FIG. 41, which corresponds to FIG. 1(a) of the above-
mentioned document, shows a cross sectional view of a part,
i.e., one pixel, of the commonly known liquid crystal display
which uses usual TN type liquid crystal display mode. FIG.
29, which corresponds to FIG. 7(b) of the above-mentioned
document, illustrates electric field in such liquid crystal dis-
play.

[0032] First, an explanation will be made on the liquid
crystal display shown in FIG. 39 and FIG. 40. In the cross
sectional view of FIG. 39, there are shown an upper glass
substrate 221, a lower glass substrate 222, a signal electrode
line 215, a lower transparent electrode, that is, a pixel elec-
trode, 220, an upper transparent electrode, that is, an oppos-
ing electrode 219, a black mask 231, a color layer 232, an
overcoat 233, a lower silicon nitride film 204, and an upper
silicon nitride film 241.

[0033] Ontheupper glass substrate 221, there are disposed,
on the side facing toward the lower glass substrate 222, the
black mask 231 for shutting out the light, the color layer 232
for passing the light of predetermined color, the overcoat 233
for protecting the black mask 231 and the color layer 232, and
the opposing electrode 219.

[0034] On thelower glass substrate 222, there are disposed,
on the side facing toward the upper glass substrate 221, the
signal electrode line 215, the lower silicon nitride film 204 for
covering the lower glass substrate 222 and the signal elec-
trode line 215, the pixel electrode 220 formed on the lower
silicon nitride film 204, and the upper silicon nitride film 241
covering whole portion on the lower glass substrate 222.

[0035] In FIG. 40, electric field 202 is shown by arrows
which is produced when a voltage is applied to the liquid
crystal display element having the structure shown in F1G. 39.

[0036] Next, an explanation will be made on the commonly
known TN type liquid crystal display element shown in FIG.
41 and FIG. 42. In the cross sectional view of FIG. 41, there
are shown an upper glass substrate 221, a lower glass sub-
strate 222, a signal electrode line 215, a lower transparent
electrode, that is, a pixel electrode, 220, an upper transparent
electrode, that is, an opposing electrode 229, a black mask
231, acolor layer 232, an overcoat 233, alower silicon nitride
film 204, and an upper silicon nitride film 241.

[0037] Ontheupper glass substrate 221, there are disposed,
on the side facing toward the lower glass substrate 222, the
black mask 231 for shutting out the light, the color layer 232
for passing the light of predetermined color, the overcoat 233
for protecting the black mask 231 and the color layer 232, and
the opposing electrode 229.
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[0038] On the lower glass substrate 222, there are disposed,
on the side facing toward the upper glass substrate 221, the
signal electrode line 215, the lower silicon nitride film 204 for
covering the lower glass substrate 222 and the signal elec-
trode line 215, the pixel electrode 220 formed on the lower
silicon nitride film 204, and the upper silicon nitride film 241
covering whole portion on the lower glass substrate 222.
[0039] In FIG. 42, electric field 202 is shown by arrows
which is produced when a voltage is applied to the liquid
crystal display element having the structure shownin FIG. 41.
[0040] Inthe prior art liquid crystal display element shown
in FIG. 39 and FIG. 40, disturbance of liquid crystal align-
ment, which is called disclination and which is caused by
lateral electric field produced between a pixel electrode and a
wiring electrode such as a scanning electrode line, a signal
electrode line and the like, can be reduced.

[0041] Here, the first problem in the above-mentioned prior
art liquid crystal display element is that disturbance of align-
ment which is called disclination and which is caused by
lateral electric field between the wiring electrode and the
pixel electrode. This is because, potential of the wiring elec-
trode such as the scanning electrode line, the signal electrode
line and the like gives large influence on the electric field.
Thereby, relatively large lateral electric field is produced and
liquid crystal alignment is changed by such lateral electric
field. In order to reduce the disclination, it was necessary to
provide a slit in the opposing electrode by patterning it.
[0042] The second problem in the above-mentioned prior
art liquid crystal display element is that, when pressure is
applied from the outside to the liquid crystal display panel
having such liquid crystal display element by pressing the
panel by a finger or by a pen point, alignment of liquid crystal
molecules is easily disturbed, or alignment division collapses
or becomes defective.

[0043] This is because, the prior art liquid crystal display
panel does not have sufficient mechanical strength and cell
gap of the liquid crystal display panel changes easily by the
pressure applied thereto, so that alignment of the liquid crys-
tal molecules is changed.

[0044] Also, it is impossible to easily and simply realize
division of a pixel region into a plurality of domains having
different alignment to obtain a wide viewing angle.

[0045] There are other Japanese patent applications each
relating to realizing a wide viewing angle in a liquid crystal
display.

[0046] One of such applications is Japanese patent laid-
open publication No. 7-104282 and entitled “Liquid Crystal
Display and Method of Manufacturing the Same”. This appli-
cation provides a liquid crystal display and a method of manu-
facturing the same in which a liquid crystal portion is divided
or partitioned by high polymer material into a plurality of
liquid crystal regions, and in which liquid crystal molecules
or high polymer material in the liquid crystal regions are
driven to various modes depending on the alignment condi-
tion, or to a mode in which the liquid crystal region is aligned
into symmetry with respect to an axis.

[0047] This liquid crystal display comprises a plurality of
liquid crystal regions each of which has an electrode, is dis-
posed between a pair of substrates, at least one of the sub-
strates being transparent, and is surrounded by the high poly-
mer material. This liquid crystal display also comprises a
light control layer which is disposed between the surface of at
least one substrate and an electrode formed on the substrate,
which controls an intensity of incident light by changing
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transmittance and which has locally different film thickness.
Also, the space between the electrodes on respective surfaces
of the pair of substrates varies corresponding to the change of
the film thickness of the light control layer. By such structure,
mechanical strength is improved, and also viewing character-
istic, contrast and color reproductivity are improved.

[0048] Another one of such applications is Japanese patent
laid-open publication No. 7-333612 and entitled “Liquid
Crystal Display Device”. This application provides a liquid
crystal display device having a wide viewing angle by aver-
aging angle dependency of optical transmittance. The liquid
crystal display device disclosed in this application has a pair
of opposing substrates each of which comprises a transparent
electrode formed on the surface thereof and an alignment film
formed on the transparent electrode, and a liquid crystal layer
of liquid crystal molecules filling the space between the sub-
strates. When a voltage is not applied to the transparent elec-
trodes, in a plane perpendicular to the direction of the thick-
ness of the liquid crystal layer, there are a first liquid crystal
domain in which direction of alignment of liquid crystal
molecules is approximately constant and a second liquid
crystal domain in which direction of alignment of liquid
crystal molecules differs from that of the first liquid crystal
domain. These two liquid crystal domains are realized by
providing uneven portions at alignment layer formed on at
least one of the substrate.

[0049] In a conventional liquid crystal display of a twisted
nematic (hereafter referred to as “TN”) type which is widely
used, when an electric field is not applied to liquid crystal
molecules, a direction of an alignment vector of the liquid
crystal molecules is parallel to a surface ofa substrate and this
condition corresponds to the condition in which “white” is
displayed. When a voltage is applied to the liquid crystal
display, the direction of the alignment vector varies toward a
direction of an electric field according to a voltage applied.
Thereby, the condition in which “white” is displayed is gradu-
ally changed to the condition in which “black” is displayed.

[0050] However, because of behavior peculiar to liquid
crystal molecules in a condition a voltage is applied, there
occurs a problem that the TN type liquid crystal display has a
narrow viewing angle. This problem of narrow viewing angle
is prominent in a direction toward which liquid crystal mol-
ecules rise when medium gray is displayed.

[0051] Asa method of improving viewing angle character-
istics, there are proposed some liquid crystal displays dis-
closed in Japanese patent laid-open publication No.
4-261522, Japanese patent laid-open publication No.
6-43461 and Japanese patent laid-open publication No.
10-333180.

[0052] Inthese liquid crystal displays, viewing angle char-
acteristics are improved by using a structure shown in FIG.
44A, FIG. 44B and FIG. 44C. A liquid crystal display panel of
the structure shown in these drawings comprises an upper
substrate having a color filter substrate 501 and having a
common electrode 502 and an alignment layer 503 which are
formed on the color filter substrate and which have a slit 517
formed in the common electrode 502 and the alignment layer
503. Also, there is provided a lower substrate having a sub-
strate 507, a pixel electrode 504 formed on the substrate 507
and an alignment layer 503 formed on the pixel electrode 504.
A space between the upper substrate and the lower substrate
is filled with liquid crystal molecules 508 which are homeo-
tropic aligned and which form a liquid crystal layer. The
liquid crystal display panel shown in FIG. 44 A, FIG. 44B and
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FIG. 44C is put between a pair of polarizers disposed such
that polarizing axes or transmission axes of these polarizers
have right angles with each other. When a voltage is applied
between the common electrode 502 and the pixel electrode
504, an electric field having slant components is produced.
Therefore, more than one liquid crystal domains having dif-
ferent alignment directions are produced in each pixel, and
thereby viewing angle characteristics are improved. The
shape of the slit can be, for example, a rectangle as shown in
FIG. 44B, or can be x-shape as shown in FI1G. 44C.

[0053] In the liquid crystal display disclosed in Japanese
patent laid-open publication No. 4-261522, directions of
inclination of liquid crystal molecules when an electric field
is applied thereto are controlled to obtain a high contrast ratio.
Also, as disclosed in Japanese patent laid-open publication
No. 6-43461,1tis possible to use an optical compensation film
to improve viewing angle characteristics of black area.
[0054] Further, in Japanese patent laid-open publication
No. 6-43461, not only in a liquid crystal display panel having
homeotropic alignment, but also in a liquid crystal display
panel having TN alignment, each pixel is divided into more
than one domains by using an electric field having slant and
different components to improve viewing angle characteris-
tics.

[0055] In Japanese patent laid-open publication No.
10-333180, a technology is disclosed in which thin film tran-
sistors, gate lines and drain lines are disposed under display
electrodes, in order to prevent an electric field from the thin
film transistors, the gate lines and the drain lines from affect-
ing slant electric field components produced by using a com-
mon electrode having opening portions.

[0056] In Japanese patent laid-open publication No.
10-20323, there is disclosed a liquid crystal display in which
more than one kind of minute domains coexist in a liquid
crystal layer. One of substrates of liquid crystal display panel
ofthis liquid crystal display has opening portions, and there is
provided a second electrode in each of the opening portions.
A voltage is applied to the second electrode to produce an
electric field having slant components. Thereby, domains
having different alignment directions are produced in each
pixel and wide viewing angle characteristics are obtained.
This publication mainly concerns a liquid crystal display
having TN type cell.

[0057] Japanese PCT patent laid-open publication No.
5-505247 discloses a liquid crystal display of In-Plain-
Switching (IPS) system or mode in which, in order to rotate
liquid crystal molecules while keeping the liquid crystal mol-
ecules in a direction parallel to substrates of liquid crystal
display panel, two electrodes are disposed on one of the
substrates. A voltage is applied to between the two electrodes
and, thereby, an electric field parallel to the substrates is
produced. In such IPS system, a long axis of each of liquid
crystal molecules does not rise from the substrate when the
voltage is applied. Therefore, when a viewing angle is
changed, variation of birefringence or double refraction of
liquid crystal is relatively small and, therefore, wide viewing
angle characteristics are obtained.

[0058] Also, in each of “Journal of Applied Physics”, Vol.
45, No. 12 (1974) 5466 and Japanese patent laid-open publi-
cation No. 10-186351, there is disclosed a liquid crystal dis-
play which has the above-mentioned IPS mode and in which
liquid crystal molecules having a positive anisotropy of per-
mittivity are aligned as homeotropic alignment. The liquid
crystal molecules are rotated toward a direction parallel to the
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substrate by using an electric field parallel to the substrate. In
this case, because of directions of the electric field, the liquid
crystal molecules which are homeotropic aligned are grouped
into two domains. The two domains have different alignment
directions of liquid crystal molecules and, therefore, it is
possible to obtain a liquid crystal display having wide view-
ing angle characteristics.

[0059] Japanese patent laid-open publication No.
10-186330 proposes a liquid crystal display in which square
wall structures are produced by using a photosensitive mate-
rial, and a pixel is formed by using each of such structures as
a basic unit. When a voltage is applied to produce an electric
field, liquid crystal molecules having a negative anisotropy of
permittivity are rotated toward different directions in a pixel.
[0060] However, in the above-mentioned technology in
which slits are provided in the common electrode, it is nec-
essary to perform a microfabrication process, such as photo-
lithography and the like, of the common electrode 502 which
is not required in the fabrication process of the usual TN type
liquid crystal display. In addition to this, there is a problem
that a very precise assemble technology is required for pre-
cisely combine the upper substrate 501 and the lower sub-
strate 507. This problem is especially important in an active
matrix type liquid crystal display which uses switching ele-
ments such as TFT’s and the like.

[0061] That is, in a usual active matrix type liquid crystal
display, active elements such as thin film diodes and the like
are formed on one of transparent substrates. Therefore, it is
only necessary to perform a microfabrication process, such as
photolithography and the like, on one of the substrate on
which active elements are formed. It is not necessary to per-
form such microfabrication process on the other substrate
which is usually called a “common electrode”, but it is only
necessary to form an electrode on whole area of the other
substrate.

[0062] However, in the above-mentioned prior art tech-
nologies, it is also necessary to perform a microfabrication
process, such as photolithography and the like, on the “com-
mon electrode” on which, usually, it is not necessary to per-
form such microfabrication process. Therefore, fabrication
process becomes complicated, and a high precision align-
ment and assemble technology is required for the upper sub-
strate 501 and the lower substrate 507.

[0063] When the thin film transistors, the gate lines and the
drain lines are disposed under the display electrodes, as
described in Japanese patent laid-open publication No.
10-333180, an aperture ratio becomes deteriorated.

[0064] Also, in the liquid crystal display described in Japa-
nese patent laid-open publication No. 10-20323, it is neces-
sary to apply a voltage to each of second electrodes when
driving the liquid crystal display and, therefore, a special
drive technology is required. Further, an additional process is
required in which a voltage is applied to the second electrodes
in order to obtain divided alignment directions.

[0065] In the IPS type liquid crystal display and in the
liquid crystal display in which vertically aligned liquid crys-
tal molecules are rotated down by using the lateral electric
field, there is a problem that an aperture ratio is deteriorated.
Also, in these liquid crystal displays, when a cell gap of each
pixel is narrowed to obtain high operating speed, a high drive
voltage is required.

[0066] In the IPS type liquid crystal display and in the
liquid crystal display in which vertically aligned liquid crys-
tal molecules are rotated down by using the lateral electric
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field, there is still another problem as follows. That is, in such
prior art liquid crystal displays, since a color filter layer is
disposed between a layer in which liquid crystal molecules
are disposed and an opposing substrate, especially when
switching elements are formed by using a TFT structure, an
electric field produced by applying a voltage between the
source electrode and the common electrode affects the color
filter layer, and detetiorates display characteristics.

[0067] That is, in coloring matter constituting the color
filter layer, sodium ions are included as impurities. Therefore,
when an electric field is applied to the color filter, electric
charges are stored in the color filter layer and the color filter
layer is charged up. If the color filter layer is charged up, an
unnecessary electric field is always applied to the liquid crys-
tal molecules under the charged up portion of the color filter
layer. Therefore, such electric field affects display character-
istics, especially color irregularity.

[0068] Inthe liquid crystal display which has square walls
disclosed in Japanese patent laid-open publication No.
10-186330, it is necessary to fabricate the walls by using
photolithography, in order to realize divided alignment direc-
tions. Therefore, a manufacturing process becomes compli-
cated.

SUMMARY OF THE INVENTION

[0069] Therefore, it is an object of the present invention to
provide a liquid crystal display having superior viewing angle
characteristics.

[0070] It is another object of the present invention to pro-
vide a liquid crystal display in which disturbance of align-
ment of liquid crystal molecules such as disclination and the
like caused by a lateral electric field does not occur.

[0071] Tt is still another object of the present invention to
provide a liquid crystal display in which disturbance of
divided alignment directions is not caused by external force
applied to the liquid crystal panel of the liquid crystal display.
[0072] It is still another object of the present invention to
provide a domain divided liquid crystal display which has
domains of different alignment directions in each pixel and
which has wide viewing angle characteristics.

[0073] It is still another object of the present invention to
provide a liquid crystal display which has a high contrast ratio
and superior viewing angle characteristics and which can be
easily fabricated by using a simple manufacturing process.
[0074] Tt is still another object of the present invention to
provide a liquid crystal display which has a high contrast ratio
and superior viewing angle characteristics and which can be
easily fabricated without using additional complicated pro-
cess such as photolithography and the like and without requit-
ing high precision assembling technology.

[0075] It is still another object of the present invention to
provide a liquid crystal display which has a high contrast ratio
and superior viewing angle characteristics and in which color
irregularity can be effectively suppressed.

[0076] It is still another object of the present invention to
provide a method of manufacturing a liquid crystal display
which has various characteristic features mentioned above,
such as superior viewing angle characteristics and the like.
[0077] It is still another object of the present invention to
provide a method of driving a liquid crystal display which can
effectively realize superior viewing angle characteristics and
the like of the present invention.
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[0078] It is still another object of the present invention to
obviate the disadvantages of the conventional liquid crystal
display.

[0079] According to an aspect of the present invention,
there is provided aliquid crystal display comprising: an upper
substrate and a lower substrate, wherein at least one of the
upper substrate and lower substrate is a transparent substrate;
an upper electrode disposed on the surface of the upper sub-
strate which surface of the upper substrate opposes to the
lower substrate, and a lower electrode disposed on the surface
of the lower substrate which surface of the lower substrate
opposes to the upper substrate, wherein at least one of the
upper electrode and lower electrode disposed on the transpar-
ent substrate is transparent; a liquid crystal material disposed
between the upper electrode and the lower electrode; a scan-
ning electrode line and a signal electrode line disposed on the
surface of the lower substrate which surface of the lower
substrate opposes to the upper substrate; a switching element
for controlling application of a voltages to the lower elec-
trode, wherein the application of a voltage to the lower elec-
trode by the switching element is controlled by application of
voltages to the scanning electrode line and the signal elec-
trode line; and a conductive protrusion disposed on the sur-
face of the upper substrate which surface of the upper sub-
strate opposes to the lower substrate, wherein the conductive
protrusion is disposed over the scanning electrode line or the
signal electrode line and has the same potential as that of the
upper electrode.

[0080] In this case, it is preferable that the conductive pro-
trusion comprises: a protruded portion disposed on the sur-
face of the upper substrate which surface of the upper sub-
strate opposes to the lower substrate, the protruded portion
being disposed over the scanning electrode line or the signal
electrode line; and a part of the upper electrode covering the
protruded portion.

[0081] It is also preferable that the upper substrate is an
upper transparent substrate and the conductive protrusion
comprises: a protruded portion disposed on the surface of the
upper transparent substrate which surface of the upper sub-
strate opposes to the lower substrate, the protruded portion
being disposed over the scanning electrode line or the signal
electrode line; and a part of the upper transparent electrode
covering a side surface of the protruded portion.

[0082] It is further preferable that the protruded portion
comprises color filter layers or transparent resin layers which
are piled on the surface, of the upper transparent substrate
opposing to the lower substrate.

[0083] It is advantageous that the width of the conductive
protrusion is substantially equal to or larger than the width of
the scanning electrode line or the signal electrode line.

[0084] Itisalso advantageous that the liquid crystal display
further comprises a lower insulating film which covers the
scanning electrode line and the signal electrode line and
which contacts with the conductive protrusion.

[0085] It is further advantageous that at least one of the
upper electrode and the lower electrode further comprises a
projection which is different from the conductive protrusion
and which is used for dividing alignment of the liquid crystal
material.

[0086] Itispreferable thatatleastone of theupper electrode
and the lower electrode further comprises a nonconductive
opening portion which is used for dividing alignment of the
liquid crystal material.
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[0087] Ttis also preferable that the conductive protrusion is
electrically coupled with the scanning electrode line or the
signal electrode line.

[0088] Itis further preferable that the liquid crystal display
further comprises a conductive contact portion disposed on
the scanning electrode line or the signal electrode line,
wherein the conductive protrusion and the conductive contact
portion contact with each other.

[0089] It is advantageous that the liquid crystal display
further comprises spacers dispersed in a space between the
upper substrate and the lower substrate.

[0090] It is also advantageous that: the liquid crystal dis-
play has a plurality of pixel areas surrounded by the scanning
electrode lines and signal electrode lines; the lower electrode
comprises a plurality of pixel electrodes each corresponding
to the pixel area; each of the pixel area has a predetermined
symmetry center point; and the conductive protrusions are
disposed centrosymmetrically with respect to the symmetry
center point.

[0091] Tt is further advantageous that the symmetry center
point is substantially in the center of a corresponding pixel
area.

[0092] Itis preferable that, in each of the pixel area, at least
one of the upper electrode and the pixel electrode further
comprises a projection which is different from the conductive
protrusion and which is used for dividing alignment of the
liquid crystal material, and wherein the projection is disposed
on a predetermined line which substantially passes the sym-
metry center point.

[0093] It is also preferable that at least one of the upper
electrode and the lower electrode further comprises a non-
conductive opening portion which is used for dividing align-
ment of the liquid crystal material, and wherein the noncon-
ductive opening portion is disposed on a predetermined line
which substantially passes the symmetry center point.

[0094] Itis further preferable that: the liquid crystal display
has a plurality of pixel areas surrounded by the scanning
electrode lines and signal electrode lines; the lower electrode
comprises a plurality of pixel electrodes each corresponding
to the pixel area; each of the pixel area has a predetermined
symmetry center line; and the conductive protrusions are
disposed symmetrically with respect to the symmetry center
line.

[0095] It is advantageous that the symmetry center line is
substantially passes the center of a corresponding pixel area.

[0096] Itisalso advantageous that, in each of the pixel area,
at least one of the upper electrode and the pixel electrode
further comprises a projection which is different from the
conductive protrusion and which is used for dividing align-
ment of the liquid crystal material, and wherein the projection
is disposed substantially on the symmetry center line.
[0097] 1t is further advantageous that at least one of the
upper electrode and the lower electrode further comprises a
nonconductive opening portion which is used for dividing
alignment of the liquid crystal material, and wherein the
nonconductive opening portion is disposed substantially on
the symmetry center line.

[0098] It is preferable that the liquid crystal material is a
nematic liquid crystal material, a cholesteric liquid crystal
material, or a discotic liquid crystal material.

[0099] It is also preferable that an operation mode of the
liquid crystal material is twisted nematic, STN super twisted
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nematic, homogeneous, homeotropic, in-plain switching,
n-cell, cholesteric phase transition, polymer dispersion, or
polymer network.

[0100] According to another aspect of the present inven-
tion, there is provided a method of manufacturing a liquid
crystal display comprising: (a) forming a wiring electrode
line on the surface of a lower substrate which surface of the
lower substrate opposes to an upper substrate, forming an
insulating film covering the wiring electrode line, forming a
lower electrode on the insulating film, and forming a switch-
ing element for applying a voltage to the lower electrode; (b)
forming a protruded portion on the surface of the upper sub-
strate which surface of the upper substrate opposes to the
lower substrate, wherein the protruded portion is located sub-
stantially just above the wiring electrode line when the lower
substrate and the upper substrate are opposed to each other;
(c) forming an upper electrode covering whole portion of the
protruded portion and the surface of the upper substrate which
surface of the upper substrate opposes to the lower substrate,
wherein at least one of the upper substrate and the lower
substrate is a transparent substrate, and at least one of the
upper electrode and lower electrode disposed on the transpat-
ent substrate is transparent; (d) opposing the lower substrate
and the upper substrate such that the protruded portion is
located substantially just above the wiring electrode line; and
(e) injecting a liquid crystal material between the lower sub-
strate and upper substrate.

[0101] In this case, it is preferable that the step (b) com-
prises forming the protruded portion by piling a plurality of
color filters on the surface of the upper substrate which sur-
face of the upper substrate opposes to the lower substrate.
[0102] Itisalso preferable that the step (b) comprises piling
a plurality of transparent resin layers on the surface of the
upper substrate which surface of the upper substrate opposes
to the lower substrate and removing piled transparent resin
layers except portions corresponding to the protruded por-
tions.

[0103] It is further preferable that the width of the pro-
truded portion is substantially equal to or larger than the width
of the wiring electrode line.

[0104] It is advantageous that the method further com-
prises: (f) forming a projection which is different from the
protruded portion on at least one of the upper electrode and
the lower electrode.

[0105] Itisalso advantageous that the method further com-
prises: (g) removing a portion of at least one of the upper
electrode and the lower electrode.

[0106] It is further advantageous that the method further
comprises: (h) forming a conductive contact portion on the
wiring electrode line, the conductive contact portion being
electrically coupled with the wiring electrode line; wherein
the step (d) further comprises disposing the conductive con-
tact portion and the upper electrode covering the protruded
portion such that the conductive contact portion and the upper
electrode covering the protruded portion contact with each
other.

[0107] According to still another aspect of the present
invention, there is provided a method of manufacturing a
liquid crystal display having a plurality of pixel areas, the
method comprising: (a) forming wiring electrode lines on the
surface of a lower substrate which surface of the lower sub-
strate opposes to an upper substrate such that the wiring
electrode lines surround respective pixel areas, forming an
insulating film covering the wiring electrode lines, forming,
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for each pixel area, a pixel electrode which does not coupled
with the wiring electrode line, and forming a switching ele-
ment for controlling an application of a voltage to the pixel
electrode; (b) forming protruded portions on the surface of the
upper substrate which surface of the upper substrate opposes
to the lower substrate, wherein the protruded portions are
located at portions centrosymmetrical with respect to a pre-
determined symmetry center point in each pixel area, and are
located substantially just above the wiring electrode lines
when the lower substrate and the upper substrate are opposed
to each other; (¢) forming an upper electrode covering whole
portion of the protruded portions and the surface of the upper
substrate which surface of the upper substrate opposes to the
lower substrate; (d) opposing the lower substrate and the
upper substrate such that the protruded portions are located
substantially just above the wiring electrode lines and such
that each of the pixel areas is formed; and (e) injecting a liquid
crystal material between the lower substrate and upper sub-
strate.

[0108] Inthiscase,itis preferable that the symmetry center
point is substantially in the center of a corresponding pixel
area.

[0109] It is also preferable that the method further com-
prises: () forming a projection which is different from the
protruded portion on the surface of the upper substrate which
surface of the upper substrate opposes to the lower substrate;
wherein the step (¢) comprises forming an upper transparent
electrode covering the surface of the upper substrate which
surface of the upper substrate opposes to the lower substrate,
the protruded portion and the projection.

[0110] It is further preferable that the step (f) comprises
forming a projection which is different from the protruded
portion on the surface of the upper substrate which surface of
the upper substrate opposes to the lower substrate such that
the projection is located on a predetermined line substantially
passing through the symmetry center point.

[0111] It is advantageous that the method further com-
prises: (g) removing a portion of the upper electrode except
the protruded portion.

[0112] Tt is also advantageous that the step (g) comprises
removing the upper electrode existing on a predetermined
line substantially passing through the symmetry center point.
[0113] Tt is further advantageous that the method further
comprises: (h) removing a portion of the lower electrode.
[0114] Ttis preferable that the step (h) comprises removing
the lower electrode existing on a predetermined line substan-
tially passing through the symmetry center point.

[0115] According still another aspect of the present inven-
tion, there is provided a method of manufacturing a liquid
crystal display having a plurality of pixel areas, the method
comprising: (a) forming wiring electrode lines on the surface
of a lower substrate which surface of the lower substrate
opposes to an upper substrate such that the wiring electrode
lines surround respective pixel areas, forming an insulating
film covering the wiring electrode lines, forming, for each
pixel area, a pixel electrode which does not coupled with the
wiring electrode line, and forming a switching element for
controlling an application of a voltage to the pixel electrode;
(b) forming protruded portions on the surface of the upper
substrate which surface of the upper substrate opposes to the
lower substrate, wherein the protruded portions are located at
portions symmetrical with respect to a predetermined sym-
metry center line in each pixel area and are located substan-
tially just above the wiring electrode lines when the lower
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substrate and the upper substrate are opposed to each other;
(c) forming an upper electrode covering whole portion of the
protruded portions and the surface of the upper substrate
which surface of the upper substrate opposes to the lower
substrate; (d) opposing the lower substrate and the upper
substrate such that the protruded portions are located substan-
tially just above the wiring electrode lines and such that each
of the pixel areas is formed; and (e) injecting a liquid crystal
material between the lower substrate and upper substrate.
[0116] Inthiscase, itis preferable that the symmetry center
line is substantially in the center of a corresponding pixel
area.

[0117] It is also preferable that the method further com-
prises: (f) forming a projection which is different from the
protruded portion on the surface of the upper substrate which
surface of the upper substrate opposes to the lower substrate;
wherein the step (c) comprises forming an upper transparent
electrode covering the surface of the upper substrate which
surface of the upper substrate opposes to the lower substrate,
the protruded portion and the projection.

[0118] It is further preferable that the step (f) comprises
forming a projection which is different from the protruded
portion on the surface of the upper substrate which surface of
the upper substrate opposes to the lower substrate such that
the projection is substantially located on the symmetry center
line.

[0119] It is advantageous that the method further com-
prises: (g) removing a portion of the upper electrode except
the protruded portion.

[0120] It is also advantageous that the step (g) comprises
removing the upper electrode substantially existing on the
symmetry center line.

[0121] It is further advantageous that the method further
comprises: (h) removing a portion of the lower electrode.
[0122] Itis preferable that the step (h) comprises removing
the lower electrode substantially existing on the symmetry
center line.

[0123] It is also preferable that the method further com-
prises forming spacers dispersed in a space between the upper
substrate and the lower substrate.

[0124] Itis further preferable that the liquid crystal material
is anematic liquid crystal material, a cholesteric liquid crystal
material, or a discotic liquid crystal material.

[0125] It is advantageous that an operation mode of the
liquid crystal material is twisted nematic, STN super twisted
nematic, homogeneous, homeotropic, in-plain switching,
ni-cell, cholesteric phase transition, polymer dispersion, or
polymer network.

[0126] According to still another aspect of the present
invention, there is provided a liquid crystal display compris-
ing: a first substrate having a common electrode formed
thereon; a second substrate opposed to the first substrate and
having a plurality of pixel electrodes formed thereon; and a
liquid crystal layer disposed between the first and second
substrates; wherein each of the pixel electrodes has a smaller
area than that of the common electrode and is covered by the
common electrode, and each of the pixel electrode comprises
an electrode portion having approximately symmetrical
shape.

[0127] In this case, it is preferable that the shape of the
electrode portion of the pixel electrode is a circle, an ellipse or
a polygon.

[0128] Itisalso preferable that each of the pixel electrode is
formed as a link of a plurality of electrode areas each having
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approximately symmetrical shape, and each of the pixel elec-
trodes has a smaller area than that of the common electrode
and is covered by the common electrode.

[0129] Itis further preferable that the common electrode is
formed on approximately whole area of the first substrate.
[0130] Tt is advantageous that the liquid crystal display
further comprises a shield electrode formed around the pixel
electrode.

[0131] It is also advantageous that, on the first substrate,
there is formed a common electrode for applying a reference
potential over a plurality of pixels, and, on the second sub-
strate, there are formed a plurality of scanning signal elec-
trodes, a plurality of image signal electrodes which cross the
scanning signal electrodes to form a matrix, and a plurality of
thin film transistors each formed corresponding an intersec-
tion of the scanning signal electrode and the image signal
electrode; wherein at least one pixel is formed in each of areas
surrounded by the a plurality of scanning signal electrodes
and the a plurality of image signal electrode, and each pixel
comprises a pixel electrode coupled with the thin film tran-
sistor corresponding to the pixel; and wherein the pixel elec-
trode is isolated via an interlayer insulating film from the
scanning signal electrode, the image signal electrode and the
thin film transistor.

[0132] Itis further advantageous that, on the first substrate,
there is formed a common electrode for applying a reference
potential over a plurality of pixels, and, on the second sub-
strate, there are formed a plurality of scanning signal elec-
trodes, a plurality of image signal electrodes which cross the
scanning signal electrodes to form a matrix, and a plurality of
thin film transistors each formed corresponding to an inter-
section of the scanning signal electrode and the image signal
electrode; wherein at least one pixel is formed in each ofareas
surrounded by the plurality of scanning signal electrodes and
the plurality of image signal electrode, and each pixel com-
prises a pixel electrode coupled with the thin film transistor
corresponding to the pixel, wherein the pixel electrode is
isolated via an interlayer insulating film from the scanning
signal electrode, the image signal electrode and the thin film
transistor; and wherein, on at least one of the scanning signal
electrode and the image signal electrode, there is disposed a
portion of the pixel electrode or a shielding electrode.
[0133] Itis preferable that the liquid crystal display further
comptises a color filter layer disposed on the second sub-
strate, wherein the liquid crystal layer being disposed
between the color filter layer and the first substrate; wherein,
on the second substrate, there are formed a plurality of scan-
ning signal electrodes, a plurality of image signal electrodes
which cross the scanning signal electrodes to form a matrix,
and a plurality of thin film transistors each formed corre-
sponding to an intersection of the scanning signal electrode
and the image signal electrode; wherein at least one pixel is
formed in each of areas surrounded by the plurality of scan-
ning signal electrodes and the plurality of image signal elec-
trodes, and each pixel comprises a pixel electrode coupled
with the thin film transistor corresponding to the pixel;
wherein the common electrode on the first substrate provides
areference potential for a plurality of pixels; and wherein the
pixel electrode is disposed between the color filter layer and
the liquid crystal layer.

[0134] It is also preferable that the liquid crystal display
further comprises a color filter layer disposed on the second
substrate, wherein the liquid crystal layer being disposed
between the color filter layer and the first substrate; wherein,
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on the second substrate, there are formed a plurality of scan-
ning signal electrodes, a plurality of image signal electrodes
which cross the scanning signal electrodes to form a matrix,
and a plurality of thin film transistors each formed corre-
sponding to an intersection of the scanning signal electrode
and the image signal electrode; wherein at least one pixel is
formed in each of areas surrounded by the plurality of scan-
ning signal electrodes and the plurality of image signal elec-
trodes, and each pixel comprises a pixel electrode coupled
with the thin film transistor corresponding to the pixel;
wherein the common electrode on the first substrate provides
a reference potential for a plurality of pixels; wherein the
pixel electrode is disposed between the color filter layer and
the liquid crystal layer; and wherein, on at least one of the
scanning signal electrode and the image signal electrode,
there is disposed a portion of the pixel electrode or a shielding
electrode.

[0135] It is further preferable that the electrode portion of
the pixel electrode has an approximately symmetrical shape
with notches or protrusions extending radially from the center
of the approximately symmetrical shape.

[0136] It is advantageous that the electrode portion of the
pixel electrode has an approximately symmetrical shape with
voids in which no electrode material exists and which extend
radially from the center of the approximately symmetrical
shape.

[0137] Itis also advantageous that the electrode portion of
the pixel electrode has an approximately symmetrical shape
with concave portions which extend radially from the center
of the approximately symmetrical shape.

[0138] Itis further advantageous that the concave portions
are formed in an interlayer insulating layer or in an overcoat-
ing layer.

[0139] Itis preferable that at least one of an optically nega-
tive compensation film and an optically positive compensa-
tion film between the first or second substrate and a polarizer,
thereby making anisotropy of refractive index of the liquid
crystal layer and the compensation film isotropic.

[0140] It is also preferable that the liquid crystal layer
includes organic polymer compound.

[0141] It is further preferable that the liquid crystal layer
comprises a liquid crystal material having a negative anisot-
ropy of permittivity, and liquid crystal molecules of the liquid
crystal material align approximately perpendicular to the first
and second substrates when no voltage is applied thereto.
[0142] Itisadvantageous that a pretilt angle of liquid crys-
tal molecules in the liquid crystal layer is previously provided
along a direction toward which the liquid crystal molecules
rotate when a voltage is applied thereto.

[0143] Itisalso advantageous that the liquid crystal display
further comprises quarter-wave plates on both sides of the
liquid crystal layer, and optical axes of the quarter-wave
plates are perpendicular to each other.

[0144] Itis further advantageous that the liquid crystal dis-
play further comprises quarter-wave plates on both sides of
the liquid crystal layer, and optical axes of the quarter-wave
plates are perpendicular to each other.

[0145] Itispreferable thatthe liquid crystallayer comprises
a liquid crystal material having a positive anisotropy of per-
mittivity, and liquid crystal molecules of the liquid crystal
material have a twisted nematic structure when no voltage is
applied thereto.

[0146] Itis also preferable that, in the liquid crystal layer of
each pixel, there coexist a plurality of minute domains having
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different directions of twist of liquid crystal molecules and
different directions of rising up of liquid crystal molecules.
[0147] It is further preferable that the liquid crystal layer
comprises a liquid crystal material having a positive anisot-
ropy of permittivity, and liquid crystal molecules of the liquid
crystal material have a homogeneous structure when no volt-
age is applied thereto.

[0148] It is advantageous that, in the liquid crystal layer of
each pixel, there coexist a two kinds of minute domains
having different directions of rising up of liquid crystal mol-
ecules.

[0149] It is also advantageous that a pretilt angle of the
liquid crystal layer with respect to the first and second sub-
strates is equal to or smaller that 1 (one) degree.

[0150] According to still another aspect of the present
invention, there is provided a method of manufacturing a
liquid crystal display comprising: preparing a first substrate
having a common electrode formed thereon and a second
substrate opposed to the first substrate and having a plurality
of pixel electrodes formed thereon, wherein each of the pixel
electrodes has a smaller area than that of the common elec-
trode and is covered by the common electrode, and each of the
pixel electrode comprises an electrode portion having
approximately symmetrical shape; injecting a liquid crystal
material containing liquid crystal molecules and monomer
and/or oligomer into a space between the first and second
substrates; and polymerizing the monomer and/or oligomer.
[0151] Inthis case, itis preferable that the monomer and/or
oligomer is polymerized while irradiating light thereon,
thereby a pretilt angle is formed in the liquid crystal mol-
ecules.

[0152] It is also preferable that the light is irradiated at a
slant angle with respect to the substrate.

[0153] It is further preferable that the light is polarized
light.
[0154] It is advantageous that the polarized light is irradi-

ated from a direction approximately perpendicular to the
substrate, thereby making a pretilt angle of liquid crystal
molecules equal to or smaller than 1 degree.

[0155] According to still another aspect of the present
invention, there is provided a method of driving the above-
mentioned liquid crystal display in which drive voltages hav-
ing opposite polarity are applied to adjacent pixels.

[0156] According to still another aspect of the present
invention, there is provided a method of driving the above-
mentioned liquid crystal display in which display condition is
returned to black display condition before the end of a frame.
[0157] According to still another aspect of the present
invention, there is provided a method of driving the above-
mentioned liquid crystal display in which a voltage near the
threshold voltage of liquid crystal molecules is applied before
starting a frame.

[0158] According to still another aspect of the present
invention, there is provided a method of driving the above-
mentioned liquid crystal display in which a light shield layer
is provided at a portion of each pixel in which leakage of light
occurs when a voltage near the threshold voltage of liquid
crystal molecules is applied.

BRIEF DESCRIPTION OF THE DRAWINGS

[0159] These and other features, and advantages, of the
present invention will be more clearly understood from the
following detailed description taken in conjunction with the
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accompanying drawings, in which like reference numerals
designate identical or corresponding parts throughout the
figures, and in which:

[0160] FIG. 1 is a schematic cross sectional view showing
aportion including approximately one pixel of aliquid crystal
display according to the first embodiment of the present
invention;

[0161] FIG. 2 is a schematic cross sectional view illustrat-
ing an operation of the liquid crystal display according to the
first embodiment;

[0162] FIG. 3 is a schematic cross sectional view showing
aportion including approximately one pixel of aliquid crystal
display according to the second embodiment of the present
invention;

[0163] FIG. 4 is a schematic cross sectional view illustrat-
ing an operation of the liquid crystal display according to the
second embodiment;

[0164] FIG. 5is a schematic cross sectional view showing
aportion including approximately one pixel of aliquid crystal
display according to the fourth embodiment of the present
invention;

[0165] FIG. 6 is a schematic cross sectional view illustrat-
ing an operation of the liquid crystal display according to the
fourth embodiment;

[0166] FIG. 7 is a top perspective plan view showing a
portion including approximately one pixel of a liquid crystal
display according to the fifth embodiment of the present
invention;

[0167] FIG. 8 is a top perspective plan view showing a
portion including approximately one pixel of a liquid crystal
display according to the sixth embodiment of the present
invention;

[0168] FIG. 9 is a top perspective plan view showing a
portion including approximately one pixel of a liquid crystal
display according to a variation of the sixth embodiment of
the present invention;

[0169] FIG. 10 is a schematic cross sectional view showing
aportion including approximately one pixel of aliquid crystal
display according to the seventh embodiment of the present
invention;

[0170] FIG. 11 is a schematic cross sectional view illustrat-
ing an operation of the liquid crystal display according to the
seventh embodiment;

[0171] FIG. 12 is a schematic cross sectional view showing
aportion including approximately one pixel of aliquid crystal
display according to the eighth embodiment of the present
invention;

[0172] FIG. 13 is aschematic cross sectional view showing
aportion including approximately one pixel of aliquid crystal
display according to the ninth embodiment of the present
invention;

[0173] FIG. 14 is a top perspective plan view showing a
portion including approximately one pixel of a liquid crystal
display according to the seventh practical example of the
present invention;

[0174] FIG. 15A is a schematic cross sectional view show-
ing a portion including approximately one pixel of a liquid
crystal display according to the twelfth embodiment of the
present invention;

[0175] FIG. 15B is a schematic plan view showing a liquid
crystal display according to the twelfth embodiment of the
present invention;
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[0176] FIG. 15C shows examples of schematic shapes of
pixel electrodes used in the liquid crystal display according to
the present invention;

[0177] FIG. 16 shows examples of schematic shapes of
pixel electrodes in which symmetrical shapes are combined
and which are used in the liquid crystal display according to
the present invention;

[0178] FIG. 17 shows examples of schematic shapes of
pixel electrodes in which notches are provided and which are
used in the liquid crystal display according to the present
invention;

[0179] FIG. 18 shows examples of schematic shapes of
pixel electrodes in which protrusions are provided and which
are used in the liquid crystal display according to the present
invention;

[0180] FIG. 19 shows examples of schematic shapes of
pixel electrodes in which voids are provided and which are
used in the liquid crystal display according to the present
invention;

[0181] FIG. 20 shows examples of schematic shapes of
pixel electrodes in which concave portions are provided and
which are used in the liquid crystal display according to the
present invention;

[0182] FIG. 21A is a schematic cross sectional view show-
ing a portion including approximately one pixel of a liquid
crystal display according to the thirteenth embodiment of the
present invention,;

[0183] FIG. 21B is a schematic plan view showing a pixel
area which includes divided domains having different align-
ment directions in a liquid crystal display according to the
thirteenth embodiment of the present invention;

[0184] FIG. 22A is a schematic cross sectional view show-
ing a portion including approximately one pixel of a liquid
crystal display according to a variation of the thirteenth
embodiment of the present invention;

[0185] FIG. 22B is a schematic plan view showing a pixel
area which includes divided domains having different align-
ment directions in a liquid crystal display according to the
variation of the thirteenth embodiment of the present inven-
tion;

[0186] FIG.23A is a schematic cross sectional view show-
ing a portion including approximately one pixel of a liquid
crystal display according to the fourteenth embodiment of the
present invention;

[0187] FIG. 23B is a schematic plan view showing a pixel
area which includes divided domains having different align-
ment directions in a liquid crystal display according to the
fourteenth embodiment of the present invention;

[0188] FIG. 24A is a schematic cross sectional view show-
ing a portion including approximately one pixel of a liquid
crystal display according to a variation of the fourteenth
embodiment of the present invention;

[0189] FIG. 24B is a schematic plan view showing a pixel
area which includes divided domains having different align-
ment directions in a liquid crystal display according to the
variation of the fourteenth embodiment of the present inven-
tion;

[0190] FIG. 25A 1s a schematic cross sectional view show-
ing a portion including approximately one pixel of a liquid
crystal display according to another variation of the four-
teenth embodiment of the present invention;

[0191] FIG. 25B is a schematic plan view showing a pixel
area which includes divided domains having different align-
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ment directions in a liquid crystal display according to
another variation of the fourteenth embodiment of the present
invention;

[0192] FIG. 26A is a schematic cross sectional view show-
ing a portion including approximately one pixel of a liquid
crystal display according to the fifteenth embodiment of the
present invention;

[0193] FIG. 26B is a schematic plan view showing a pixel
area which includes divided domains having different align-
ment directions in a liquid crystal display according to the
fifteenth embodiment of the present invention;

[0194] FIG. 27A is a schematic cross sectional view show-
ing a portion including approximately one pixel of a liquid
crystal display according to the sixteenth embodiment of the
present invention;

[0195] FIG. 27B is a schematic plan view showing a pixel
area which includes divided domains having different align-
ment directions in a liquid crystal display according to the
sixteenth embodiment of the present invention;

[0196] FIG. 28 is a plan view of a conventional liquid
crystal display disclosed in Japanese patent laid-open publi-
cation No. 63-106624;

[0197] FIG. 29 is a perspective view of a conventional
liquid crystal display disclosed in Japanese patent laid-open
publication No. 63-106624;

[0198] FIG. 301sacross sectional view taken on line a-a' of
FIG. 28;
[0199] FIG. 31 is a perspective plan view showing rubbing

directions and twist of liquid crystal molecules between an
upper substrate and a lower substrate when the liquid crystal
display of FIG. 29 is observed from a bearing angle which is
changed by 45 degrees;

[0200] FIG. 32 is across sectional view taken on line b-b' of
FIG. 31,
[0201] FIG. 33 is a perspective plan view showing rubbing

directions and twist of liquid crystal molecules between an
upper substrate and a lower substrate in a liquid crystal dis-
play shown in SID *92 Digest, p. 798;

[0202] FIG. 34 is across sectional view taken on line ¢-¢' of
FIG. 33;
[0203] FIG. 35 is a perspective plan view showing rubbing

directions and twist of liquid crystal molecules between an
upper substrate and a lower substrate in a liquid crystal dis-
play shown in Japan Display 92 Digest, p. 591;

[0204] FIG. 36 is a cross sectional view taken on line d-d' of
FIG. 33;
[0205] FIG. 37 is a perspective plan view showing rubbing

directions and twist of liquid crystal molecules between an
upper substrate and a lower substrate in a liquid crystal dis-
play shown in SID *92 Digest, p. 269;

[0206] FIG. 38 is a cross sectional view taken on line d-d' of
FIG. 37,
[0207] FIG. 39 is a partial cross sectional view showing a

conventional liquid crystal display shown in Conference
Record of the 1991 International Display Research Confer-
ence, p. 239;

[0208] FIG. 40 is a schematic cross sectional view showing
acondition of lateral electric field in the liquid crystal display
shown in FIG. 39;

[0209] FIG. 41 is aschematic cross sectional view showing
aportion including approximately one pixel of a conventional
TN type liquid crystal display;
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[0210] FIG. 42 is aschematic cross sectional view showing
acondition of electric field in the liquid crystal display shown
in FIG. 41;

[0211] FIG. 43 is a schematic cross sectional view illustrat-
ing an operation of a conventional liquid crystal display;
[0212] FIG. 44A is a schematic cross sectional view show-
ing a portion including approximately one pixel of a conven-
tional liquid crystal display;

[0213] FIG. 44B is a schematic plan view showing an
example of a pixel area in the conventional liquid crystal
display FIG. 44A;

[0214] FIG. 44C is a schematic plan view showing another
example of a pixel area in the conventional liquid crystal
display FIG. 44A; and

[0215] FIG. 45 includes photographs showing variation of
liquid crystal alignment in a pixel of a liquid crystal display
according to the Example 18.

DESCRIPTION OF A PREFERRED
EMBODIMENT

[0216] With reference to the drawings, embodiments of the
present invention will now be described.

Embodiment 1

[0217] FIG. 1 illustrates a schematic cross section of a
portion including approximately one pixel of a liquid crystal
display element according to the first embodiment.

[0218] Referring to FIG. 1, an explanation will be made on
a structure of the liquid crystal display element according to
the first embodiment.

[0219] The liquid erystal display element according to the
first embodiment comprises a pair of opposing transparent
substrates 21 and 22, and liquid crystal material 5 filling the
space between the pair of transparent substrates 21 and 22.
Here, the pair of opposing transparent substrates 21 and 22
constitute an upper substrate 21 and a lower substrate 22.
[0220] The liquid crystal material 5 can be any of nematic
liquid crystal material, cholesteric or chiralsmectic liquid
crystal material, discotic liquid crystal material.

[0221] Operation mode of the liquid crystal material 5 may
be any of TN (Twisted Nematic), STN (Super Twisted Nem-
atic), homogeneous, homeotropic, IPS (In-Plain Switching),
n-cell or OCB (Optically Compensated Bend), cholesteric
phase transition, PDLC (polymer dispersed liquid crystal),
polymer network, and the like.

[0222] Also, a pretilt angle 51 of the liquid crystal material
5, that is, an angle between liquid crystal molecules and the
substrate surface, may be any value.

[0223] On a surface of the lower substrate 22 which faces
toward the upper substrate 21, there are formed wiring elec-
trodes 15 and an insulating layer 4 and pixel electrodes 20.
The wiring electrodes 15 are scanning electrode lines or sig-
nal electrode lines. The pixel electrodes 20 are composed of
transparent material. The wiring electrodes 15 and the pixel
electrodes 20 are mutually insulated or isolated by the insu-
lating layer 4. Also, each pixel includes a switching element
not shown in the drawing, and application of a signal voltage
to each pixel electrode 20 is performed via the switching
element and is controlled by the switching element. As an
example of such switching element, there is a TFT (Thin Film
Transistor) whose gate electrode is constituted of the scan-
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ning electrode line, whose source electrode is coupled with
the signal line, and whose drain electrode is coupled with the
pixel electrode 20.

[0224] On a surface of the upper substrate 21 which faces
toward the lower substrate 22, there are formed an opposing
electrode 19 and uneven structures 1 such as protrusions or
bumps (only one of such uneven structures is shown in FIG.
1). The uneven structure 1 is disposed over the wiring elec-
trode 15. The opposing electrode 19 is made of transparent
material. Also, the opposing electrode 19 is formed such that
the opposing electrode 19 wholly covers the upper substrate
21 and the uneven structure 1.

[0225] Here, it is also possible to dispose the uneven struc-
ture 1 on every wiring electrode 15. Also, the uneven structure
1 can be disposed on each one of some wiring electrodes 15.
For example, in a liquid crystal display element having three
wiring electrodes corresponding to three pixels of red, blue
and green, it is possible to dispose one uneven structure 1 on
any one of the three wiring electrodes.

[0226] In the liquid crystal display element according to
this embodiment shown in FIG. 1, a portion of the transparent
electrode 19 located under the uneven structure 1 contacts the
lower substrate 22. The width of the portion where the trans-
parent electrode 19 and the lower substrate 22 contact each
other is wider than the width of the wiring electrode 15. It is
also possible for the width of the portion where the transpar-
ent electrode 19 and the lower substrate 22 contact each other
to be substantially equal to the width of the wiring electrode
15. However, lateral electric field produced in the liquid crys-
tal display device can be more effectively controlled in the
structure in which the width of the portion where the trans-
parent electrode 19 and the lower substrate 22 contact each
other is wider than the width of the wiring electrode 15 than
in the structure in which the width of the portion where the
transparent electrode 19 and the lower substrate 22 contact
each other is substantially equal to the width of the wiring
electrode 15.

[0227] Next, an explanation will be made on a method of
manufacturing the liquid crystal display element according to
the first embodiment.

[0228] The wiring electrodes 15 are formed on the lower
transparent substrate 22 by using a known method. For
example, a chromium (Cr) layer is formed on the lower trans-
parent substrate 22, and the chromium layer thus formed is
patterned to form the wiring electrodes 15.

[0229] The insulating layer 4 is then formed such that the
insulating layer 4 wholly covers the lower transparent sub-
strate 22 including the wiring electrodes 15 formed on the
lower substrate 22.

[0230] Then, on the insulating film 4 and in each of pixel
regions, the pixel electrode, that is, the lower transparent
electrode 20 is formed by using a well known method. Also,
when the lower transparent electrode is formed, the switching
element such as the TFT and the like for applying a signal
voltage from the wiring electrode 15 to the lower transparent
electrode 20 is formed by using a well known method.
[0231] TIf necessary, it is possible to perform rubbing pro-
cess on the lower transparent substrate 22 by using a well
known method.

[0232] The uneven structure, that is, a protrusion, 1 is
formed on the upper transparent substrate 21. For example,
such protrusion 1 can be formed by using any of methods
described below. That is, when a color filter not shown in the
drawing is formed on the upper transparent substrate, such
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color filter is repeatedly formed and stacked in the region
where the protrusion 1 is to be formed, thereby the protrusion
1 having a predetermined height is formed. Tt is also possible
to stack transparent resin material in the region where the
protrusion 1 is to be formed to obtain the protrusion 1 having
a predetermined height. Further, it is possible to form a trans-
parent resin layer having a predetermined thickness on the
upper transparent substrate and to pattern the transparent
resin layer to leave the protrusion 1 only in the region where
the protrusion 1 is to be formed.

[0233] Theupper transparent electrode 19 is formed which
wholly covers the upper transparent substrate 21 and the
protrusion 1, by using a well known method.

[0234] 1If necessary, it is possible to perform rubbing pro-
cess on the upper transparent substrate 21 by using a well
known method.

[0235] The lower transparent substrate 22 and the upper
transparent substrate 21 are disposed such that the lower
transparent electrode 20 and the upper transparent electrode
19 are opposed to each other, and both substrates 22 and 21
are coupled and sealed at the peripheral portion thereof.
[0236] Lastly, liquid crystal material 5 is injected between
the lower transparent substrate 22 and the upper transparent
substrate 21 by using a vacuum injection method.

[0237] By these process steps mentioned above, the liquid
crystal display element according to the first embodiment of
the present invention is fabricated.

[0238] Now, an operation of the liquid crystal display ele-
ment according to the first embodiment of the present inven-
tion is described.

[0239] FIG. 2 is a cross sectional view used for illustrating
an operation of the liquid crystal display element according to
the first embodiment. In FIG. 2, an illustration of lateral
electric field designated by an arrow 2 and an illustration of a
disclination line designated by a dotted line 3 are added to the
cross sectional view of FIG. 1. Here, the disclination line 3 is
a kind of defect of crystal alignment arising at a boundary
between or among a plurality of adjacent domains having
different alignment of liquid crystal molecules. As can be
seen from FIG. 2, in the liquid crystal display element accord-
ing to this embodiment, the disclination line 3 does not exist
on the pixel electrode 20.

[0240] For reference, FIG. 43 shows a schematic cross sec-
tional structure of a conventional liquid crystal display ele-
ment.

[0241] The conventional liquid crystal display element
shown in FIG. 43 comprises a pair of opposing transparent
substrates 321 and 322, and liquid crystal material 305 filling
the space between the pair of transparent substrates 321 and
322. Here, the pair of opposing transparent substrates 321 and
322 constitute an upper substrate 321 and a lower substrate
322.

[0242] On a surface of the lower substrate 322 which faces
toward the upper substrate 321, there are formed wiring elec-
trodes 315 and an insulating layer 304 and pixel electrodes
320. The wiring electrodes 315 are scanning electrode lines or
signal electrode lines. The pixel electrodes 320 are composed
of transparent material. The wiring electrodes 315 and the
pixel electrodes 320 are mutually insulated or isolated by the
insulating layer 304.

[0243] On a surface of the upper substrate 321 which faces
toward the lower substrate 322, there is formed an opposing
electrode 319. The opposing electrode 319 is made of trans-
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parent material. Also, the opposing electrode 319 is formed
such that the opposing electrode 319 wholly covers the upper
substrate 321.

[0244] InFIG. 43, there are also shown lateral electric field
302 and a disclination line 303 during operation of the liquid
crystal display element. From FIG. 43, it can be seen that the
disclination line 303 exists on the pixel electrode 320 in the
conventional liquid crystal display element.

[0245] The liquid crystal display element according to the
first embodiment of the present invention comprises, as men-
tioned above, the uneven structure 1 in addition to the struc-
ture of the conventional liquid crystal display element shown
in FI1G. 43.

[0246] Since the uneven structure 1 is provided, the inten-
sity of the lateral electric field 2 arising in the liquid crystal
display element according to this embodiment of the present
invention is very weak when compared with the lateral elec-
tric field 302 arising in the conventional liquid crystal display
element shown in FIG. 43. That is, the potential difference
between the pixel electrode 20 and the wiring electrode 15 is
usually much larger than the potential difference between the
pixel electrode 20 and the opposing electrode 19. The uneven
structure 1 is covered by the opposing electrode 19 and is
disposed on the wiring electrode 15 and, therefore, the lateral
electric field 2 in the liquid crystal display element according
to this embodiment is mainly caused by the potential differ-
ence between the pixel electrode 20 and the opposing elec-
trode 19. Therefore, in the liquid crystal display element
according to this embodiment, the disclination line 3 does not
exist on the pixel electrode 20 as mentioned above.

Embodiment 2

[0247] FIG. 3 illustrates a schematic cross section of a
portion including approximately one pixel of a liquid crystal
display element according to the second embodiment.
[0248] Referring to FIG. 3, an explanation will be made on
a structure of the liquid crystal display element according to
the second embodiment.

[0249] The liquid crystal display element according to the
second embodiment comprises a pair of opposing transparent
substrates 21 and 22, and liquid crystal material 5 filling the
space between the pair of transparent substrates 21 and 22.
Here, the pair of opposing transparent substrates 21 and 22
constitute an upper substrate 21 and a lower substrate 22.
[0250] The liquid crystal material 5 can be any of liquid
crystal materials mentioned above with reference to the first
embodiment. Also, operation mode ofthe liquid crystal mate-
rial 5 may be any of the operation modes mentioned above
with reference to the first embodiment. Further, this embodi-
ment can also be applied to an alignment divided system in
which domains having different alignment directions are
included in each pixel, in order to improve viewing angle
dependence and to decrease defects of pixels.

[0251] Also, a pretilt angle 5a of the liquid crystal material
5, that is, an angle between liquid crystal molecules and the
substrate surface, may be approximately zero.

[0252] On a surface of the lower substrate 22 which faces
toward the upper substrate 21, there are formed wiring elec-
trodes 15 and an insulating layer 4 and pixel electrodes 20.
The wiring electrodes 15 are scanning electrode lines or sig-
nal electrode lines. The pixel electrodes 20 are composed of
transparent material. The wiring electrodes 15 and the pixel
electrodes 20 are mutually insulated or isolated by the insu-
lating layer 4. Also, the pixel electrode 20 and the wiring
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electrode 15 are disposed approximately symmetrically with
respect to the center of the pixel.

[0253] On a surface of the upper substrate 21 which faces
toward the lower substrate 22, there are formed an opposing
electrode 19 and uneven structures 1 such as protrusions or
bumps. The uneven structures 1 are disposed over the wiring
electrodes 15. The opposing electrode 19 is made of trans-
parent material. Also, the opposing electrode 19 is formed
such that the opposing electrode 19 wholly covers the upper
substrate 21 and the uneven structures 1.

[0254] Here, the uneven structure 1 is disposed on each of
all the wiring electrode 15. Also, as shown in FIG. 3, a portion
of the transparent electrode 19 located under the uneven
structure 1 contacts the lower substrate 22. The width of the
portion where the transparent electrode 19 formed on the
uneven structure 1 and the lower substrate 22 contact each
other can be any width. By using lateral electric fields caused
by the application of a voltage between the wiring electrodes
15 and the opposing electrode 19, the region filled with the
liquid crystal material 5 is divided into a plurality of domains
having different alignment angles.

[0255] Next, an explanation will be made on a method of
manufacturing the liquid crystal display element according to
the second embodiment. The method of manufacturing the
liquid crystal display element according to the second
embodiment is approximately the same as that of the liquid
crystal display element according to the first embodiment,
except that the portions where the uneven structures 1 are
formed may differ from those of the first embodiment.
[0256] An operation of the liquid crystal display element
according to the second embodiment of the present invention
is now described.

[0257] FIG. 4 is a cross sectional view used for illustrating
an operation of the liquid crystal display element according to
the second embodiment. In FIG. 4, an illustration of lateral
electric field designated by an arrow 2 and an illustration of a
disclination line designated by a dotted line 3 are added to the
cross sectional view of FIG. 3.

[0258] As mentioned above, the pixel electrode 15 and the
opposing electrode 19 are disposed approximately symmetri-
cally with respect to the center of each pixel. Therefore, the
lateral electric fields at both sides of the pixel electrode 20
caused by the application of a voltage between the wiring
electrode 15 and the opposing electrode 19 and between the
pixel electrode 20 and the opposing electrode 19 are approxi-
mately equal to each other in intensity and are approximately
symmetrical with respect to the center of the pixel electrode
20.

[0259] Also, since the pretilt angle 5a of the liquid crystal
molecules 5 is approximately zero degree, two domains hav-
ing different crystal alignments whose boundary is the central
portion of the pixel arise autonomously by such lateral elec-
tric fields. The boundary which divides the pixel area into two
domains is the disclination line 3, and, in the liquid crystal
display element according to this embodiment, the disclina-
tion line 3 exists approximately at the center of the pixel
electrode 20.

Embodiment 3

[0260] An explanation will be made on a liquid crystal
display element according to the third embodiment.

[0261] The liquid crystal display element according to the
third embodiment has substantially the same structure as that
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of the liquid crystal display element according to the second
embodiment, except for the following.

[0262] That is, in the liquid crystal display element accord-
ing to the third embodiment, an optical treatment such as UV
treatment and the like is performed on at least one of the upper
substrate 21 and the lower substrate 22. By such optical
treatmentt, it is possible to produce aligning force to obtain
domains having different alignments of liquid crystal mol-
ecules 5 at the interface between the liquid crystal material
and the substrate or substrates on which the optical treatment
is performed. Also, the pretilt angle of the liquid crystal
molecules 5 can be any value. Further, similarly to the second
embodiment, the width of the portion where the transparent
electrode 19 formed on the uneven structure 1 and the lower
substrate 22 contact each other can be any width. By using
lateral electric fields caused by the application of a voltage
between the wiring electrodes 15 and the opposing electrode
19, the region filled with the liquid crystal material 5 is
divided into a plurality of domains having different alignment
angles.

[0263] An explanation will be made on a method of manu-
facturing the liquid crystal display element according to the
third embodiment. The method of manufacturing the liquid
crystal display element according to the third embodiment is
approximately the same as that of the liquid crystal display
element according to the first embodiment, except that the
optical treatment is performed on at least one of the upper
substrate 21 and the lower substrate 22.

[0264] An operation of the liquid crystal display element
according to the third embodiment of the present invention is
now described.

[0265] When the pretiltangle 5a is approximately zero, the
liquid crystal display element according to the third embodi-
ment operates similarly to that of the liquid crystal display
element according to the second embodiment. Also, when the
aligning force is produced by the optical treatment at the
interface between the liquid crystal material and the substrate
which is optically treated, the alignment direction of the
liquid crystal molecules is determined by the aligning force.
By this aligning force and the lateral electric field 2, the
domain having the same alignment direction of liquid crystal
molecules is determined.

Embodiment 4

[0266] FIG. 5 illustrates a schematic cross section of a
portion including approximately one pixel of a liquid crystal
display element according to the fourth embodiment.

[0267] Referring to FIG. 5, an explanation will be made on
a structure of the liquid crystal display element according to
the fourth embodiment.

[0268] The liquid crystal display element according to the
fourth embodiment comprises a pair of opposing transparent
substrates 21 and 22, and liquid crystal material 5 filling the
space between the pair of transparent substrates 21 and 22.
Here, the pair of opposing transparent substrates 21 and 22
constitute an upper substrate 21 and a lower substrate 22.
[0269] The liquid crystal material 5 can be any of liquid
crystal materials mentioned above with reference to the first
embodiment. Also, operation mode ofthe liquid crystal mate-
rial 5 may be any of the operation modes mentioned above
with reference to the first embodiment. Further, this embodi-
ment can also be applied to an alignment divided system in
which domains having different alignment directions are



US 2010/0066964 A1

included in each pixel, in order to improve viewing angle
dependence and to decrease defects of pixels.

[0270] Also, a pretilt angle Sa of the liquid crystal material
5, that is, an angle between liquid crystal molecules and the
substrate surface, may be any angle.

[0271] On a surface of the lower substrate 22 which faces
toward the upper substrate 21, there are formed wiring elec-
trodes 15 and an insulating layer 4 and pixel electrodes 20.
The wiring electrodes 15 are scanning electrode lines or sig-
nal electrode lines. The pixel electrodes 20 are composed of
transparent material. The wiring electrodes 15 and the pixel
electrodes 20 are mutually insulated or isolated by the insu-
lating layer 4. Also, the pixel electrode 20 and the wiring
electrode 15 are disposed approximately symmetrically with
respect to the center of the pixel.

[0272] On a surface of the upper substrate 21 which faces
toward the lower substrate 22, there are formed an opposing
electrode 19, uneven structures 1 such as protrusions or
bumps, and a protruded structure 23. The uneven structures 1
are disposed over the wiring electrodes 15. The protruded
structure 23 is disposed, for example, over the central portion
of the pixel electrode 20. The uneven structure 1 and the
protruded structure 23 may be mutually different. The oppos-
ing electrode 19 is made of transparent material. Also, the
opposing electrode 19 is formed such that the opposing elec-
trode 19 wholly covers the upper substrate 21, the uneven
structures 1 and the protruded structure 23.

[0273] Here, the uneven structure 1 is disposed on each of
all the wiring electrodes 15. Also, as shown in FIG. 5, a
portion of the transparent electrode 19 located under the
uneven structure 1 contacts the lower substrate 22. The width
of the portion where the transparent electrode 19 formed on
the uneven structure 1 and the lower substrate 22 contact each
other can be any width. By using lateral electric fields caused
by the application of a voltage between the wiring electrodes
15 and the opposing electrode 19, the region filled with the
liquid crystal material 5 is divided into a plurality of domains
having different alignment angles.

[0274] The protruded structure 23 assists forming the
domains having different alignment angles of liquid crystal
molecules included in each pixel.

[0275] 1In this embodiment, it is also possible to form the
protruded structure 23 not on the upper substrate 21 but on the
lower substrate 22. Further, it is possible to provide a plurality
of protruded structures.

[0276] Next, an explanation will be made on a method of
manufacturing the liquid crystal display element according to
the fourth embodiment. The method of manufacturing the
liquid crystal display element according to the fourth embodi-
ment is approximately the same as that of the liquid crystal
display element according to the first embodiment, except
that, in the method of manufacturing the liquid crystal display
element according to the fourth embodiment, the protruded
structure 23 is formed. The protruded structure 23 can be
fabricated by approximately the same method as that of the
uneven structure 1. However, the height of the protruded
structure 23 is lower than that of the uneven structure 1.
[0277] An operation of the liquid crystal display element
according to the fourth embodiment of the present invention
is now described.

[0278] FIG. 6 is a cross sectional view used for illustrating
an operation of the liquid crystal display element according to
the fourth embodiment. In FIG. 6, an illustration of lateral
electric field which arises in an operating condition of the
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liquid crystal display element and which is designated by an
arrow 2 and an illustration of a disclination line designated by
adotted line 3 are added to the cross sectional view of FIG. 5.
[0279] As mentioned above, the pixel electrode 15 and the
opposing electrode 19 are disposed approximately symmetri-
cally with respect to the center of each pixel. Therefore, the
lateral electric fields at both sides of the pixel electrode 20
caused by the application of a voltage between the wiring
electrode 15 and the opposing electrode 19 and between the
pixel electrode 20 and the opposing electrode 19 are approxi-
mately equal to each other in intensity and are approximately
symmetrical with respect to the center of the pixel electrode
20.

[0280] Also, in theliquid crystal display element according
to this embodiment, the disclination line 3 is formed at a
portion which is substantially the same as the portion where
the protruded structure 23 is disposed. The protruded struc-
ture 23 assists division of each pixel area into the domains
having different alignment angles of liquid crystal molecules.
Therefore, variation of location of the disclination line 3
becomes small and superior alignment division characteristic
is obtained.

Embodiment 5

[0281] An explanation will be made on a liquid crystal
display element according to the fifth embodiment.

[0282] The liquid crystal display element according to the
fifth embodiment has substantially the same cross sectional
structure as that of the liquid crystal display element accord-
ing to the second embodiment shown in FIG. 3, except that
each of uneven structures 1 is partially formed as described
below.

[0283] FIG. 7isaperspective plan view of the liquid crystal
display element according to the fifth embodiment, showing
a view looked from the direction of the top surface thereof.
[0284] With reference to FIG. 7, an explanation will be
made on a structure of the liquid crystal display element
according to the fifth embodiment of the present invention.
[0285] That is, on a lower substrate not shown in the draw-
ing, there are provided a pixel electrode 20, a pair of scanning
electrode lines 27, and a pair of signal electrode lines 28
which cross the pair of scanning electrode lines 27 at right
angles. A pair of uneven structures 1a and 1 are formed on an
upper substrate not shown in the drawing and located over the
signal electrode lines 28. Each of the pair of the uneven
structures la and 15 extends partially over the signal elec-
trode line 28. The pair of uneven structures 1a and 15 are
disposed in centrosymmetry with each other around a sym-
metry center point which is approximately the center of the
pixel or the pixel electrode 20. It should be noted that the
symmetry center point is not limited to the center of the pixel,
but can be any point according to the design of each pixel,
such as a structure, a shape and the like thereof.

[0286] An explanation will be made on a method of manu-
facturing the liquid crystal display element according to the
fifth embodiment. The method of manufacturing the liquid
crystal display element according to the fifth embodiment is
approximately the same as that of the liquid crystal display
element according to the first embodiment, except that loca-
tions and shape of the uneven structures differ from those of
the uneven structure 1.

[0287] An operation of the liquid crystal display element
according to the fifth embodiment of the present invention is
now described.
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[0288] InFIG.7, adisclination line 3 which arises when the
liquid crystal display element is in operation is shown by a
dotted line. When a pretilt angle of the liquid crystal mol-
ecules is zero, the disclination line 3 approximately coincides
with the line passing through the above-mentioned symmetry
center, in this case, a diagonal line of the pixel electrode 20, as
shown in FIG. 7. When the liquid crystal display element
according to this embodiment is in operation, an electric field
arises which is symmetrical with respect to the disclination
line 3 shown in FIG. 7. By such electric field, it is possible to
obtain a plurality of domains having different alignment
directions of liquid crystal molecules. It should be noted that
the location of the disclination line 3 can be changed to any
desired location by changing the pretilt angle of the liquid
crystal molecules.

Embodiment 6

[0289] An explanation will be made on a liquid crystal
display element according to the sixth embodiment.

[0290] The liquid crystal display element according to the
sixth embodiment has substantially the same cross sectional
structure as that of the liquid crystal display element accord-
ing to the second embodiment shown in FIG. 3, except that
each of uneven structures 1 is partially formed as described
below.

[0291] FIG. 8isaperspective plan view of the liquid crystal
display element according to the sixth embodiment, showing
a view looked from the direction of the top surface thereof.
[0292] With reference to FIG. 8, an explanation will be
made on a structure of the liquid crystal display element
according to the sixth embodiment of the present invention.
[0293] That is, on a lower substrate not shown in the draw-
ing, there are formed a pixel electrode 20, a pair of scanning
electrode lines 27, and a pair of signal electrode lines 28
which cross the pair of scanning electrode lines 27 at right
angles. A pair of uneven structures 1¢ and 14 are formed on an
upper substrate not shown in the drawing and located over the
signal electrode lines 28. A pair of uneven structures le and 1f°
are formed on an upper substrate not shown in the drawing
and located over the scanning electrode lines 27. Each of the
pair of the uneven structures 1c and 14 extends partially over
the signal electrode line 28. Each of the pair of the uneven
structures 1e and 1f extends partially over the scanning elec-
trode line 27.

[0294] The pair of uneven structures 1¢ and 14 are disposed
in symmetry with each other between a symmetry center line
which is a first center line approximately parallel to the signal
electrode line 28 and passing through the center of the pixel or
the pixel electrode 20. Also, the pair of uneven structures 1e
and 1f are disposed in symmetry with each other between a
symmetry center line which is a second center line approxi-
mately parallel to the scanning electrode line 27 and passing
through the center of the pixel or the pixel electrode 20. The
uneven structures 1¢ and 1d are disposed in centrosymmetry
with each other around a symmetry center point which is the
intersection of the first center line and the second center line
and which is approximately the center of the pixel or the pixel
electrode 20. It should be noted that the symmetry center
point is not limited to the center of the pixel, but can be any
point according to the design of each pixel, such as a struc-
ture, a shape and the like thereof.

[0295]  An explanation will be made on a method of manu-
facturing the liquid crystal display element according to the
sixth embodiment. The method of manufacturing the liquid
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crystal display element according to the sixth embodiment is
approximately the same as that of the liquid crystal display
element according to the first embodiment, except that loca-
tions, number and shape of the uneven structures differ from
those of the uneven structure 1.

[0296] An operation of the liquid crystal display element
according to the sixth embodiment of the present invention is
now described.

[0297] InFIG. 8, disclination lines 3 which arise when the
liquid crystal display element is in operation are shown by
dotted lines. When a pretilt angle of the liquid crystal mol-
ecules is assumed to be zero and when a voltage is applied to
the liquid crystal display element according to this embodi-
ment, an electric field is produced by the pair of uneven
structures 1¢ and 14 which is approximately symmetrical
with respect to the first center line as the symmetry center line.
Similarly, an electric field is produced by the pair of uneven
structures 1e and 1/which is approximately symmetrical with
respect to the second center line as the symmetry center line.
The disclination lines 3 produced by such electric fields are
shown in FIG. 8 by dotted lines. By such electric field, it is
possible to obtain four domains which are divided by these
disclination lines 3 and which have different alignment direc-
tions of liquid crystal molecules. Therefore, in this embodi-
ment, it is possible to realize a predetermined divided align-
ment distribution. It should be noted that the locations of the
disclination lines 3 can be changed to any desired locations by
changing the pretilt angle of the liquid crystal molecules.
Also, by combining the structure of the liquid crystal display
element according to the sixth embodiment with the structure
of each of the liquid crystal display elements according to the
second through fifth embodiments, it is possible to obtain
synergistic effect from the effect obtained by the sixth
embodiment and the effect obtained by the second through
fifth embodiments.

[0298] An explanation will be made on a liquid crystal
display element as a variation of the sixth embodiment. This
variation is obtained by applying the above-mentioned struc-
ture of the sixth embodiment to a liquid crystal display ele-
ment which have pixels each having a hexagonal shape when
viewed from the top side thereof.

[0299] FIG. 9isaperspective plan view of the liquid crystal
display element according to the variation of the sixth
embodiment, showing a view looked from the top side
thereof.

[0300] In the liquid crystal display element shown in FIG.
9, on a lower substrate not shown in the drawing, there are
formed a pixel electrode 20, a pair of scanning electrode lines
27, and a pair of signal electrode lines 28. A plurality of
uneven structures 1g, 1%, 1i, 1j, 1k and 1/ are formed on an
upper substrate not shown in the drawing and located over the
scanning electrode lines 27 or the signal electrode lines 28.
These plurality of uneven structures 1g, 14, 17, 1j, 1k and 1/
are located at respective sides of the pixel having a hexagonal
shape and formed over the scanning electrode lines 27 or the
signal electrode lines 28 which run on the periphery of the
hexagonal pixel electrode 20.

[0301] The pair of uneven structures 1g and 1/ are disposed
in centrosymmetry with each other around a symmetry center
point which is approximately the center of the pixel or the
pixel electrode 20. Also, the pair of uneven structures 1/ and
1/ are disposed in centrosymmetry with each other around a
symumetry center point which is approximately the center of
the pixel or the pixel electrode 20, and the pair of uneven
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structures 17 and 1k are disposed in centrosymmetry with
each other around a symmetry center point which is approxi-
mately the center of the pixel or the pixel electrode 20. It
should be noted that the symmetry center point is not limited
to the center of the pixel, but can be any point according to the
design of each pixel, such as a structure, a shape and the like
thereof.

[0302] An operation of the liquid crystal display element
according to the variation of the sixth embodiment of the
present invention is now described.

[0303] InFIG.9, disclination lines 3 which arise when the
liquid crystal display element is in operation are shown by
dotted lines. When a pretilt angle of the liquid crystal mol-
ecules is assumed to be zero and when a voltage is applied to
the liquid crystal display element according to this embodi-
ment, an electric field is produced by the pair of uneven
structures 1g and 1/, which electric field is approximately
symmetrical with respect to a symmetry center line, i.e., the
first center line passing through the symmetry center point
and parallel to the sides where the uneven structures 1g and 1/
are disposed. Similarly, an electric field is produced by the
pair of uneven structures 1% and 1/, which electric field is
approximately symmetrical with respect to a symmetry cen-
ter line, i.e., the second center line passing through the sym-
metry center point and parallel to the sides where the uneven
structures 1% and 15 are disposed. Further, an electric field is
produced by the pair of uneven structures 1% and 1, which
electric field is approximately symmetrical with respect to a
symmetry center line, i.e., the third center line passing
through the symmetry center point and parallel to the sides
where the uneven structures 1k and 1i are disposed. The
disclination lines 3 produced by such electric fields are shown
in FIG. 9 by dotted lines. By such electric field, it is possible
to obtain six domains which are divided by these disclination
lines 3 and which have different alignment directions of lig-
uid crystal molecules. Therefore, in this embodiment, it is
possible to realize a predetermined divided alignment distri-
bution. It should be noted that the locations of the disclination
lines 3 can be changed to any desired locations by changing
the pretilt angle of the liquid crystal molecules. Also, by
combining the structure of the liquid crystal display element
according to the variation of the sixth embodiment with the
structure of each of the liquid crystal display elements
according to the second through fifth embodiments, it is pos-
sible to obtain synergistic effect from the effect obtained by
the variation of the sixth embodiment and the effect obtained
by the second through fifth embodiments.

[0304] Further, as still another variation, it is possible to
dispose a plurality of uneven structures which are symmetri-
cal with respect to a symmetry center point disposed within
the pixel electrode. In such case, since the disposition of the
electrodes including the uneven structures is symmetrical, an
electric field arises in the periphery of the pixel electrode,
which electric field is centrosymmetrical around the symme-
try center point. By this electric field, it is possible to divide
each pixel into many domains having different alignment of
liquid crystal molecules.

Embodiment 7

[0305] FIG. 10 illustrates a schematic cross section of a
portion including approximately one pixel of a liquid crystal
display element according to the seventh embodiment.
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[0306] Referring to FIG. 10, an explanation will be made on
a structure of the liquid crystal display element according to
the seventh embodiment.

[0307] The liquid crystal display element according to the
seventh embodiment comprises a pair of opposing transpar-
ent substrates 21 and 22, and liquid crystal material 5 filling
the space between the pair of transparent substrates 21 and 22.
Here, the pair of opposing transparent substrates 21 and 22
constitute an upper substrate 21 and a lower substrate 22.
[0308] The liquid crystal material 5 can be any of liquid
crystal materials mentioned above with reference to the first
embodiment. Also, operation mode ofthe liquid crystal mate-
rial 5 may be any of the operation modes mentioned above
with reference to the first embodiment. Further, this embodi-
ment can also be applied to an alignment divided system in
which domains having different alignment directions are
included in each pixel, in order to improve viewing angle
dependence and to decrease defects of pixels.

[0309] Also, a pretilt angle Sa of the liquid crystal material
5, that is, an angle between liquid crystal molecules and the
substrate surface, may be any value. It may be approximately
zero or any other angle.

[0310] On the surface of the lower substrate 22 which faces
toward the upper substrate 21, there are formed wiring elec-
trodes 15 and an insulating layer 4 and pixel electrodes 20.
The wiring electrodes 15 are scanning electrode lines or sig-
nal electrode lines. The pixel electrodes 20 are composed of
transparent material. The wiring electrodes 15 and the pixel
electrodes 20 are mutually insulated or isolated by the insu-
lating layer 4. Also, the pixel electrode 20 and the wiring
electrode 15 are disposed approximately symmetrically with
respect to the center of the pixel.

[0311] On the surface of the upper substrate 21 which faces
toward the lower substrate 22, there are formed an opposing
electrode 19 and uneven structures 1 such as protrusions or
bumps. The uneven structures 1 are disposed over the wiring
electrodes 15. The opposing electrode 19 is made of trans-
parent material. The opposing electrode 19 is formed such
that the opposing electrode 19 wholly covers the upper sub-
strate 21 and the uneven structures 1. Also, a slit like hole 24
is formed in a part of the opposing electrode 19.

[0312] Here, the uneven structure 1 is disposed on each of
all the wiring electrode 15. Also, as shown in FIG. 10, a
portion of the transparent electrode 19 located under the
uneven structure 1 contacts the lower substrate 22. The width
of the portion where the transparent electrode 19 formed on
the uneven structure 1 and the lower substrate 22 contact each
other can be any width. By using lateral electric fields caused
by the application of a voltage between the wiring electrodes
15 and the opposing electrode 19, the region filled with the
liquid crystal material 5 is divided into a plurality of domains
having different alignment angles.

[0313] Inthe structure of the liquid crystal display element
according to the seventh embodiment, there is provided a slit
like hole 40 at a portion of the opposing electrode 19, in
addition to the structure of the liquid crystal display element
according to the second embodiment.

[0314] Next, an explanation will be made on a method of
manufacturing the liquid crystal display element according to
the seventh embodiment. The method of manufacturing the
liquid crystal display element according to the seventh
embodiment includes a process of forming the slit like hole 24
at a portion of the opposing electrode 19, in addition to the
above-mentioned method of manufacturing the liquid crystal
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display element according to the first embodiment. The slit
like hole 40 can be formed, for example, by selectively
removing a slit like portion of the transparent electrode mate-
rial from the opposing electrode 19 by using a known method,
such as photolithography and etching and the like.

[0315] An operation of the liquid crystal display element
according to the seventh embodiment of the present invention
will now be described.

[0316] FIG.11isacross sectional view used for illustrating
an operation of the liquid crystal display element according to
the seventh embodiment. In FIG. 11, an illustration of lateral
electric field designated by an arrow 2 and an illustration of a
disclination line designated by a dotted line 3 are added to the
cross sectional view of FIG. 10.

[0317] As mentioned above, the pixel electrode 15 and the
opposing electrode 19 are disposed approximately symmetri-
cally with respect to the center of each pixel. Therefore, the
lateral electric fields at both sides of the pixel electrode 20
caused by the application of a voltage between the wiring
electrode 15 and the opposing electrode 19 and between the
pixel electrode 20 and the opposing electrode 19 are approxi-
mately equal to each other in intensity, and are approximately
symmetrical with respect to the center of the pixel electrode
20.

[0318] Also, since the slit like hole 24 is disposed at a
portion of the opposing electrode 19 and at approximately the
center of the pixel, two domains having different crystal
alignments whose boundary is the central portion of the pixel
arise autonomously by the electric fields produced when the
liquid crystal display element according to this embodiment
is in operation. The boundary which divides the pixel area
into two domains is the disclination line 3, and, in the liquid
crystal display element according to this embodiment, the
disclination line 3 exists approximately at the center of the
pixel electrode 20.

[0319] Also, by combining the structure of the liquid crys-
tal display element according to the seventh embodiment with
the structure of each of the liquid crystal display elements
according to the second through sixth embodiments, it is
possible to obtain synergistic effect from the effect obtained
by the seventh embodiment and the effect obtained by the
second through sixth embodiments.

Embodiment 8

[0320] FIG. 12 illustrates a schematic cross section of a
portion including approximately one pixel of a liquid crystal
display element according to the eighth embodiment of the
present invention.

[0321] Referringto FIG. 12, an explanation will be made on
a structure of the liquid crystal display element according to
the eighth embodiment.

[0322] The liquid crystal display element according to the
eighth embodiment comprises a pair of opposing transparent
substrates 21 and 22, and liquid crystal material 5 filling the
space between the pair of transparent substrates 21 and 22.
Here, the pair of opposing transparent substrates 21 and 22
constitute an upper substrate 21 and a lower substrate 22.
[0323] The liquid crystal material 5 can be any of liquid
crystal materials mentioned above with reference to the first
embodiment. Also, operation mode of the liquid crystal mate-
rial 5 may be any of the operation modes mentioned above
with reference to the first embodiment. Further, this embodi-
ment can also be applied to an alignment divided system in
which domains having different alignment directions are

Mar. 18, 2010

included in each pixel, in order to improve viewing angle
dependence and to decrease defects of pixels.

[0324] Also, a pretilt angle Sa of the liquid crystal material
5, that is, an angle between liquid crystal molecules and the
substrate surface, may be any value. It may be approximately
zero or any other angle.

[0325] On the surface of the lower substrate 22 which faces
toward the upper substrate 21, there are formed wiring elec-
trodes 15, an insulating layer 4, pixel electrodes 20 and a
cover insulating layer 25. The wiring electrodes 15 are scan-
ning electrode lines or signal electrode lines. The pixel elec-
trodes 20 are composed of transparent material. The wiring
electrodes 15 and the pixel electrodes 20 are mutually insu-
lated or isolated by the insulating layer 4. Also, the cover
insulating layer 25 covers the whole area on the lower sub-
strate 22.

[0326] On the surface of the upper substrate 21 which faces
toward the lower substrate 22, there are formed an opposing
electrode 19 and uneven structures 1 such as protrusions or
bumps. The uneven structures 1 are disposed over the wiring
electrodes 15. The opposing electrode 19 is made of trans-
parent material. The opposing electrode 19 is formed such
that the opposing electrode 19 wholly covers the upper sub-
strate 21 and the uneven structures 1. Also, portions of the
opposing electrode 19 under the uneven structures 1 contact
the cover insulating layer 25 on the lower substrate 22, when
the upper substrate 21 and the lower substrate 22 are opposed.
[0327] Here, the uneven structure 1 may be disposed on
each of all the wiring electrode 15. Also, the uneven structure
1 can be disposed on each one of some wiring electrodes 15.
For example, in a liquid crystal display element having three
wiring electrodes corresponding to three pixels of red, blue
and green, it is possible to dispose one uneven structure 1 on
any one of the three wiring electrodes.

[0328] Inthe structure of the liquid crystal display element
according to the eighth embodiment, there is provided the
cover insulating layer 25 which covers the lower substrate 22,
in addition to the structure of the liquid crystal display ele-
ment according to the first embodiment.

[0329] Next, an explanation will be made on a method of
manufacturing the liquid crystal display element according to
the eighth embodiment. The method of manufacturing the
liquid crystal display element according to the eighth
embodiment includes a process of forming the cover insulat-
ing layer 25 such that the cover insulating layer 25 wholly
covers the lower transparent electrode 20, the insulating film
or layer 4 and the wiring electrode 15 formed on the lower
transparent substrate 22, in addition to the above-mentioned
method of manufacturing the liquid crystal display element
according to the first embodiment. The cover insulating layer
25 can be formed, for example, by a well known method, such
as sputtering and the like.

[0330] An operation of the liquid crystal display element
according to the eighth embodiment of the present invention
will now be described.

[0331] Since the upper substrate 19 is disposed closely to
the wiring electrode 15 and/or to the pixel electrode 20 via the
cover insulating layer 25, storage capacitance is provided
between the upper substrate 19 and the wiring electrode 15
and/or between the upper substrate 19 and the pixel electrode
20. In this structure, the storage capacitance can be suffi-
ciently large without increasing the width of the wiring elec-
trode 15 which is made of opaque material such as chromium
(Cr). Therefore, it is possible to obtain large storage capaci-
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tance without deteriorating the aperture ratio of each pixel, or
it is possible to obtain large aperture ratio of each pixel
without decreasing the storage capacitance.

[0332] Also, by combining the structure of the liquid crys-
tal display element according to the eighth embodiment with
the structure of each of the liquid crystal display elements
according to the second through seventh embodiments, it is
possible to obtain synergistic effect from the effect obtained
by the eighth embodiment and the effect obtained by the
second through seventh embodiments.

Embodiment 9

[0333] FIG. 13 illustrates a schematic cross section of a
liquid crystal display element according to the ninth embodi-
ment. The liquid crystal display element according to the
ninth embodiment comprises a contact portion for supplying
a potential voltage to the opposing electrode 19 from the
lower substrate 22, which contact portion is usable in the
liquid crystal display elements according to the first through
eighth embodiments of the present invention.

[0334] Referring to FIG. 13, an explanation will be made on
a structure of the liquid crystal display element according to
the ninth embodiment.

[0335] The liquid crystal display element according to the
ninth embodiment comprises a pair of opposing transparent
substrates 21 and 22, and liquid crystal material 5 filling the
space between the pair of transparent substrates 21 and 22.
Here, the pair of opposing transparent substrates 21 and 22
constitute an upper substrate 21 and a lower substrate 22.
[0336] The liquid crystal material 5 can be any of liquid
crystal materials mentioned above with reference to the first
embodiment. Also, operation mode of the liquid crystal mate-
rial 5 may be any of the operation modes mentioned above
with reference to the first embodiment. Further, this embodi-
ment can also be applied to an alignment divided system in
which domains having different alignment directions are
included in each pixel, in order to improve viewing angle
dependence and to decrease defects of pixels.

[0337] Also, a pretilt angle 51 of the liquid crystal material
5, that is, an angle between liquid crystal molecules and the
substrate surface, may be any value. It may be approximately
zero, or may be any other angle.

[0338] On a surface of the upper substrate 21 which faces
toward the lower substrate 22, there are formed an opposing
electrode 19 and uneven structures 1 such as protrusions or
bumps (only one of such uneven structures is shown in the
drawing). Each of the uneven structures 1 is disposed over the
wiring electrode 15. The opposing electrode 19 is made of
transparent material. Also, the opposing electrode 19 is
formed such that the opposing electrode 19 wholly covers the
upper substrate 21 and the uneven structures 1. Also, each of
predetermined uneven structures 1 is disposed over a prede-
termined scanning electrode line or a signal electrode line. In
this embodiment, each portion of the opposing electrode 19
formed on the predetermined uneven structures 1 is electri-
cally coupled with a predetermined scanning electrode line
contact portion 27a.

[0339] On a surface of the lower substrate 22 which faces
toward the upper substrate 21, there are formed wiring elec-
trodes 15 and an insulating layer 4 and pixel electrodes 20.
The wiring electrodes 15 are scanning electrode lines or sig-
nal electrode lines. The pixel electrodes 20 are composed of
transparent material. The wiring electrodes 15 and the pixel
electrodes 20 are mutually insulated or isolated by the insu-
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lating layer 4. Also, on the lower substrate 22 and on a portion
which contacts the opposing electrode 19 under the uneven
structure 1, there is provided a signal electrode line contact
portion 28a which is formed on the scanning electrode line
27a, i.e., the wiring electrode 15, and which is coupled with
the scanning electrode line contact portion 27a. Further, on
the signal electrode line contact portion 28a, there is formed
a pixel electrode contact portion 20a coupled with the signal
electrode line contact portion 28a. Also, on the pixel electrode
contact portion 20a, there is provided a conductive adhesive
layer 26 coupled with the pixel electrode contact portion 20a.
The conductive adhesive layer 26 couples with the portion of
the opposing electrode 19 under the uneven structure 1.
[0340] In this embodiment, the scanning electrode layer is
avoltage supplying layer and scanning electrode line contact
portion 27a is a wiring electrode 15. It is possible to use a
structure in which the signal electrode layer is a voltage
supplying layer and signal electrode line contact portion 28a
is a wiring electrode 15. In such case, it is preferable that the
scanning electrode line contact portion 27« is not provided.
[0341] Inthe liquid crystal display element according to the
ninth embodiment, thickness or height of the conductive
adhesive layer 26 in the contact portion can be smaller than
that of the conventional liquid crystal display element which
does not have the above-mentioned uneven structures. There-
fore, it is possible to realize a reliable contact having low
electric resistance.

[0342] Next, an explanation will be made on an example of
amethod of manufacturing the liquid crystal display element
according to the ninth embodiment.

[0343] The scanning electrode layer 27« is formed on the
lower transparent substrate 22 by using a known method. For
example, a chromium (Cr) layer is formed on the lower trans-
parent substrate 22 by a sputtering method, and the chromium
layer thus formed is patterned to form the scanning electrode
layer 27a.

[0344] The insulating layer 4 is then formed such that the
insulating layer 4 wholly covers the lower transparent sub-
strate 22 including the scanning electrode layer 274 formed
on the lower substrate 22.

[0345] Then, a portion of the insulating layer 4 on the
scanning electrode layer 27a is removed, and the signal elec-
trode layer28a is formed on the scanning electrode layer 27a.
[0346] Then, on the insulating film 4 and in each of a
plurality of pixel regions having predetermined patterns, the
pixel electrodes, that is, the lower transparent electrodes 20
are formed by using a well known method. In this case, a part
of the lower transparent electrode 204 coupled with the signal
electrode layer 28a is formed also on the signal electrode
layer 28a.

[0347] If necessary, it is possible to perform rubbing pro-
cess on the lower transparent substrate 22 by using a well
known method.

[0348] The uneven structure, that is, a protrusion, 1 is
formed on the upper transparent substrate 21. For example,
such protrusion 1 can be formed by using any of methods
described below. That is, when a color filter not shown in the
drawing is formed on the upper transparent substrate 21, such
color filter is repeatedly formed and stacked in the region
where the protrusion 1 is to be formed, thereby the protrusion
1 having a predetermined height is formed. It is also possible
to stack transparent resin material in the region where the
protrusion 1 is to be formed to obtain the protrusion 1 having
a predetermined height. Further, it is possible to form a trans-
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parent resin layer having a predetermined thickness on the
upper transparent substrate and to pattern the transparent
resin layer to leave the protrusion 1 only in the region where
the protrusion 1 is to be formed.

[0349] Theupper transparent electrode 19 is formed which
wholly covers the upper transparent substrate 21 and the
protrusion 1, by using a well known method.

[0350] On the protrusion 1, the conductive adhesive layer
26 1s formed. An example of a material of the conductive
adhesive layer 26 is conductive resin.

[0351] If necessary, it is possible to perform rubbing pro-
cess on the upper transparent substrate 21 by using a well
known method.

[0352] The lower transparent substrate 22 and the upper
transparent substrate 21 are disposed such that the lower
transparent electrode 20 and the upper transparent electrode
19 are opposed to each other. In this case, the conductive
adhesive layer 26 and the lower transparent electrode 22 are
coupled with each other. Both substrates 22 and 21 are
coupled and sealed at the peripheral portion thereof.

[0353] Lastly, liquid crystal material 5 is injected between
the lower transparent substrate 22 and the upper transparent
electrode 19 by using a vacuum injection method.

[0354] By these process steps mentioned above, the liquid
crystal display element according to the ninth embodiment of
the present invention is fabricated.

[0355] With respect to forming the conductive adhesive
layer 26, it is also possible to form the conductive adhesive
layer 26 on the lower transparent electrode 22 on the scanning
electrode layer 27a which is on the lower transparent elec-
trode 22. In this case, when the lower transparent substrate 20
and the upper transparent substrate 19 are disposed such that
the lower transparent electrode 22 and the upper transparent
electrode 21 oppose with each other, the conductive adhesive
layer 26 is coupled with the portion of the upper transparent
electrode 21 formed on the uneven structure 1.

Embodiment 10

[0356] An explanation will be made on the tenth embodi-
ment of the present invention. The tenth embodiment con-
cerns a method of fabricating the uneven structures 1 and the
opposing electrode 19 in the liquid crystal display elements
according to the first through ninth embodiments of the
present invention.

[0357] In this method, first, the uneven structures 1 are
formed on the upper substrate 21. Then, the opposing elec-
trode 19 is formed on whole area of the upper substrate 21 to
a film thickness in which disconnection or break of the oppos-
ing electrode 19 does not occur. By this process, it is possible
to form an electrode on also the side surface of the uneven
structure 1 to supply a potential voltage to the opposing
electrode 19 from the side of the lower substrate 22. Also, it is
possible to pattern the opposing electrode 19, if necessary.

Embodiment 11

[0358] An explanation will be made on the eleventh
embodiment of the present invention.

[0359] A liquid crystal display element according to the
eleventhembodiment is obtained by replacing the liquid crys-
tal material 5 used in the liquid crystal display elements
according to the first through tenth embodiment with a liquid
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crystal material having smectic phase, such as ferroelectric
liquid crystal, antiferroelectric liquid crystal, electroclinic
liquid crystal and the like.

[0360] By using the smectic phase, it is possible to reduce
defects such as disclination which is different from the nem-
atic phase. Also, by using this embodiment, mechanical
strength which is conventionally not sufficient in the smectic
phase can be increased. Further, by combining this embodi-
ment with the liquid crystal display element according to the
seventh through ninth embodiments, it is possible to realize a
layer divided structure.

[0361] Here, some practical examples concerning the
above-mentioned first through eleventh embodiments will be
described.

Example 1

[0362] In the first example of the liquid crystal display
element, the present invention is applied to a domain divided
liquid crystal display which uses homeotropic aligned nem-
atic liquid crystal and which is called a multi-domain vertical
aligned nematic (MVA) liquid crystal display.

[0363] Insuchliquidcrystal display, 480 gate bus lines, i.e.,
scanning electrode lines, and 640 drain bus lines, i.e., signal
electrode lines, were formed perpendicularly to each other
from chromium (Cr) by sputtering. The width of each of the
gate bus lines and the drain bus lines was 10 micrometers
(um). A gate insulating film was made of silicon nitride
(SiNx). The size of one pixel was 330 wm in vertical direction
and 110 pm in horizontal direction. Amorphous silicon was
used to form a thin film transistor (TFT). Pixel electrodes
were made of indium tin oxide (ITO) and were formed by
sputtering. These TFT’s were formed in an array on a glass
substrate, thereby the first substrate was fabricated.

[0364] On a second substrate which opposes the first sub-
strate, a light shield layer made of chromium is formed and
then color filter layers were formed in a matrix by using a
dyeing method. When the color filter layers are formed, thick-
ness of each color filter layer was 1.5 um, and, by stacking
three color filter layers, an uneven structure having a thick-
ness of 4.5 um was obtained. The uneven structure was and
formed such that, when the uneven structure was opposed to
the TFT substrate, the structure shown in FIG. 3 was obtained,
and formed in each area other than the opening portions of
pixels. The transparent electrode, that is, common electrode
was formed on whole area of the second substrate by using
ITO.

[0365] Thereafter, soluble polyimide was printed on both
the first substrate and the second substrate by using a printing
method, and baked at 180 degrees Celsius to remove solvent.
The thickness of the alignment layer measured by a contact
step meter was approximately 500 mangstroms. The pretilt
angle measured by the crystal rotation method was 90
degrees.

[0366] Onone of the glass substrates, a thermocurable seal-
ing material was applied in which cylindrical rod spacers of
glass each having a diameter of4.7 pm were dispersed. These
substrates were opposed, and the sealing material was cured
by heat treatment. Thereby, a liquid crystal panel having a gap
of 4.5 um was assembled. Into this panel, nematic liquid
crystal material having a negative anisotropy of permittivity
was injected under vacuum condition. Driver [C’s and the like
were attached to the liquid crystal panel fabricated in this way,
and a liquid crystal display was completed.
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[0367] In the liquid crystal display according to the
Example 1, superior alignment division having two domains
was attained, and a wide viewing angle was realized.

Example 2

[0368] A liquid crystal display according to the Example 2
was fabricated similarly to that of the Example 1, except that
the disposition of the uneven structures of the liquid crystal
display of the Example 1 was changed to the disposition
shown in FIG. 8.

[0369] In the liquid crystal display according to the
Example 2, superior alignment division having four domains
was attained, and a viewing angle wider than that of the
Example 1 was realized.

Exaniple 3

[0370] A liquid crystal display according to the Example 3
was fabricated similarly to that of the Example 2, except that,
in addition to the structure of the Example 2, the protrusions
shown in FIG. 5 were provided in the second substrate.
[0371] In the liquid crystal display according to the
Example 3, alignment division having four domains was
attained which is superior to that of the Example 2. Con-
cretely, movement ofa disclination line at the division bound-
ary does not appear and stable display condition was
obtained.

Example 4

[0372] Aliquid crystal display according to the Example 4
was fabricated similarly to that of the Example 3, except that,
in addition to the structure of the Example 3, the protrusions
shown in FIG. 5 were also provided in the TFT substrate.
[0373] In the liquid crystal display according to the
Example 4, alignment division having four domains was
attained which is superior to that of the Example 3. Con-
cretely, movement of a disclination line at the division bound-
ary does not appear at all and stable display condition was
obtained. Also, a response speed of the liquid crystal display
when a voltage was applied thereto became higher than that of
the liquid crystal display of the Example 3. This is because,
liquid crystal molecules have an alignment condition caused
or induced by the protrusion in the liquid crystal panel. It is
considered that the protrusion triggers or prompts the division
of alignment and therefore deformation of alignment and the
like caused by the electric field can be easily performed.

Example 5

[0374] A liquid crystal display of this example was
obtained by applying the present invention to a liquid crystal
display element in which a wide viewing angle was obtained
by adding an optical compensation film to m-cell called an
OCB (Optically Compensated Birefringence).

[0375] A method of manufacturing a liquid crystal display
according to this example will now be described. A TFT
substrate and a CF substrate were fabricated similarly to those
of the liquid crystal display according to the Example 1. With
respect to the color filter, it was fabricated by an ink-jet
system in which dye was applied as bubble jet to the CF
substrate. Uneven structures having a thickness of 6 um was
formed by stacking transparent resin material other than the
color filter. Also, the uneven structures were formed in the
portions other than the opening portions of pixels such that,
when the uneven structures were opposed to the TFT sub-
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strate, the structure shown in FIG. 1 was obtained and the
uneven structures opposes to the signal electrode. One uneven
structures were formed per three signal electrode lines.
[0376] Thereafter, polyamic acid was applied on both the
first substrate and the second substrate by using a spin coating
method, and baked at 200 degrees Celsius to form polyimide
films. These polyimide films were rubbed in a direction such
that parallel rubbing condition is obtained. In this case, a buff
cloth ofrayon was wound around a roller having a diameter of
50 mm. A revolution speed of the roller was 600 rpm, the
velocity ofa stage was 40 mm/sec., a quantity of plunging was
0.7 mm, and rubbing was performed two times. The thickness
of the alignment layers measured by a contact step meter was
approximately 500 angstroms. The pretilt angle measured by
the crystal rotation method was 7 degrees.

[0377] On one of the glass substrates, an ultravioletcurable
sealing material was applied in which cylindrical rod spacers
of glass each having a diameter of about 6 um were dispersed.
These substrates were opposed such that the directions of
rubbing treatment have a relationship of parallel rubbing, and
the sealing material was cured by a curing process in which
ultraviolet rays were irradiated in a non-contact condition.
Thereby, a liquid crystal panel having a gap of 6 um was
assembled. Into this panel, nematic liquid crystal material
was injected.

[0378] In the liquid crystal display of this example, an
optical compensation film was added which was designed to
obtain the same effect as that of the OCB (Optically Com-
pensated Birefringence) mode shown in SID *94, Digest, pp.
927-930. Driver IC’s and the like were attached to the liquid
crystal panel fabricated in this way, and a liquid crystal dis-
play was completed.

[0379] In the liquid crystal display according to the
Example 5, a liquid crystal display was realized which has a
high drive speed and a wide viewing angle. Also, in this liquid
crystal display, even when an external force was applied, for
example, by pressing the liquid crystal display panel by a
finger and the like, no disturbance of display was observed. In
the conventional OCB panel, when an external force was
applied, liquid crystal alignment was changed from the bend
alignment to the spray alignment. In the liquid crystal display
according the Example 5 of the present invention, such a
defect was not observed at all. Therefore, in the liquid crystal
display according the Example 5 of the present invention,
even if a touch-panel was applied to the liquid crystal display,
normal operation can be done with superior performance
mentioned above.

Example 6

[0380] A liquid crystal display of this example was
obtained by applying the present invention to the liquid crys-
tal material having the smectic mode used in a liquid crystal
display element of the Embodiment 11.

[0381] A method of manufacturing a liquid crystal display
according to this example will now be described. A TFT
substrate and a CF substrate were fabricated similarly to those
of the liquid crystal display according to the Example 1. With
respect to the color filter structure, the thickness of the color
filter layer of one color was fabricated to become 1.6 pm.
Uneven structures was formed by using only the layer of this
color. Also, the uneven structure was formed in the portion
outside the display area such that the uneven structure sur-
rounds the display area and such that only a part of the uneven
structure was opened. The uneven structure outside the dis-
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play area becomes a wall of a sealing material, and the opened
portion becomes an opening for injecting the liquid crystal
material.

[0382] Also, the structure of the liquid crystal display
according to the Embodiment 9 shown in FIG. 13 was used,
and the insulating layer of the contact portion was removed by
patterning. Thereafter, polyamic acid was applied on both the
first substrate and the second substrate by using a spin coating
method, and baked at 180 degrees Celsius to form polyimide
films. These polyimide films were rubbed in a direction such
that crossed rubbing condition having an angle of 10 degrees
is obtained. In this case, a buff cloth of nylon was wound
around a roller having a diameter of 50 mm. A revolution
speed of the roller was 600 rpm, the velocity of a stage was 40
mm/sec., aquantity of plunging was 0.7 mm, and rubbing was
performed two times. The thickness of the alignment layers
measured by a contact step meter was approximately 500
angstroms. The pretilt angle measured by the crystal rotation
method was 1.5 degrees.

[0383] These substrates were opposed such that the direc-
tions of rubbing treatment have a relationship of crossed
rubbing of 10 degrees, and the polyimide used in the align-
ment layer was further cured and made adhesive by a heat
treatment at 220 degrees Celsius. Thereby, a liquid crystal
panel having a gap of 1.6 um was assembled.

[0384] Into this panel, a liquid crystal compound was
injected in a vacuum condition, at a temperature of 85 degrees
Celsius, and in isotropic condition. The liquid crystal com-
pound used was the liquid crystal compound similar to the
antiferroelectric liquid crystal compound which is shown in
ASIA DISPLAY °95, pp. 61-64 and which shows the
V-shaped switching. The spontaneous polarization of this
liquid crystal material measured by applying triangular waves
thereto was 165 nC/cm.sup.2. Also, the response speed was
between 200 microseconds and 800 microseconds, although
it depends on the voltage of gray scale. By using a arbitrary
waveform generator and a high output amplifier, square
waves having a frequency of 3 kHz and amplitude of +/-10V
were applied to whole surface of the panel. By applying an
electric field in this way, the panel was gradually cooled down
to the room temperature at a rate of 1 degree/min. Driver IC’s
and the like were attached to the liquid crystal panel fabri-
cated in this way, and a liquid crystal display was completed.
[0385] In the liquid crystal display according to the
Example 6, aliquid crystal display was realized having a high
contrast ratio, that is, 200 or more, and a wide viewing angle.
Also, in this liquid crystal display, there was no sticking and
image retention, and good image quality was obtained. Align-
ment of liquid crystal molecules was at the location in the
center of the crossed rubbing directions, that is, the location
deviated by 5 degrees from both of the rubbing directions.
Also, the liquid crystal display was very robust against an
external force.

Example 7

[0386] A liquid crystal display according to the Example 7
is similar to that of the Example 6, except that the domain
divided in the Embodiment 11 according to the present inven-
tion can be appropriately controlled.

[0387] A method of manufacturing a liquid crystal display
according to this example will now be described. A TFT
substrate and a CF substrate were fabricated similarly to those
of the liquid crystal display according to the Example 6.
Directions of rubbing were crossed rubbing at an angle of 100
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degrees. Uneven structures were disposed in the same shape
and locations as those of the Embodiment 5 shown in FIG. 7.
The other portions were fabricated similarly to those of the
Example 6.

[0388] FIG. 14 is a perspective plan view of the liquid
crystal display element according to the Example 7, showing
aview looked from the direction of the top surface thereof. In
addition to the structure of the liquid crystal display element
ofthe Embodiment 5, FIG. 14 shows arubbing direction 71 of
the upper substrate (not shown), a rubbing direction 72 of the
lower substrate, a disclination line 3a which appears when a
voltage is applied to the liquid crystal display element of this
example.

[0389] In this example, two different alignment directions
divided by the disclination line 3@ were obtained in each
pixel. This is because, liquid crystal molecules are apt to align
in directions deviated by 5 degrees from the directions of
rubbing which are in the crossed rubbing of 100 degrees.
Therefore, by optimizing the condition of the gradual cooling
down, domains having two kinds of alignment directions
which differ by just 90 degrees, according to the aligning
force of respective substrates. In this example, because of the
condition in which these domains having two kinds of align-
ment directions are easily obtained and because the align-
ments of liquid crystal molecules are controlled by the exist-
ence itself of the uneven structures and by the application
electric field when the panel is gradually cooled down, the
alignment domains were divided not randomly but into two
domains.

[0390] Inthe Example 7, a flicker was not observed which
was often observed when a ferroelectric liquid crystal mate-
rial or a antiferroelectric liquid crystal material was used. It is
considered that the liquid crystal domains having alignment
directions which differ from each other by 90 degrees com-
pensate with each other to eliminate such flicker.

[0391] Asmentioned above, according to the present inven-
tion, in the liquid crystal display such as those according to
the Embodiment 1 through the Embodiment 11, it is possible
to provide a liquid crystal display in which disturbance of
liquid crystal alignment such as disclination and the like
caused by a lateral electric field does not occur. This is
because, in the liquid crystal display according to the present
invention, it is possible to control the lateral electric field
appropriately.

[0392] Also, itis possible to provide a liquid crystal display
in which disturbance or collapse of appropriately divided
alignments of liquid crystal molecules dose not occur due to
an external force exerted on the surface of the liquid crystal
display. The liquid crystal display according to the present
invention comprises uneven structures, and a mechanical
strength of the liquid crystal display panel is strengthened by
such uneven structures. It is also possible to further increase
the mechanical strength by inserting spacers.

[0393] Further, according to the present invention, it is pos-
sible to easily realize division of domains having different
alignment directions. The liquid crystal display according to
the present invention provides division of alignments of lig-
uid crystal molecules and can be manufactured by using a
conventional manufacturing method without adding a pro-
cess other than a process of forming the uneven structures.
[0394] Still further, according to the present invention, it is
possible to easily make electrical contact, for example,
between electrodes of upper substrate and lower substrate. In
the liquid crystal display according to the present invention,
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by utilizing the uneven structures, it is possible to electrically
and mechanically contact, for example, between the upper
substrate and lower substrate, without using conductive adhe-
sion layer having a large volume.

[0395] Also, according to the present invention, it is pos-
sible to provide a liquid crystal display which uses ferroelec-
tric liquid crystal material or antiferroelectric liquid crystal
material and which has a good display quality. This is
because, in the liquid crystal display according to the present
invention, a mechanical strength is large, no defectarises, and
a predetermined alignment division is precisely obtained
according to the design.

Embodiment 12

[0396] With reference to FIGS. 15A, 15B and 15C through
FIG. 20, an explanation will be made on a liquid crystal
display according to the twelfth embodiment of the present
invention.

[0397] The liquid crystal display according to this embodi-
ment is a simple matrix type liquid crystal display, and FIG.
15A shows a cross section of one pixel of this liquid crystal
display. FIG. 15B is a schematic plan view of the liquid
crystal display according to this embodiment, and FIG. 15A
is a cross sectional view taken on line A-A' of FIG. 15B.
[0398] An upper substrate is constituted by forming, on a
glass substrate 31, transparent electrodes, that is, common
electrodes, 32 made of ITO and the like. On the transparent
electrodes 32, a homeotropic alignment film 33 is applied. In
the simple matrix type liquid crystal display, a plurality of
transparent electrodes 32 are formed as stripes, as shown in
FIG. 15B. A lower substrate is constituted by forming trans-
parent electrodes 41 as stripes on a substrate 40 such that the
transparent electrodes 41 are formed in a direction perpen-
dicular to the transparent electrodes 32 of the upper substrate.
On the transparent electrodes 41, an insulating film or layer
42 of silicon nitride and the like is formed. Each of the
transparent electrodes 41 is coupled to pixel electrodes 44
having an approximately symmetrical shape via through
holes 43 formed in the insulating film 42. On each the pixel
electrodes 44, there is formed a homeotropic alignment layer
or film 45. These upper substrate and lower substrate are
assembled via spacers not shown in the drawings, and liquid
crystal molecules 30 having a negative anisotropy of permit-
tivity are injected between these substrates.

[0399] Each of the pixel electrodes 44 is smaller than the
common electrode 32 and is within the area of the common
electrode 32. Each of the pixel electrodes 44 has an approxi-
mately symmetrical shape, for example, a circle, an elliptic
shape, a polygon or the like. In practice, as shown in FIG.
15C, each of the pixel electrodes 44 has a shape of a circle, an
elliptic, an equilateral polygon such as an equilateral penta-
gon, an equilateral hexagon, an equilateral octagon, a square
or the like, and other approximately symmetrical shape. In
case the pixel electrode 44 is a polygon, it is not always
necessary that the polygon is the precisely equilateral poly-
gon, but the shape of the pixel electrode 44 may be somewhat
varied from the equilateral polygon.

[0400] Also, a shield electrode 46 is disposed around the
pixel electrode 44. The shield electrode 46 prevents an elec-
tric field by the lower transparent electrode 41 from affecting
the division of alignment directions of liquid crystal mol-
ecules.

[0401] When no voltage is applied between the common
electrode 32 of the upper substrate and the pixel electrode 44
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of the lower substrate, liquid crystal molecules 30 are aligned
approximately perpendicular to the substrates. When a volt-
age is applied between the common electrode 32 of the upper
substrate and the pixel electrode 44 of the lower substrate, an
electric field is produced between the common electrode 32
and the pixel electrode 44. In this case, since the pixel elec-
trode 44 has a symmetrical shape and the size of the common
electrode 32 is larger than that of the pixel electrode 32, the
electric field produced between the pixel electrode 44 and the
common electrode 32 is not completely perpendicular to the
substrates. That is, the electric field produced between the
pixel electrode 44 and the common electrode 32 has, as shown
in FIG. 15A, slant components from peripheral portions of
the pixel electrode toward the central portion. Therefore,
liquid crystal molecules having a negative anisotropy of pet-
mittivity rotate symmetrically toward the center of the pixel
as shown in FIG. 15A. That s, since the pixel electrode 44 has
a symmetrical shape, the electric field is divided into compo-
nents having different directions with symmetry. Accord-
ingly, the alignment directions of liquid crystal molecules in
each pixel are divided into different directions.

[0402] Inthis way, without performing special treatment on
the alignment layers, it is possible to automatically or natu-
rally divide direction of rotation of liquid crystal molecules
and to obtain wide viewing angle characteristics. Therefore,
by inserting the liquid crystal display panel having such struc-
ture between polarizer films which are disposed such that
transmission axes thereof are orthogonal to each other, it is
possible to realize a liquid crystal display of normally black
mode having a wide viewing angle.

[0403] Also, in a usual liquid crystal display, the shape of a
pixel electrode is a rectangle or an elongated shape. In such
case, as shown in FIG. 16, several notches, cut in portions and
the like are formed in the elongated pixel electrode to form a
shape constituted of a link of electrode portions each having
approximately symmetrical shape. It is also possible to form
several opening portions in the elongated pixel electrode. By
using such shape, it is possible to obtain the above-mentioned
divided alignment directions in each of the electrode portions
and, as awhole, to obtain the same advantageous effect as that
obtained by the above-mentioned single symmetrical shape
of the pixel electrode.

[0404] As shown in FIG. 17, in order to further improve a
precision of locations where alignment directions of liquid
crystal molecules are divided, it is possible to form notches at
peripheral portions of a symmetrical shape or of a centrosym-
metrical shape of each pixel electrode. Each of the notches
may be, for example, a radial shape extending from the center
of each pixel electrode. In case the shape the pixel electrode
44 is a polygon or a combination of polygons, it is possible to
form the notches in each or every corner of the polygon.

[0405] As shown in FIG. 18, it is also possible to form
protrusions or projections 445 which project from the periph-
eral portions of a symmetrical shape or of a centrosymmetri-
cal shape of each pixel electrode. In case the shape the pixel
electrode 44 is a polygon or a combination of polygons, it is
possible to form the projections in each or every corner of the
polygon.

[0406] Further, as shown in FIG. 19, it is also effective to
form voids 44c, that is, portions where no electrode material
exists, which extend from the center toward peripheral por-
tions of a symmetrical shape or of a centrosymmetrical shape
of each pixel electrode 44.
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[0407] As shown in FIG. 20, it is also possible to form
concave or recessed portions 44d which extend from the
center toward peripheral portions of a symmetrical shape or
of a centrosymmetrical shape of each pixel electrode 44.
These concave portions 444 may be fabricated by forming
concave portions in the pixel electrode 44 itself or, by forming
concave portions in a layer under the pixel electrode 44, such
as the insulating layer 42 and the like, and forming the pixel
electrode 44 thereon. Of course, a combination of these meth-
ods may be utilized.

[0408] In the structure having such concave portions 444,
when an interlayer insulating film made of an organic film and
the like exists between a TFT and the pixel electrode, or when
the pixel electrode is disposed between a color filter layer and
the liquid crystal layer, the concave portions 44d can be
formed in the interlayer insulating film or in an overcoating
layer. Thereby, it is possible to form deep concave portions
44d without complicating a manufacturing process of the
liquid crystal display, and to precisely and stably define a
boundary of divided domains having different alignment
directions.

[0409] In case liquid crystal molecules have a homeotropic
alignment, when an electric field is applied to the liquid
crystal molecules, the alignment of the liquid crystal mol-
ecules is changed and stabilized into a spiral shaped align-
ment. In this case, it is possible to add chiral agent to the liquid
crystal molecules to further stabilize the alignment and to
increase response speed. Further, the above-mentioned
notches, concave portions and the like in each pixel may be
formed or disposed in a spiral shape.

[0410] In the above-mentioned explanation, the notches
44a, the protrusions 445, the voids 44¢ and the concave por-
tions 44d are formed or disposed from the center to the
peripheral corners in the pixel electrode. However, in case the
anisotropy of permittivity of liquid crystal molecules is posi-
tive and homogeneous alignment in which initial alignment
directions of liquid crystal molecules in the upper and lower
substrates are parallel or anti-parallel to each other is used, the
notches 44a, the protrusions 445, the voids 44¢ and the con-
cave portions 44d may be formed or disposed parallel to sides
of the polygon of the pixel electrode.

[0411] Inthe liquid crystal display according to the present
invention, in order to further improve viewing angle charac-
teristics, it is possible to dispose at least one optical compen-
sation film or layer between a polarizer and a liquid crystal
cell. Since the liquid crystal molecules have a homeotropic
alignment when no electric field is applied thereto, it is pref-
erable that the optical compensation film is an optically nega-
tive compensation film, taking cancellation of variation in
retardation when viewed from a slant direction into consid-
eration. Such optical compensation film may be one sheet of
film fabricated by using biaxial stretching, or may be a film
made by laminating more than two sheets of uniaxial
stretched films to substantially realize an optically negative
uniaxial compensation film. By using such optical compen-
sation film, retardation of liquid crystal molecules when no
electric field is applied thereto can be effectively cancelled,
and complete black is displayed when such liquid crystal
display panel is viewed from every direction. Therefore,
viewing angle characteristics can be further improved.
[0412] Dependingonatype of aliquid crystal display, there
is a possibility that a transition region appears between por-
tions having different directions of falling down of liquid
crystal molecules after the application of an electric field.
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Such transition region is observed as a black region when
orthogonal polarizers are used, and causes deterioration of
brightness. Also, sometimes it is also possible that, since the
transition region does not move rapidly, an apparent response
speed of the liquid crystal display becomes slow.

[0413] On the other hand, when the above-mentioned
uniaxial film is a quarter-wave plate, it is possible to make the
movement of the boundary portion invisible, and to obtain an
apparently high response speed. That is, such quarter-wave
plates are disposed orthogonally on both sides of the liquid
crystal cell such that each optical axis is disposed at an angle
of 45 degrees with an absorption axis of a polarizer. Thus,
birefringency of the quarter-wave plate is decreased. There-
fore, it is possible to further dispose a uniaxially stretched
film to substantially obtain an optically negative uniaxial
compensation film.

[0414] In the above-mentioned liquid crystal display, an
initial alignment is the homeotropic alignment as a principle.
However, if the initial alignment deviates in a direction
because of a property of a liquid crystal display element, it is
also possible to additionally stick a film having a positive
value of optical anisotropy to compensate such deviation.
[0415] Inthe above, an explanation was made on transmis-
sion type liquid crystal displays. However, the present inven-
tion can be applied to a reflection type liquid crystal display
by forming pixel electrodes by using a metal material having
high reflectance such as aluminum (Al) and the like. In such
case, it is possible to make white display more visible by
forming uneven portions on the surface of the pixel electrode,
by using a diffusion plate, or the like. Also, in the drawings,
illustration of a color filter is omitted. However, it is possible
to dispose the color filter between the upper substrate 31 and
the transparent electrode 32 and thereby to realize a color
liquid crystal display.

[0416] Now, description will be made on a method of
manufacturing the liquid crystal display according to the
present invention, and the like.

[0417] When manufacturing the liquid crystal display
according to the present invention, it is possible to surely
secure the initial alignment of liquid crystal molecules, by
polymerizing monomer or oligomer which are added a little
to liquid crystal molecules and which are easily polymerized,
after controlling or adjusting the initial alignment by applying
avoltage between the common electrode and each of the pixel
electrodes. When controlling the initial alignment, it is pos-
sible to, after making the phase of a liquid crystal layer
isotropic by heating, lower the temperature of the liquid crys-
tal layer while applying a voltage between the common elec-
trode and each pixel electrode. Itis also possible to only apply
avoltage between the common electrode and each pixel elec-
trode at a room temperature.

[0418] The reaction of monomer or oligomer may be per-
formed before the heating process for realizing the isotropic
phase ofthe liquid crystal layer, may be performed during the
heating, or may be performed after cooling the liquid crystal
layer. In case the initial alignment is controlled by applying a
voltage between the common electrode and each pixel elec-
trode at a room temperature, the reaction of monomer or
oligomer may be performed before applying a voltage, or
may be performed after applying a voltage. In this case, since
the alignment division can be done by using a usual drive
method, it is not necessary to apply a voltage to second
electrodes, that is, control electrodes, mentioned in Japanese
patent laid-open publication No. 10-20323.
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[0419] Also, when manufacturing the liquid crystal display
according to the present invention, it is possible perform
optical or photo aligning treatment on the substrate or sub-
strates to control pretilt angles according to the shapes of
divided domains. By such method, the initial alignment can
be surely and reliably controlled. Thereby, it is possible to
obtain synergistic effect from the effect of slant electric field
components and the effect of the pretilt angle control. Thus, it
is possible to realize more superior division of alignments of
liquid crystal molecules than the liquid crystal display in
which only one of the above-mentioned methods is used.
[0420] For example, an alignment layer is first formed by
using a material having functional group in which alignment
can be controlled by polarized light such as cinnamic acid
group, or by using a polymer material which is described in
AM-LCD, “96/IDW”, 96 Digest of Technical Papers, p. 337
and in which photosensitive group is polymerized by irradi-
ating polarized light thereon. Then, polarized light is irradi-
ated onto each portion or domain of the alignment layer via a
mask from a slant direction such that a predetermined pretilt
angle corresponding to the divided domain is obtained. In this
case, if the number of sides of the polygon is large, process
steps of the optical alignment become large. Therefore, it is
preferable that the polygon is approximately from a tetragon
through an octagon.

[0421] The above-mentioned method of forming divided
domains having different alignment is known well. It is pos-
sible to surely secure the divided alignments of liquid crystal
molecules, by polymerizing monomer or oligomer which are
added a little to liquid crystal molecules and which are easily
polymerized, when the liquid crystal display is driven for
display.

[0422] In the present invention, it is possible to use, as
monomer or oligomer which are added alittle to liquid crystal
molecules, any of photocurable monomer, thermocurable
monomer, oligomer of these, and the like. Also, itis possible
to use a material which includes other component or compo-
nents as long as the material includes any of these. The “pho-
tocurable monomer or oligomer” used in the present inven-
tion used in the present invention includes not only monomer
or oligomer which is reacted or polymetrized by visible light,
but also ultravioletcurable monomer or oligomer which is
reacted or polymerized by ultraviolet light. From the point of
easiness of process operation, the latter is preferable to the
former.

[0423] Also, in the present invention, it is possible to use, as
monomer or oligomer which are added alittle to liquid crystal
molecules, it is possible to monomer or oligomer which has a
property of liquid crystal and which has similar structure to
that of liquid crystal molecules. However, monomer or oli-
gomer is not always used for aligning liquid crystal mol-
ecules. Therefore, it is possible to use flexible monomer or
oligomer such as that having alkylene chain. Further, it is
possible to use monofunctional monomer or oligomer,
bifunctional monomer or oligomer, multifunctional mono-
mer or oligomer which is trifunctional or more, or the like.
[0424] As photocurable or ultravioletcurable monomer or
oligomer usable in the present invention, there are, for
example, monofunctional acrylate compounds such as 2-eth-
ylhexyl acrylate, butylethyl acrylate, butoxyethyl acrylate,
2-cyanoethyl acrylate, benzyl acrylate, cyclohexyl acrylate,
2-hydroxypropyl acrylate, 2-ethoxyethyl acrylate, N,N-di-
ethylaminoethyl acrylate, N,N-dimethylaminoethy] acrylate,
dicyclopentanyl acrylate, dicyclopentenyl acrylate, glycidyl
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acrylate, tetrahydrofurfuryl acrylate, isobornyl acrylate, iso-
decyl acrylate, lauryl acrylate, morpholine acrylate, phe-
noxyethyl acrylate, phenoxydiethyleneglycol acrylate, 2,2,2-
trifluoroethyl acrylate, 2,2,3,3,3-pentafluoropropyl acrylate,
2,2,3,3-tetrafluoropropyl acrylate, 2,2,3.4.4.4-hexafluorobu-
tyl acrylate, and the like.

[0425] Also, it is possible to use, as photocurable or ultra-
violetcurable monomer or oligomer, monofunctional meth-
acrylate compounds such as 2-ethylhexyl methacrylate,
butylethyl methacrylate, butoxyethyl methacrylate, 2-cyano-
ethyl methacrylate, benzyl methacrylate, cyclohexyl meth-
acrylate, 2-hydroxypropyl methacrylate, 2-ethoxyethyl
methacrylate, N,N-ethylaminoethyl methacrylate, N,N-dim-
ethylaminoethyl methacrylate, dicyclopentanyl methacry-
late, dicyclopentenyl methacrylate, glycidyl methacrylate,
tetrahydrofurfuryl methacrylate, isobornyl methacrylate, iso-
decyl methacrylate, lauryl methacrylate, morpholine meth-
acrylate, phenoxyethyl methacrylate, phenoxydiethylenegly-
col methacrylate, 2,2,2-trifluoroethyl methacrylate, 2,2,3,3,
3-pentafluoropropyl methacrylate, 2,2,3,3-tetrafluoropropyl
methacrylate, 2,2,3,4,4.4-hexafluorobutyl methacrylate, and
the like.

[0426] Further, it is possible to use, as photocurable or
ultravioletcurable monomer or oligomer, multifunctional
acrylate compounds such as 4,4'-biphenyl diacrylate, dieth-
vistilbestrol diacrylate, 1,4-bisacryloyloxybenzen, 4.,4'-
bisacryloyloxydiphenyl ether, 4,4'-bisacryloyloxydiphenyl-
methane, 3,9-bis[1,1-dimethyl-2-acryloyloxydiethyl]-2.4,8,
10-tetraspiro[5,5]undecane, o,a'-bis[4-acryloyloxyphenyl]-
1,4-diisopropylbenzen, 1.,4-
bisacryloyloxytetrafluorobenzen, 4.4
bisacryloyloxyoctafluorobiphenyl, diethyleneglycol
diacrylate, 1,4-butanediol diacrylate, 1,3-butyleneglycol dia-
crylate, dicyclopentanyl diacrylate, glycerol diacrylate, 1,6-
hexanediol diacrylate, neopentylglycol diacrylate, tetraethyl-
ene glycol diacrylate, trimethylolpropane triacrylate,
pentaerythritol tetraacrylate, pentaerythritol triacrylate, ditri-
methylolpropane tetraacrylate, dipentaerythritol hexaacry-
late, dipentaerythritolmonohydroxy pentaactylate, 4,4'-dia-
cryloyloxystilbene, 4,4'-diacryloyloxydimethylstilbene, 4,4'-

diacryloyloxydiethylstilbene, 4.4-
diacryloyloxydipropylstilbene, 4.4-
diacryloyloxydibutylstilbene, 4.4-
diacryloyloxydipentylstilbene, 4.4-
diacryloyloxydihexylstilbene, 4.4-
diacryloyloxydifluorostilbene, 2,2,3,3,4,4-
hexafluoropentanediol-1,5-diacrylate, 1,1,2,2,3,3-

hexafluoropropyl-1,3-diacrylate, urethane acrylate oligomer,
and the like.

[0427] Still further, it is possible to use, as photocurable or
ultravioletcurable monomer or oligomer, multifunctional
methacrylate compounds such as diethyleneglycol
dimethacrylate, 1,4-butanediol dimethacrylate, 1,3-butyle-
neglycol dimethacrylate, dicyclopentanyl dimethacrylate,
glycerol dimethacrylate, 1,6-hexanediol dimethacrylate, neo-
pentylglycol dimethacrylate, tetraethyleneglycol
dimethacrylate, trimethylolpropane trimethacrylate, pen-
taerythritol tetramethacrylate, pentaerythritol trimethacry-
late, ditrimethylolpropane tetramethacrylate, dipentaerythri-
tol  hexamethacrylate,  dipentaerythritolmonohydroxy
pentamethacrylate, 2,2,3,3,4,4-hexafluoropentanediol-1,5-
dimethacrylate, urethane methacrylate oligomer, and the like.
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Tt is also possible to use styrene, aminostyrene, vinyl acetate,
and the like. However, the present invention is not limited
only to those.

[0428] The drive voltage of the liquid crystal display
according to the present invention is also influenced by the
interaction between the polymer material and liquid crystal
material at the interface therebetween. Therefore, it is also
possible to form polymer compounds by using monomer or
oligomer which includes fluorine elements. It is possible to
use, as such monomer or oligomer, 2,2,3,3.4,4-hexafluoro-
pentanediol-1,5-diacrylate, 1,1,2,2,3,3-hexafluoropropyl-1,
3-diacrylate, 2,2,2-trifluoroethyl acrylate, 2,2,3,3,3-pen-
tafluoropropyl acrylate, 2,2,3,3-tetrafluoropropyl acrylate,
2,2,3,4,4,4-hexafluorobutyl acrylate, 2 2,2-trifluoroethyl
methacrylate, 2,2,3,3-tetrafluoropropyl methacrylate, 2,23,
4,4 4-hexafluorobutyl methacrylate, urethane acrylate oligo-
mer, and the like. Of course, the present invention is not
limited to those.

[0429] In the present invention, when photocurable or
ultravioletcurable monomer or oligomer is used as monomer
or oligomer which are added a little to liquid crystal mol-
ecules, it is possible to photo-initiator or ultraviolet-initiator.
It is possible to use various initiator, for example, acetophe-
none and the derivatives such as 2,2-diethoxyacetophenone,
2-hydroxy-2-methyl-1-phenyl-1-one,  1-(4-isopropylphe-
nyl)-2-hydroxy-2-methylpropane-1-one and 1-(4-dode-
cylphenyl)-2-hydroxy-2-methylpropane-1-one, benzoin and
the derivatives such as benzoinmethyl ether, benzomethyl
ether and benzyldimethyl ketal, benzophenone and the
derivatives such as benzophenone, benzoyl benzoate, 4-phe-
nylbenzophenone and 3,3-dimethyl-4-methoxybenzophe-
none, thioxanthone and the derivatives such as thioxanthone,
2-chlorthioxanthone and 2-methylthioxanthone, diazonium
salt and the derivatives, sulfonium salt and the derivatives,
iodonium salt and the derivatives, selenium salt and the
derivatives, and the like.

[0430] Next, some practical examples concerning the
above-mentioned 12th embodiment will be described.

Example 8

[0431] On the glass substrates 31 and 40, ITO is deposited
by sputtering, and ITO electrodes 32 and 41 were formed in
stripes for forming a matrix. A silicon nitride film 42 was
deposited on the lower substrate 40, and, by using photoli-
thography, through holes 43 were formed via the silicon
nitride film 42. Then ITO was again deposited by sputtering,
and, by using photolithography, pixel electrodes 44 each hav-
ing a hexagon shape were formed. A homeotropic layers 33
and 45 (SE1211 purchased from Nissan Chemical Industries,
LTD) were applied on the. ITO electrode 32 and the pixel
electrodes 44, and dried by heating for 1 hour at 200 degrees
Celsius.

[0432] Sealing material was applied in the peripheral por-
tion of the substrate or substrates, and spacer material was
sprayed. Then, the upper substrate and the lower substrate
were stuck to each other such that the ITO electrodes 32 and
41 cross each other, and the pixel electrodes 44 and the ITO
electrodes 32 were aligned. The sealing material was cured by
heating. Then, nematic liquid crystal material 30 was injected
into the space between the substrates, and injecting hole or
holes were sealed by using photocurable resin. A optically
negative compensation film which has the same And as that of
the liquid crystal layer and has an opposite polarity to that of
the liquid crystal layer was stuck to the liquid crystal panel,
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and then polarizers were stuck to the upper substrate and the
lower substrate such that the transmission axis thereof
become perpendicular to each other.

[0433] When viewing angle characteristics made in this
way were measured, no inversion of gray shades was
observed, and superior viewing angle characteristics were
obtained in which a high contrast area was very wide.

Example 9

[0434] A liquid crystal display was fabricated similarly to
the eighth example (Example 8), except that a shielding elec-
trode 46 was formed on the silicon nitride layer 42 of the
lower substrate 40 around the pixel electrodes 44 each having
a hexagonal shape such that the shielding electrode 46 sur-
rounds each pixel electrode. The shielding electrode 46 was
made only by changing a mask for fabricating the pixel elec-
trodes 44. The shielding electrode 46 was coupled with a
voltage source of OV.

[0435] When viewing angle characteristics made in this
way were measured, no inversion of gray shades was
observed, and superior viewing angle characteristics were
obtained in which a high contrast area was very wide. Also,
when the inside of a pixel was observed through the micro-
scope, abnormal disclination inside the pixel was not
observed at all, which was rarely observed in the eighth
example.

Embodiment 13

[0436] Withreferenceto FIG. 21A and FIG. 21B, an expla-
nation will be made on a liquid crystal display according to
the thirteenth embodiment of the present invention. The lig-
uid crystal display according to this embodiment is a simple
matrix type liquid crystal display. The liquid crystal display
uses liquid crystal molecules which have a positive anisot-
ropy of permittivity and which have a twisted nematic (TN)
alignment when no voltage is applied thereto. FIG. 21A
shows a cross section of one pixel of this liquid crystal dis-
play. FIG. 21B is a schematic plan view of one pixel of this
liquid crystal display.

[0437] An upper substrate is constituted by forming, on a
glass substrate 31, transparent electrodes, that is, common
electrodes, 32 made of ITO and the like. On the transparent
electrodes 32, an alignment film or layer 33a is applied. By
rubbing this alignment layer 33a, liquid crystal molecules
align in a direction perpendicular to the direction of the rub-
bing, and the pretilt angle is approximately zero, or very
small, that is, equal to or smaller than 1 degree. In the simple
matrix type liquid crystal display, a plurality of transparent
electrodes 32 are formed in stripes. A lower substrate is con-
stituted by forming transparent electrodes 41 in stripes on a
substrate 40 such that the transparent electrodes 41 are
formed in a direction perpendicular to the transparent elec-
trodes 32 of the upper substrate. On the transparent electrodes
41, an insulating film or layer 42 of silicon nitride and the like
is formed. Each of the transparent electrodes 41 is coupled to
pixel electrodes 44 having an approximately symmetrical
shape via through holes 43 formed in the insulating film 42.
On each of the pixel electrodes 44, there is formed a homeo-
tropic alignment layer or film 45a. These upper substrate and
lower substrate are assembled via spacers not shown in the
drawings, and liquid crystal molecules 30a having a positive
anisotropy of permittivity are injected between these sub-
strates.
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[0438] Each of the pixel electrodes 44 is smaller than the
common electrode 32 and is within the area of the common
electrode 32. Also, a shield electrode 46 is disposed around
the pixel electrode 44. The shield electrode 46 prevents an
electric field by the lower transparent electrode 41 from
affecting the division of alignment directions of liquid crystal
molecules.

[0439] In this embodiment, alignment directions of liquid
crystal molecules are defined by performing a treatment such
as rubbing, optical aligning and the like. In FIG. 21B, align-
ment direction of liquid crystal molecules on the side of the
upper substrate 31 is shown by an arrow 47, and alignment
direction of liquid crystal molecules on the side of the lower
substrate 40 is shown by an arrow 48. Such alignment can be
easily obtained by, for example, using alignment layers which
align the liquid crystal molecules in a direction perpendicular
to the rubbing direction, or by irradiating polarized light onto
an optical alignment film from a direction normal to the
substrate. Also, in this embodiment, chiral agent is not added.
[0440] In liquid crystal molecules which have a positive
anisotropy of permittivity and which have twisted nematic
alignment, there are two or more kinds of combination of a
direction of twist and a direction of rise of liquid crystal
molecules, thereby it becomes possible to divide alignment of
liquid crystal molecules in a pixel. In case of the twisted
nematic alignment, probability of occurrence of rising direc-
tions of liquid crystal molecules becomes equal to each other.
Therefore, it is preferable that the pretilt angle of liquid crys-
tal molecules at the surface of the substrate is as small as
possible. It is preferable that the pretilt angle is 1 degree or
smaller, and, if possible, it is preferable that the pretilt angle
is zero.

[0441] When no voltage is applied between the common
electrode 32 of the upper substrate and the pixel electrode 44
of the lower substrate, liquid crystal molecules 30a are
aligned approximately perpendicular to the rubbing direc-
tions of the alignment layers 33a and 45a of the upper and
lower substrates. The pretilt angle is approximately zero, or
very small (1 degree or smaller). When a voltage is applied
between the common electrode 32 of the upper substrate and
the pixel electrode 44 of the lower substrate, an electric field
is produced between the common electrode 32 and the pixel
electrode 44. In this case, since the pixel electrode 44 has a
symmetrical shape and the size of the common electrode 32 is
larger than that of the pixel electrode 32, the electric field
produced between the pixel electrode 44 and the common
electrode 32 is not completely perpendicular to the substrates.
That s, the electric field produced between the pixel electrode
44 and the common electrode 32 has, as shown in FIG. 21A,
slant components from peripheral portions of the pixel elec-
trode toward the central portion. Because of the shapes of the
upper and lower electrodes, the slant components of the elec-
tric field have good symmetry.

[0442] In each domain of the pixel, there is a possibility of
occurrence of twist of liquid crystal molecules in both direc-
tion, that is, twist toward right and twist toward left. However,
because of the above-mentioned slant components of the
electric field, in each of the domains shown in FIG. 21B, twist
of liquid crystal molecules in one of the directions occurs
preferentially. As a result thereof, an alignment condition
shown in FIG. 21B appears automatically. That is, since the
pixel electrode 44 of the lower substrate has a symmetrical
shape. and is smaller than the common electrode 32 and is
within the area of the common electrode 32. Therefore, in the
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twisted nematic alignment, each pixel is divided into domains
having different alignment directions with good symmetry.
Accordingly, the alignment directions of liquid crystal mol-
ecules in each pixel are automatically divided into different
directions, and it is possible to obtain wide viewing angle
characteristics.

[0443] When the liquid crystal display panel having such
structure is inserted between polarizer films which are dis-
posed such that transmission axes thereof are orthogonal to
each other, it is possible to realize a liquid crystal display of
normally white mode having good viewing angle character-
istics. Also, at each boundary between adjacent domains,
regions having different twist directions meet with each other.
Therefore, leakage of light does not occur at the boundary,
and it is possible to obtain a high contrast ratio without pro-
viding any light shield layer and the like.

[0444] As shown in FIG. 17, in order to further improve a
precision of locations where alignment directions of liquid
crystal molecules are divided, it is possible to form notches
44a at peripheral portions of a symmetrical shape or of a
centrosymmetrical shape of each pixel electrode. In case the
shape the pixel electrode 44 is a polygon or a combination of
polygons, it is possible to form the notches in each or every
corner of the polygon.

[0445] As shown in FIG. 18, it is also possible to form
protrusions or projections 445 which project from the periph-
eral portions of a symmetrical shape or of a centrosymmetri-
cal shape of each pixel electrode. In case the shape the pixel
electrode 44 is a polygon or a combination of polygons, it is
possible to form the projections in each or every corner of the
polygon.

[0446] Further, as shown in FIG. 19, it is also effective to
form voids 44c¢, that is, portions where no electrode material
exists, which extend from the center toward peripheral por-
tions of'a symmetrical shape or of a centrosymmetrical shape
of each pixel electrode 44.

[0447] As shown in FIG. 20, it is also possible to form
concave or recessed portions 44d which extend from the
center toward peripheral portions of a symmetrical shape or
of a centrosymmetrical shape of each pixel electrode 44.
These concave portions 44d may be fabricated by forming
concave portions in the pixel electrode 44 itself or, by forming
concave portions in a layer under the pixel electrode 44, such
as the insulating layer 42 and the like, and forming the pixel
electrode 44 thereon. Of course, a combination of these meth-
ods may be utilized.

[0448] The method for further improving sure division of
domains by using optical alignment is not applicable to the
twisted nematic type liquid crystal display. However, the
method for surely retain division of alignment even when the
liquid crystal display is driven to operate by polymerizing the
monomer or oligomer which is easily polymerized and which
is added a little to the liquid crystal molecules can be applied
to this embodiment, in a manner similar to the liquid crystal
display in which the anisotropy of permittivity is negative.
[0449] FIG. 22A shows an example of a liquid crystal dis-
play uses liquid crystal molecules which have a positive
anisotropy of permittivity and which have a homogeneous
alignment when no voltage is applied thereto. In this case,
rubbing or optical aligning treatment is performed on an
upper substrate and a lower substrate to define a alignment
direction of liquid crystal molecules. FIG. 22A shows a cross
section of one pixel of such liquid crystal display. FIG. 22B is
a schematic plan view of one pixel of this liquid crystal
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display. In FIG. 22B, an alignment direction of liquid crystal
molecules on the side of the substrate 31 is shown by an arrow
47, and an alignment direction of liquid crystal molecules on
the side of the lower substrate 40 is shown by an arrow 48. In
this liquid crystal display, similarly to that of the twisted
nematic type, it is preferable that the pretilt angle is approxi-
mately zero. Such alignment can be easily obtained by, for
example, using alignment layers which align the liquid crys-
tal molecules in a direction perpendicular to the rubbing
direction, or by irradiating polarized light onto an optical
alignment film from a direction normal to the substrate. Also,
in this embodiment, chiral agent is not added.

[0450] When a voltage is applied between the common
electrode 32 of the upper substrate and the pixel electrode 44
of the lower substrate, an electric field is produced between
the common electrode 32 and the pixel electrode 44. The
electric field produced between the pixel electrode 44 and the
common electrode 32 has slant components having good
symmetry because of the shapes of the common electrode 32
and the pixel electrode 44. The alignment directions of liquid
crystal molecules at the interface between liquid crystal mol-
ecules and the substrate surfaces are determined as mentioned
above and, therefore, two kinds of domains having different
rising directions are produced.

[0451] Incase the liquid crystal display has ahomogeneous
alignment, it is preferable to provide a recessed or concave
portion 44e at the central portion of the pixel as shown in FIG.
22B to stabilize a location of the boundary area.

[0452] Other portions of the liquid crystal display shown in
FIG. 22A and FIG. 22B are the same as those of FIG. 21A and
FIG. 21B. Therefore, like portions in FIGS. 22A and 22B are
designated by the same reference numerals used in FIGS.
21A and 21B, and description thereof is omitted here.
[0453] When liquid crystal molecules have a positive
anisotropy of permittivity and are homogeneous aligned
when no voltage is applied thereto, a pixel area is divided not
into four domains but into two domains in which only rising
directions from the initial alignment directions differ from
each other. In this case, it is possible to dispose a negative
uniaxial optical compensation film such that the optical axis
thereof coincides with the optical axis of the liquid crystal
panel when no voltage is applied thereto, thereby a normally
black display is obtained. Alternatively, it is possible to dis-
pose a negative optical compensation film such that the opti-
cal axis thereof gradually inclines so as to simulate alignment
of liquid crystal molecules in either one of the domains when
avoltage is applied thereto, thereby a normally white display
is obtained.

[0454] Here, in case the liquid crystal display is a normally
black type, it is preferable to make a retardation of at least one
of the domains and the compensation film to zero when no
voltage is applied thereto, thereby a sufficiently wide viewing
angle is obtained. Also, in case the liquid crystal display is a
normally white type, it is preferable to make a retardation of
at least one of the domains and the compensation film to zero
when a voltage is applied thereto, thereby a sufficiently wide
viewing angle is obtained.

[0455] In this liquid crystal display, it is preferable to form
the notches shown in FIG. 17 and formed partially in the pixel
electrode on the side of the lower substrate, the voids shown
in FI1G. 19, the concave portions shown in FIG. 20, or the like
parallel to the sides of the pixel electrode, and to make the
initial alignment of liquid crystal molecules perpendicular to
these structures.
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[0456] Tt is also preferable that the pretilt angle is approxi-
mately zero, similarly to the liquid crystal display of TN
mode.

[0457] With respect to the alignment division, when the
space between adjacent pixels is sufficiently large, generally
no problem arises. However, when the space between adja-
cent pixels becomes small due to a design matter and the like,
it is preferable to use the so called dot-inversion drive method
in which polarity of voltages applied to the adjacent pixel
becomes opposite to each other. In such case, condition of
generation of slant components of an electric field is
improved, and a better drive system is provided.

[0458] Also, since aninitial response speed ofliquid crystal
molecules is very fast, it is advantageous to utilize only such
high speed response. In order to attain this, it is possible to
drive a liquid crystal display such that a reset operation by
which an image signal is returned to a black condition is
inserted within one frame.

[0459] Such drive method in which a reset operation is
inserted is usually used to sharpen a displayed image of a
moving picture. In the liquid crystal display according to the
present invention, a preferable side effect is further obtained
in which an apparent response speed becomes high.

[0460] Also, by previously applying a voltage near the
threshold value before starting each frame, it is possible to
perform division of liquid crystal alignment more surely and
in a shorter time. The voltage near the threshold value may be
a value slightly smaller than the threshold value, or may be a
value slightly larger than the threshold value. When the volt-
age is slightly larger than the threshold value, there appears a
portion where liquid crystal alignment starts to vary. If there
is a possibility that a contrast ratio decreases by the leakage of
light from such portion, by the variation of quantity of trans-
mitted light and the like, it is possible to optically shield such
portion.

[0461] Inthe above, an explanation was made on transmis-
sion type liquid crystal displays. However, the present inven-
tion can be applied to a reflection type liquid crystal display
by forming pixel electrodes by using a metal material having
high reflectance such as aluminum (Al) and the like. In such
case, it is possible to make white display more visible, by
forming uneven portions on the surface of the pixel electrode,
by using a diffusion plate, or the like. Also, in the drawings,
illustration of a color filter is omitted. However, it is possible
to dispose the color filter between the upper substrate 31 and
the transparent electrode 32 and thereby to realize a color
liquid crystal display.

Example 10

[0462] Similarly to the Example 8, after forming ITO elec-
trodes 32 and 41 and a silicon nitride film 42 on the glass
substrates 31 and 40, pixel electrodes 44 each having a square
shape were formed, by using photolithography. As alignment
films, JALS-428 purchased from JSR Corporation was used.
Also, as a liquid crystal agent having a positive anisotropy of
permittivity, Z1.14792 from which chiral agent was removed
was used. Thereby, a liquid crystal display panel was fabri-
cated. Rubbing was performed such that alignment directions
of liquid crystal molecules on the lower substrate and on the
upper substrate becomes perpendicular to each other, espe-
cially such that the alignment directions coincide with the
directions of diagonal lines of the square shape. In JALS-428
alignment layer, liquid crystal molecules aligned in a direc-
tion perpendicular to the direction of rubbing. The pretilt
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angle measured by using a crystal rotation method was
approximately zero degree. Also, the thickness of liquid crys-
tal cell was approximately 5 um.

[0463] By using a New-Vac film purchased from Sumitomo
Chemical Co., LTD as a compensation film, viewing angle
characteristics were measured. As a result thereof, it was
found that no inversion of gray shades was observed in whole
area of the panel, and superior viewing angle characteristics
were obtained.

Embodiment 14

[0464] With referenceto FIG. 23A and FIG. 23B, an expla-
nation will be made on a liquid crystal display according to
the fourteenth embodiment of the present invention.

[0465] The liquid crystal display according to this embodi-
ment is an active matrix type liquid crystal display in which
liquid crystal molecules are driven by active elements. FIG.
23 A shows a cross section of one pixel of this liquid crystal
display. FIG. 23B is a schematic plan view of the liquid
crystal display according to this embodiment, and FIG. 23A
is a cross sectional view taken on line B-B' of FIG. 23B.
[0466] On a transparent substrate 41 of upside, color filter
layer 42 and a light shielding layer 43 are formed, and on
these layers, a common electrode 44 is formed over approxi-
mately whole area of the transparent substrate. On the com-
mon electrode 44, a homeotropic alignment film 45 is
applied.

[0467] On a lower substrate 51, there is formed a thin film
transistor 50. In the thin film transistor 50, a gate electrode,
thatis, a scanning electrode, 54 made of Cr is disposed. A gate
insulating film 55 made of silicon nitride is formed so as to
cover the gate electrode 54. On the gate electrode 54, there is
formed a semiconductor film 56 made of amorphous silicon
via the gate insulating film 55. The semiconductor film 56
functions as an active layer of the thin film transistor (TFT)
50. Also, a drain electrode 57 and a source electrode 58 made
of molybdenum are formed such that each of these electrodes
57 and 58 partially overlaps the pattern of the semiconductor
film 56. A protective film 59 made of silicon nitride is formed
to cover all of these components.

[0468] Although not shown in the drawings, the drain elec-
trode 57 and the source electrode 58 partially overlaps the
pattern of the semiconductor film 56 via an amorphous silicon
film into which n type impurities are doped.

[0469] As shown in FIG. 23B, the drain electrode 57 con-
tacts a data line, that is, image signal line, 57a. In other words,
the drain electrode 57 is formed as a part of the data line 57a.
Also, the gate electrode 54 is formed as a part of the scanning
line 54a.

[0470] Also, apixel electrode 52 is formed on the insulating
film 55 and coupled with the source electrode 58. On the pixel
electrode 52, a homeotropic alignment layer or film 53 is
formed.

[0471] In this embodiment, the pixel electrode 52 is
coupled with the source electrode 58, and an image signal is
applied to the pixel electrode 52 from the source electrode 58.
On-off of the image signal is controlled by the scanning
signal. The pixel electrode 52 has a shape having a good
symmetry. In this embodiment, the pixel electrode 52 has a
hexagonal shape, but it is possible to obtain similar effect by
using other shape, such as a circle, a pentagon, a square, or the
like.
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[0472] Tt should be noted that liquid crystal molecules 40
having a negative anisotropy of permittivity are injected
between the upper and lower substrates.

[0473] Since the alignment layers 44 and 53 of the upper
and lower substrates are homeotropic alignment layer, when
no voltage is applied, liquid crystal molecules 40 are aligned
approximately perpendicular to the substrates.

[0474] When the thin film transistor (TFT) 50 is turned on
by applying a voltage to the gate electrode 54 thereof, a
voltage is applied to the source electrode 58 and an electric
field is produced between the common electrode 44 and the
pixel electrode 52 opposing to each other. In this case, since
the pixel electrode 52 has a good symmetry and the size of the
common electrode 44 is larger than that of the pixel electrode
52, the electric field produced between the pixel electrode 52
and the common electrode 44 is not perpendicular to the
substrates. That is, the electric field produced between the
pixel electrode 52 and the common electrode 44 has, as shown
in FIG. 23A, slant components from peripheral portions of
the pixel electrode toward the central portion. Therefore,
liquid crystal molecules having a negative anisotropy of per-
mittivity rotate symmetrically toward the center of the pixel
as shown in FIG. 23 A. That s, since the pixel electrode 52 has
asymmetrical shape, the electric field is divided into compo-
nents having different directions with symmetry. Accord-
ingly, the alignment directions of liquid crystal molecules in
each pixel are automatically divided into different directions.
[0475] In this way, when liquid crystal molecules having
negative anisotropy of permittivity are used, it is possible to
automatically or naturally divide direction of rotation of lig-
uid crystal molecules and to obtain wide viewing angle char-
acteristics, without performing special treatment on the align-
ment layers.

[0476] Especially, in an active matrix type liquid crystal
display, there is a possibility that, because of an influence by
a lateral electric field from the scanning signal electrode 54a
and the image signal electrode 574, an unnecessary disclina-
tion line appears within a pixel electrode portion and align-
ment of liquid crystal molecules is disturbed thereby. Such
problem may be solved by enlarging the distances between
the scanning signal electrode 54a and the pixel electrode 52
and between the image signal electrode 57a and the pixel
electrode 52. However, when the size of each pixel is small, it
is not preferable to make these distances too large, because of
the deterioration of an aperture ratio.

[0477] As another method of solving this problem, it is
possible to dispose a portion of the pixel electrode 52 or a
shielding electrode over at least one of the scanning signal
electrode 54a and the image signal electrode 57a. In this case,
when all portions of the scanning signal electrode 544 and the
image signal electrode 57a are shielded by the pixel electrode
52, an aperture ratio is deteriorated.

[0478] Therefore, by disposing a part of the pixel electrode
52 or the shielding electrode over at least one of the scanning
signal electrode 54a and the image signal electrode 574, it is
possible to avoid deterioration of the aperture ratio. Here, an
optimum disposition of these electrodes are determined tak-
ing the shape of the pixel electrode, disposition of the scan-
ning electrode 54a and the image signal electrode 574, and
fabrication process of the shielding electrode into consider-
ation.

[0479] When it is impossible to make the above-mentioned
distances sufficiently large because of the deterioration of the
aperture ratio and the like but it is required that the direction
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of falling down of liquid crystal molecules is completely
controlled, itis possible to use an optical alignment film as the
alignment layer. In this case, depending on the property of the
optical alignment layer or film, it is possible to irradiate
polarized light thereon from a slant direction, or to irradiate
non-polarized light thereon. Also, in order to avoid distur-
bance of alignment direction of liquid crystal molecules, it is
possible to add monomer a little to the liquid crystal mol-
ecules and to polymerize it such that an appropriate alignment
condition is memorized.

[0480] As shown in FIG. 17, in order to further improve a
precision of locations where alignment directions of liquid
crystal molecules are divided, it is possible to form notches at
peripheral portions of a symmetrical shape or of a centrosym-
metrical shape of each pixel electrode. Also as shown in FIG.
18, it is also possible to form protrusions or projections which
project from the peripheral portions or corners of a symmetri-
cal shape or of a centrosymmetrical shape of each pixel elec-
trode. Further, as shown in FIG. 19, it is also effective to form
voids 44c, that is, portions where no electrode material exists
in each pixel electrode.

[0481] As shown in FIG. 24A and FIG. 24B, it is also
possible to use a pixel electrode 52 having a square shape and
to form concave or recessed portions 52d which extend from
the center toward peripheral portions of the pixel electrode
52. These concave portions 52d may be fabricated by forming
concave portions in the pixel electrode 52 itself or, by forming
concave portions in a layer under the pixel electrode 52. Of
course, a combination of these methods may be utilized.
Other portions of the liquid crystal display of FIG. 24A and
FIG. 23B are the same as those of FIG. 23A and FIG. 23B, and
description thereof is omitted here.

[0482] In amanner similar to the Embodiment 12, in order
to further improve viewing angle characteristics, itis possible
to dispose a negative uniaxial optical compensation film or
layer between a polarizer and a glass substrate. By this
method, retardation of liquid crystal molecules when a volt-
age is applied thereto is cancelled, and complete black is
displayed when such liquid crystal display panel is viewed
from every direction. Therefore, viewing angle characteris-
tics can be further improved.

[0483] In the above-mentioned liquid crystal display, an
initial alignment is the homeotropic alignment as a principle.
However, if the initial alignment deviates in a direction
because of a property of a liquid crystal display element, it is
also possible to additionally stick a film having a positive
value of optical anisotropy to compensate such deviation.
[0484] In the above, an explanation was made on a liquid
crystal display in which anisotropy of permittivity of liquid
crystal molecules is negative and in which liquid crystal mol-
ecules have homeotropic alignment when no voltage is
applied thereto. However, the present invention can be
applied to a liquid crystal display like that of the Embodiment
13 in which anisotropy of permittivity of liquid crystal mol-
ecules is positive and in which liquid crystal molecules have
twisted nematic alignment when no voltage is applied thereto.
In this case, it is possible to obtain liquid crystal alignment
similar to that of the Embodiment 13, and wide viewing angle
characteristics can be realized.

[0485] In this case, liquid crystal layer of each pixel is
divided into four domains as shown in FIGS. 21A and 21B.
When twisted nematic alignment is used, it is preferable that
to use a pixel electrode having a square shape. This is true for
all the embodiments mentioned below.
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[0486] The present invention provide remarkable effects in
a active matrix type liquid crystal display which uses switch-
ing elements, such as thin film transistors and the like. That is,
in the active matrix type liquid crystal display using the usual
TN mode, microfabrication process such as photolithography
and the like is required only for one of the substrates on which
the active elements are fabricated. Usually, on the other sub-
strate called a “common electrode”, the microfabrication pro-
cess is not required but the electrode is formed on whole
portion of the substrate.

[0487] Inorder to perform domain division to obtain a wide
viewing angle in such conventional liquid crystal display,
additional photolithography process and the like is required.
Such additional photolithography and the like causes addi-
tional load on a manufacturing facilities, deterioration of
manufacturing yield and the like, and should be avoided if
possible. According to the present invention, domain division
can be attained in each pixel without additional photolithog-
raphy and the like, and wide viewing angle characteristics can
be obtained.

[0488] A method of manufacturing the liquid crystal dis-
play according to the Embodiment 14 may be the same as that
of the Embodiment 12.

[0489] Next, some examples will be described concerning
the Embodiment 14.

Example 11

[0490] A substrate having an amorphous silicon thin film
transistor (TFT) 50 was formed on the glass substrates 51, by
repeating film forming process and photolithography pro-
cess. The TFT 50 comprises, from the side of the substrate 51,
a gate layer made of chromium 54, a gate insulating film 55
made of silicon nitride, a semiconductor layer 56 made of
amorphous silicon, and drain and source electrodes 57 and 58
made of molybdenum. The source electrode 58 is coupled
with the pixel electrode 52 which is made of ITO and which
has a square shape. The protective layer 59 was formed to
cover these components.

[0491] As an opposing substrate, a color filter substrate
with a black matrix was prepared on which ITO is sputtered
on whole area thereof. A homeotropic layers 33 and 45
(SE1211 purchased from Nissan Chemical Industries, LTD)
were applied on both substrates, and dried by heating for 1
hour at 200 degrees Celsius.

[0492] Sealing material was applied in the peripheral por-
tion of the substrate, and spacer material was sprayed. Then,
the upper substrate and the lower substrate were stuck to each
other, and the sealing material was cured by heating. Then,
nematic liquid crystal material 40 having a negative anisot-
ropy of permittivity was injected into the space between the
substrates, and injecting hole or holes were sealed by using
photocurable resin. A optically negative compensation film
which has the same And as that of the liquid crystal layer and
has an opposite polarity to that of the liquid crystal layer was
stuck to the liquid crystal panel, and then polarizers were
stuck to the upper substrate and the lower substrate such that
the transmission axes thereof become perpendicular to each
other.

[0493] When viewing angle characteristics made in this
way were measured, no inversion of gray shades was
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observed, and superior viewing angle characteristics were
obtained in which a high contrast area was very wide.

Example 12

[0494] A TFT substrate was fabricated similarly to the
Example 11, except that voids 44¢ where no electrode mate-
rial exists were formed at portions of the ITO electrode as
shown in FIG. 19. The other portions were the same as those
of the Example 11.

[0495] When viewing angle characteristics made in this
way were measured, no inversion of gray shades was
observed, and superior viewing angle characteristics were
obtained in which a high contrast area was very wide. Also,
when the inside of a pixel was observed through the micro-
scope. abnormal disclination inside the pixel was not
observed at all, which was observed ina very small number of
pixels in the Example 11.

FExample 13

[0496] A TFT substrate was fabricated similarly to the
Example 11. By using photolithography, portions of the gate
insulating film were etched into a shape as shown in FIG. 24A
and FIG. 24B, and concave portions 524 were formed. On the
portion including such concave portions 524, ITO is sputtered
to obtain the shape shown in F1G. 24A and FIG. 24B. That is,
concave portions were also formed at portions of the ITO film
52. The other portions were the same as those of the Example
11.

[0497] When viewing angle characteristics made in this
way were measured, no inversion of gray shades was
observed, and superior viewing angle characteristics were
obtained in which a high contrast area was very wide. Also,
when the inside of a pixel was observed through the micro-
scope. abnormal movement of disclination was not observed
at all, which was observed in a small number of pixels in the
Example 11.

Example 14

[0498] A TFT substrate and a color filter substrate were
prepared similarly to the Example 11. As alignment films,
JALS-428 purchased from JSR Corporation were applied on
both substrates, and dried by heating for 1 hour at 200 degrees
Celsius. Similarly to the Example 10, rubbing was performed
such that alignment directions of liquid crystal molecules on
the lower substrate and on the upper substrate becomes pet-
pendicular to each other, especially such that the alignment
directions coincide with the directions of diagonal lines of the
square shape. Thereby, alignment directions of the alignment
layers 45a and 53 became as shown by arrows 46 and 47,
respectively, in FIG. 25B. Also, as a liquid crystal agent
having a positive anisotropy of permittivity, Z1.14792 from
which chiral agent was removed was used. By using a similar
method, a liquid crystal display panel as shown in FIG. 25A
and FIG. 25B was fabricated. In the agent Z1.14792, liquid
crystal molecules were aligned in a direction perpendicular to
the direction of rubbing. The pretilt angle measured by using
a crystal rotation method was approximately zero degree.
[0499] In FIG. 25A and FIG. 25B, like portions are desig-
nated by the same reference symbols as those of F1G. 23A and
FIG. 23B, and description thereof is omitted here.

[0500] Viewing angle characteristics of the liquid crystal
panel obtained by this way were measured. As a result
thereof, it was found that no inversion of gray shades was
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observed in whole area of the panel, and superior viewing
angle characteristics were obtained in which an area having a
high contrast ratio was very wide.

Embodiment 15

[0501] Withreferenceto FIG. 26A and FIG. 26B, an expla-
nation will be made on a liquid crystal display according to
the fifteenth embodiment of the present invention.

[0502] Similarly to the Embodiment 14, the liquid crystal
display according to this embodiment is an active matrix type
liquid crystal display in which liquid crystal molecules are
driven by active elements. FIG. 26A shows a cross section of
one pixel of this liquid crystal display. FIG. 26B is a sche-
matic plan view of the liquid crystal display according to this
embodiment, and FIG. 26A is a cross sectional view taken on
line C-C' of FIG. 26B.

[0503] The difference between this embodiment and the
Embodiment 14 is that, in this embodiment, a pixel electrode
72 and a source electrode 78 are not coupled directly with
each other, but are coupled with each other via a through hole
78a.

[0504] Ona transparent substrate 61 of upside, a color filter
layer 62 and a light shielding layer 63 are formed, and on
these layers, a common electrode 64 is formed over approxi-
mately whole area of the transparent substrate. On the com-
mon electrode 64, a homeotropic alignment film 65 is
applied.

[0505] On a lower substrate 71, there is formed a thin film
transistor 70. In the thin film transistor 70, a gate electrode,
thatis, a scanning electrode, 74 made of Cr is disposed. A gate
insulating film 75 made of silicon nitride is formed so as to
cover the gate electrode 74.

[0506] On the gate electrode 74, there is formed a semicon-
ductor film or layer 76 made of amorphous silicon via the gate
insulating film 75. The semiconductor film 76 functions as an
active layer of the thin film transistor (TFT) 70. Also, a drain
electrode 77 and a source electrode 78 made of molybdenum
are formed such that each of these electrodes 77 and 78
partially overlaps the pattern of the semiconductor film 76. A
protective film 79 made of silicon nitride is formed to cover
all of these components. The protective film 79 may be made
only of silicon nitride, but may be made of silicon nitride on
which an organic film such as acrylate and the like is formed.
[0507] Although not shown in the drawings, the drain elec-
trode 77 and the source electrode 78 partially overlaps the
pattern of the semiconductor film 57 via an amorphous silicon
film into which n type impurities are doped. The pixel elec-
trode 72 and the source electrode 78 are coupled via the
through hole 78a.

[0508] As shown in FIG. 26B, the drain electrode 77 con-
tacts a data line, that is, image signal line, 77a. In other words,
the drain electrode 77 is formed as a part of the data line 77a.
Also, the gate electrode 74 is formed as a part of the scanning
line 74a.

[0509] Also, apixel electrode 72 is formed on the protective
film 79 and coupled with the source electrode 78. On the pixel
electrode 72, a homeotropic alignment layer or film 73 is
formed.

[0510] In this embodiment, the pixel electrode 72 is
coupled with the source electrode 78, and an image signal is
applied to the pixel electrode 72 from the source electrode 78.
On-off of the image signal is controlled by the scanning
signal. The pixel electrode 72 has a shape having a good
symmetry. In this embodiment, the pixel electrode 72 has an
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octagonal shape, but it is possible to obtain similar effect by
using other shape, such as a circle, a pentagon, a square, or the
like as shown in FIG. 15C.

[0511] It should be noted that liquid crystal molecules 60
having a negative anisotropy of permittivity are injected
between the upper and lower substrates.

[0512] Since the alignment layers 65 and 73 of the upper
and lower substrates are homeotropic alignment layers, when
no voltage is applied, liquid crystal molecules 60 are aligned
approximately perpendicular to the substrates.

[0513] When the thin film transistor (TFT) 70 is turned on
by applying a voltage to the gate electrode 74 thereof, a
voltage is applied to the source electrode 78 and an electric
field is produced between the common electrode 64 and the
pixel electrode 72 opposing to each other. In this case, since
the pixel electrode 72 has a good symmetry and the size of the
common electrode 64 is larger than that of the pixel electrode
72, the electric field produced between the pixel electrode 72
and the common electrode 64 is not perpendicular to the
substrates. That is, the electric field produced between the
pixel electrode 72 and the common electrode 64 has slant
components from peripheral portions of the pixel electrode
toward the central portion. Therefore, liquid crystal mol-
ecules 60 having a negative anisotropy of permittivity rotate
symmetrically toward the center of the pixel as shown in FIG.
26A. Accordingly, the alignment directions of liquid crystal
molecules in each pixel are automatically divided into differ-
ent directions.

[0514] Inthisway,according to the present invention, when
liquid crystal molecules having negative anisotropy of per-
mittivity are used, it is possible to automatically or naturally
divide direction of rotation of liquid crystal molecules and to
obtain wide viewing angle characteristics, without perform-
ing special treatment on the alignment layers.

[0515] Especially, in an active matrix type liquid crystal
display, there is a possibility that, because of an influence by
a lateral electric field from the scanning signal electrode 74a
and the image signal electrode 77a, an unnecessary disclina-
tion line appears within a pixel electrode portion and align-
ment of liquid crystal molecules is disturbed thereby. Such
problem may be solved by enlarging the distances between
the scanning signal electrode 74a and the pixel electrode 72
and between the image signal electrode 77a and the pixel
electrode 72. However, when the size of each pixel is small, it
is not preferable to make these distances too large, because of
the deterioration of an aperture ratio.

[0516] As another method of solving this problem, it is
possible to dispose a portion of the pixel electrode 72 or a
shielding electrode over at least one of the scanning signal
electrode 74a and the image signal electrode 77q. In this case,
when all portions of the scanning signal electrode 74a and the
image signal electrode 77a are shielded by the pixel electrode
72, an aperture ratio is deteriorated. Therefore, by disposing a
part of the pixel electrode 72 or the shielding electrode over at
least one of the scanning signal electrode 74a and the image
signal electrode 774, it is possible to avoid deterioration of the
aperture ratio.

[0517] Here, an optimum disposition of these electrodes
are determined taking the shape of the pixel electrode, dispo-
sition of the scanning electrode 74a and the image signal
electrode 77a, and fabrication process of the shielding elec-
trode into consideration.

[0518] When it is impossible to make the above-mentioned
distances sufficiently large because of the deterioration of the
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aperture ratio and the like but it is required that the direction
of falling down of liquid crystal molecules is completely
controlled, it is possible to use an optical alignment film as the
alignment layer. In this case, depending on the property of the
optical alignment layer or film, it is possible to irradiate
polarized light thereon from a slant direction, or to irradiate
non-polarized light thereon. Also, in order to avoid distur-
bance of alignment direction of liquid crystal molecules, it is
possible to add monomer a little to the liquid crystal mol-
ecules and to polymerize it such that an appropriate alignment
condition is memorized.

[0519] As shown in FIG. 17, in order to further improve a
stability of locations where alignment directions of liquid
crystal molecules are divided, it is possible to form notches at
portions of each pixel electrode. Also as shown in FIG. 18, it
is possible to form protrusions or projections which project
from the corner portions of each pixel electrode toward out-
side. Further, as shown in dotted lines of FIG. 19, it is also
effective to form voids 44c, that is, portions where no elec-
trode material exists in each pixel electrode.

[0520] Also, similarly to the structure shown in FIG. 24A
and F1G. 24B, it is also possible to form concave or recessed
portions which extend from the center toward peripheral por-
tions of the pixel electrode 72 as shown in FIG. 20. These
concave portions may be fabricated by forming concave por-
tions in the pixel electrode 72 itself or, by forming concave
portions in a layer under the pixel electrode 72. Of course, a
combination of these methods may be utilized.

[0521] Inamanner similar to the Embodiment 12, in order
to further improve viewing angle characteristics, it is possible
to dispose a negative uniaxial optical compensation film or
layer between a polarizer and a glass substrate. By this
method, retardation of liquid crystal molecules when a volt-
age is applied thereto is cancelled, and complete black is
displayed when such liquid crystal display panel is viewed
from every direction. Therefore, viewing angle characteris-
tics can be further improved.

[0522] Incase the size of each pixel is large, it is possible to
apply a voltage near the threshold value, before applying a
drive voltage. By this method, directions of falling down of
liquid crystal molecules are previously defined, and the time
for reaching a divided condition becomes shorter than that of
the case in which the drive voltage is suddenly applied,
thereby a response speed can be shortened. When the voltage
slightly larger than the threshold value is applied, liquid crys-
tal molecules at a peripheral portion of each pixel starts to fall
down earlier, and there appears a leakage of light from such
portion and a contrast ratio decreases thereby. In such case, it
is possible to optically shield such portion to avoid deterio-
ration of the contrast ratio.

[0523] In the above-mentioned liquid crystal display, an
initial alignment is the homeotropic alignment as a principle.
However, if the initial alignment deviates in a direction
because of a property of a liquid crystal display element, it is
also possible to additionally stick a film having a positive
value of optical anisotropy to compensate such deviation.
[0524] In the above, an explanation was made on a liquid
crystal display in which anisotropy of permittivity of liquid
crystal molecules is negative and in which liquid crystal mol-
ecules have homeotropic alignment when no voltage is
applied thereto. However, the present invention can be
applied to a liquid crystal display like that of the Embodiment
13 in which anisotropy of permittivity of liquid crystal mol-
ecules is positive and in which liquid crystal molecules have
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twisted nematic alignment when no voltage is applied thereto.
In this case, a liquid crystal alignment similar to that of the
Embodiment 13 is obtained and wide viewing angle charac-
teristics can be realized. The liquid crystal layer is divided
into four domains as shown in FIG. 21A and FIG. 21B. When
a twisted nematic alignment is used, it is preferable that that
the shape of the pixel electrode is a square.

[0525] A method of manufacturing the liquid crystal dis-
play according to the Embodiment 15 may be the same as that
of the Embodiment 12.

[0526] Next, some examples will be described concerning
the Embodiment 15.

Example 15

[0527] Similarly to the Embodiment 11, a substrate having
an amorphous silicon thin film transistor (TFT) 70 was
formed on the glass substrates 71, by repeating film forming
process and photolithograpy process. The TFT 70 comprises,
from the side of the substrate 71, a gate layer made of chro-
mium 74, a gate insulating film 75 made of silicon nitride, a
semiconductor layer 76 made of amorphous silicon, and drain
and source electrodes 77 and 78 made of molybdenum. The
silicon nitride layer 79 was formed to cover these compo-
nents. The source electrode 78 was coupled with the pixel
electrode 72 via the through hole 78a. The pixel electrode 72
was made to have an octagonal shape.

[0528] As an opposing substrate, a color filter substrate
with a black matrix was prepared on which ITO is sputtered
on whole area thereof similarly to the Embodiment 11. A
homeotropic layers 65 and 73 (SE1211 purchased from Nis-
san Chemical Industries, LTD) were applied on both sub-
strates, and dried by heating for 1 hour at 200 degrees Celsius.
[0529] Sealing material was applied in the peripheral por-
tion of the substrate, and spacer material was sprayed. Then,
the upper substrate and the lower substrate were stuck to each
other, and the sealing material was cured by heating. Then,
nematic liquid crystal material 60 having a negative anisot-
ropy of permittivity was injected into the space between the
substrates, and injecting hole or holes were sealed by using
photocurable resin. A optically negative compensation film
which has the same And as that of the liquid crystal layer and
has an opposite polarity to that of the liquid crystal layer was
stuck to the liquid crystal panel, and then polarizers were
stuck to the upper substrate and the lower substrate such that
the transmission axes thereof become perpendicular to each
other.

[0530] When viewing angle characteristics made in this
way were measured, no inversion of gray shades was
observed, and superior viewing angle characteristics were
obtained in which a high contrast area was very wide.

Example 16

[0531] Similarly to the Embodiment 15, a color filter sub-
strate and a TFT substrate in which the shape of each pixel
electrode is a square were prepared. An optical alignment
layer was applied only on the side of the TFT substrate.
Polarized ultraviolet rays were irradiated from each of four
directions via a mask such that a pixel area was divided into
four domains. Division of a pixel area was performed via
boundaries shown in FIG. 20.

[0532] Similarly to the Example 15, application of sealing
material, spraying of spacer material, injection of liquid crys-
tal material, and sealing of an injection hole were performed.
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A optically negative compensation film which has the same
And as that of the liquid crystal layer and has an opposite
polarity to that of the liquid crystal layer was stuck to the
liquid crystal panel, and then polarizers were stuck to the
upper substrate and the lower substrate such that the trans-
mission axes thereof become perpendicular to each other.
[0533] When viewing angle characteristics of the panel
made in this way were measured, no inversion of gray shades
was observed, and superior viewing angle characteristics
were obtained in which a high contrast area was very wide.
[0534] Also, when, during a drive operation, a pixel was
observed through the microscope, abnormal movement of
disclination inside the pixel was not observed at all, which
was observed in a very small number of pixels in the Example
15.

Example 17

[0535] Similarly to the Embodiment 15, a color filter sub-
strate and a TFT substrate were prepared. Column members
as spacers each having a height of 6 pm were formed on the
color filter substrate and outside pixel electrodes, by using
photolithography which uses a negative photoresist film.
Similarly to the Example 15, a homeotropic layers (SE1211
purchased from Nissan Chemical Industries, LTD) were
applied on both substrates, and dried by heating for 1 hour at
200 degrees Celsius. Similarly to the Example 13, spraying of
spacer agent was omitted, and liquid crystal display panel was
fabricated.

[0536] Then, liquid crystal solution was injected into the
panel while taking care that no light is irradiated onto the
liquid crystal solution, and an injecting hole was sealed. The
liquid crystal solution was comprised of: nematic liquid crys-
tal material having a negative anisotropy of permittivity
(MI95955 purchased from Merck Japan Limited); ultravio-
letcurable monomer (KAYARAD PET-30 purchased from
Nippon Kayaku Co., LTD)(0.2 wt % with respect to liquid
crystal material); photo-initiator IRGANOX907 purchased
from Ciba Speciality Chemicals K.K. (5 wt % with respect to
monomer). While applying voltages to the panel such that 0V
is applied to the common electrode and 3V is applied to the
pixel electrodes, ultraviolet rays were irradiated onto the
panel from the side of the TFT’s, thereby polymerization of
monomer in the liquid crystal material was performed. A
optically negative compensation film which has the same And
as that of the liquid crystal layer and has an opposite polarity
to that of the liquid crystal layer was stuck to the liquid crystal
panel, and then polarizers were stuck to the upper substrate
and the lower substrate such that the transmission axes
thereof become perpendicular to each other.

[0537] When viewing angle characteristics made in this
way were measured, no inversion of gray shades was
observed, and superior viewing angle characteristics were
obtained in which a high contrast area was very wide.
[0538] Similarly to the Example 16, during a drive opera-
tion, a pixel was observed through the microscope, abnormal
movement of disclination inside the pixel was not observed at
all, which was observed in a very small number of pixels in
the Example 15.

Embodiment 16

[0539] With referenceto FIG. 27A and FIG. 27B, an expla-
nation will be made on a liquid crystal display according to
the sixteenth embodiment of the present invention.
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[0540] The liquid crystal display according to this embodi-
ment is an active matrix type liquid crystal display in which
liquid crystal molecules are driven by active elements. FIG.
27 A shows a cross section of one pixel of this liquid crystal
display. FIG. 27B is a schematic plan view of the liquid
crystal display according to this embodiment, and FIG. 27A
is a cross sectional view taken on line D-D' of FIG. 27B. In
this embodiment, a color filter layer is provided on the side of
a lower substrate.

[0541] On a transparent substrate 81 of upside, a common
electrode 82 is formed over approximately whole area of the
transparent substrate. On the common electrode 82, a homeo-
tropic alignment film 83 is applied.

[0542] On a lower substrate 91, there is formed a thin film
transistor 90. In the thin film transistor 90, a gate electrode,
thatis, a scanning electrode, 84 made of Cr is disposed. A gate
insulating film 85 made of silicon nitride is formed so as to
cover the gate electrode 84. On the gate electrode 84, there is
formed a semiconductor film 86 made of amorphous silicon
via the gate insulating film 85. The semiconductor film 86
functions as an active layer of the thin film transistor (TFT)
90. Also, a drain electrode 87 and a source electrode 88 made
of molybdenum are formed such that each of these electrodes
87 and 88 partially overlaps the pattern of the semiconductor
film 86. A protective film 89 made of silicon nitride is formed
to cover all of these components.

[0543] Although not shown in the drawings, the drain elec-
trode 87 and the source electrode 88 partially overlaps the
pattern of the semiconductor film 86 via an amorphous silicon
film into which n type impurities are doped. As shown in FIG.
27B, the drain electrode 87 contacts a data line, that is, image
signal line, 87a. In other words, the drain electrode 87 is
formed as a part of the data line 87a. Also, the gate electrode
84 is formed as a part of the scanning line 84a.

[0544] Further, in the Embodiment 16, a color filter layer 94
is formed on the protective film 89. Also, on the protecting
film 89, there is formed a light shielding layer 96 such that the
light shielding layer covers the active layer 86 of the TFT. The
color filter layer 94 and the light shielding layer 96 are cov-
ered by an overcoating layer 95. The overcoating layer 95 is
made of a transparent and insulating material which is not
easily charged up.

[0545]  Also, a pixel electrode 92 is formed on the overcoat-
ing layer 95 and coupled with the source electrode 88 via a
through hole 97. On the pixel electrode 92, a homeotropic
alignment layer or film 93 is formed.

[0546] Similarly to other embodiments, in this embodi-
ment, the pixel electrode 92 is coupled with the source elec-
trode 88, and an image signal is applied to the pixel electrode
92 from the source electrode 88. On-off of the image signal is
controlled by the scanning signal. The pixel electrode 92 has
a shape having a good symmetry. In this embodiment, the
pixel electrode 92 has a square shape as an example, but it is
possible to obtain similar effect by using other shape, such as
a circle, a pentagon, an octagon, or the like.

[0547] It should be noted that liquid crystal molecules 80
having a negative anisotropy of permittivity are injected
between the upper and lower substrates.

[0548] Since the alignment layers of the upper and lower
substrates are homeotropic alignment layers, when no voltage
is applied, liquid crystal molecules 80 are aligned approxi-
mately perpendicular to the substrates.

[0549] When the thin film transistor (TFT) 90 is turned on
by applying a voltage to the gate electrode 84 thereof, a
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voltage is applied to the source electrode 88 and an electric
field is produced between the common electrode 82 and the
pixel electrode 92 opposing to each other. In this case, since
the pixel electrode 92 has a good symmetry and the size of the
common electrode 82 is larger than that of the pixel electrode
92, the electric field produced between the pixel electrode 92
and the common electrode 88 is not perpendicular to the
substrates. That is, the electric field produced between the
pixel electrode 92 and the common electrode 88 has slant
components from peripheral portions of the pixel electrode
toward the central portion. Therefore, liquid crystal mol-
ecules having a negative anisotropy of permittivity rotate
symmetrically toward the center of the pixel as shown in FIG.
27A. That is, since the pixel electrode 92 has a symmetrical
shape, the electric field is divided into components having
different directions with symmetry. Accordingly, the align-
ment directions of liquid crystal molecules in each pixel are
automatically divided into different directions.

[0550] In this way, when liquid crystal molecules having
negative anisotropy of permittivity are used, it is possible to
automatically or naturally divide direction of rotation of lig-
uid crystal molecules and to obtain wide viewing angle char-
acteristics, without performing special treatment on the align-
ment layers.

[0551] In the structure of the liquid crystal display of the
Embodiment 16, since distances from the pixel electrode 92
to the gate line 844 and the drain line 87a are sufficiently
large, liquid crystal alignment is hardly disturbed by the elec-
tric field from these electrodes.

[0552] Nevertheless, it is possible to dispose shielding elec-
trodes on one of or both of the electrodes.

[0553] In the Embodiment 16, the pixel electrode 92 is
disposed between the color filter layer 94 and the liquid
crystal layer 80. Therefore, even the registration between the
pixel electrode 92 and color filter layer 94 is not required, and
required precision of alignment between the upper and lower
substrates can be greatly mitigated. Such remarkable effect is
not obtained by a conventional technology of providing open-
ings in common electrode. Also, by disposing the pixel elec-
trode 92 between the color filter layer 94 and the liquid crystal
layer 80, it is possible to greatly reduce an influence by the
lateral electric field from the scanning signal electrode 84a
and the drain line 87a. Further, by using this structure, color
irregularity caused by the charge-up in the color filter layer 94
which occurs in a liquid crystal display of IPS system and in
a liquid crystal display in which homeotropic aligned liquid
crystal molecules are rotated down by a lateral electric field
can be obviated.

[0554] When it is required that the direction of rotating
down ofliquid crystal molecules is more precisely controlled,
it is possible to use an optical alignment film as the alignment
layer. In this case, depending on the property of the optical
alignment layer or film, it is possible to irradiate polarized
light thereon from a slant direction, or to irradiate non-polar-
ized light thereon. Also, in order to avoid disturbance of
alignment direction of liquid crystal molecules, it is possible
to add monomer a little to the liquid crystal molecules and to
polymerize it such that an appropriate alignment condition is
memorized.

[0555] When polarizers are disposed such that the trans-
mission axes thereof become perpendicular to each other, the
liquid crystal display becomes that of normally black mode.
In order to eliminate viewing angle dependence of retardation
of initial alignment of liquid crystal display, it is possible to
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use a combination of a negative uniaxial optical compensa-
tion film and a positive uniaxial optical compensation film.
By this method, viewing angle dependence of black condition
can be removed. Therefore, image quality can be improved
and viewing angle characteristics can be further improved.
[0556] In the above, an explanation was made on a liquid
crystal display in which anisotropy of permittivity of liquid
crystal molecules is negative and in which liquid crystal mol-
ecules have homeotropic alignment when no voltage is
applied thereto. However, the present invention can be
applied to a liquid crystal display like that of the Embodiment
13 in which anisotropy of permittivity of liquid crystal mol-
ecules is positive and in which liquid crystal molecules have
twisted nematic alignment when no voltage is applied thereto.
In this case, it is possible to obtain liquid crystal alignment
similar to that of the Embodiment 13, and wide viewing angle
characteristics can be realized.

[0557] In this case, liquid crystal layer of each pixel is
divided into four domains as shown in FIGS. 21A and 21B.
When twisted nematic alignment is used, it is preferable to
use a pixel electrode having a square shape.

[0558] A method of manufacturing the liquid crystal dis-
play according to the Embodiment 16 may be the same as that
of the Embodiment 12.

[0559] Next, some examples will be described concerning
the Embodiment 16.

Example 18

[0560] A substrate having an amorphous silicon thin film
transistor (TFT) 90 was formed on the glass substrates 91, by
repeating film forming process and photolithograpy process.
The TFT 90 comprises, from the side of the substrate 91, a
gate layer made of chromium 84, a gate insulating film 85
made of silicon nitride, a semiconductor layer 86 made of
amorphous silicon, and drain and source electrodes 87 and 88
made of molybdenum. The protective layer 89 was formed on
the gate insulating film 85 such that the protective layer 89
covers the drain electrode 87, the source electrode 88 and the
semiconductor film 86.

[0561] Next, on the protective layer 89, a color filter layer
and light shield layer are formed. The color filter layer 94 is
composed, for example, of a resin film including a dye or
pigment of red, green or blue. The light shield layer 96 may be
composed, for example, of a resin film including a dye or
pigment of black. It is also possible to form the light shield
layer 96 by using a metal.

[0562] The color filter layer 94 may be composed, for
example, of a pigment-dispersed photoresist material in
which pigment providing a desired optical property. such as
red color and the like, is dispersed in negative type photosen-
sitive acrylic resin. First, the pigment-dispersed photoresist
material is applied to the protective film to form a photoresist
film. Then, the photoresist film is exposed via a photomask
such that light is selectively irradiated onto the pixel areas
disposed in a matrix. After the exposure, the photoresist film
is developed by using a predetermined developer to form
predetermined patterns. These processes steps are repeated
several times as the number of colors, for example, three
times for red, blue and green, to form the color filter layer 94.
[0563] On the color filter layer 94 and the light shield layer
96, an overcoating layer 95 made of a transparent insulating
material is formed. The overcoating layer 95 can be formed
by using, for example, thermocurable resin such as acrylic
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resin and the like. Also, the overcoating layer 95 may be made
of photocurable transparent resin.

[0564] Finally, the pixel electrode 92 which has a square
shape and which couples with the source electrode 88 via a
through hole 97 was formed on the overcoating layer 95.
[0565] As an opposing substrate, a glass substrate was pre-
pared on which ITO is sputtered on whole area thereof.
Homeotropic layers 83 and 93 (SE1211 purchased from Nis-
san Chemical Industries, LTD) were applied on both sub-
strates, and dried by heating for 1 hour at 200 degrees Celsius.
[0566] Sealing material was applied in the peripheral por-
tion of the substrate, and spacer material was sprayed. Then,
the upper substrate and the lower substrate were stuck to each
other, and the sealing material was cured by heating. Then,
nematic liquid crystal material 80 having a negative anisot-
ropy of permittivity was injected into the space between the
substrates, and injecting hole or holes were sealed by using
photocurable resin. A optically negative compensation film
which has the same And as that of the liquid crystal layer and
has an opposite polarity to that of the liquid crystal layer was
stuck to the liquid crystal panel, and then polarizers were
stuck to the upper substrate and the lower substrate such that
the transmission axes thereof become perpendicular to each
other.

[0567] When viewing angle characteristics made in this
way were measured, no inversion of gray shades was
observed, and superior viewing angle characteristics were
obtained in which a high contrast area was very wide. Also,
when the upper and lower substrates were assembled, special
registration was not required. It is considered that this method
can be appropriately and completely applied to the liquid
crystal display having pixels of small sizes.

[0568] A response speed of the liquid crystal panel fabri-
cated in this way was measured. When a voltage of 5V was
applied suddenly from OV without applying a bias voltage, a
quantity of transmitted light did not come to a stable condition
even after 40 ms. On the other hand, when a bias voltage of
2.2V was previously applied and a drive voltage of 5V was
applied, a quantity of transmitted light became stable after 20
ms. An alignment condition of liquid crystal molecules of
TEG fabricated in the same condition as that of the panel was
observed by using a stroboscope. As shown in FIG. 45(a),
even after 40 ms., disturbance of liquid crystal alignment was
observed, and it was found that this was the cause of unstable-
ness of a quantity of transmitted light. Also, when the bias
voltage 0f2.2V was applied, the alignment condition ofliquid
crystal molecules after 20 ms. was stable as shown in FIG.
45(b). It was found that, by applying a bias voltage in this way,
it is possible to obtain a high response speed. When a bias
voltage of 2.2V was applied, a contrast ratio was decreased
from 2300 which was obtained when no bias was applied
(0V) to 130. As apparent from the liquid crystal alignment
condition after 5 ms, this was caused by the leakage of light at
aperipheral portion of a pixel. However, when the peripheral
portion was optically shielded by using a black matrix, the
contrast ratio was improved to a high value of 2000. In FIG.
45, anumeral ata lower left portion of each photograph shows
an elapsed time in milliseconds (ms) after the application of
the voltage of 5V.

Example 19

[0569] A liquid crystal display panel was fabricated simi-
larly to the Example 18, except that each pixel electrode has
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protrusions as shown in FIG. 18. The other portions were the
same as those of the Example 18.

[0570] When viewing angle characteristics made in this
way were measured, no inversion of gray shades was
observed, and superior viewing angle characteristics were
obtained in which a high contrast area was very wide. Also,
when the inside of a pixel was observed through the micro-
scope. no bend of disclination inside the pixel was observed at
all, which was observed in a very small number of pixels in
the Example 18.

Example 20

[0571] Similarly to the Example 18, the TFT substrate, the
color filter layer 94, the overcoating layer 95 were formed.
Also, the pixel electrodes 92 each having a square shape were
formed. Similarly to the Example 10, as alignment films,
JALS-428 purchased from JSR Corporation was used. Also,
as a liquid crystal agent, Z1.14792 from which chiral agent
was removed was used. Rubbing was performed similarly to
the Example 10. The liquid crystal display panel was fabri-
cated similarly to the Example 18.

[0572] When viewing angle characteristics made in this
way were measured, no inversion of gray shades was
observed, and superior viewing angle characteristics were
obtained in which a high contrast area was very wide. Also,
when the upper and lower substrates were assembled, special
registration was not required. It is considered that this method
can be appropriately and completely applied to the liquid
crystal display having pixels of small sizes.

Example 21

[0573] A liquid crystal display panel was fabricated simi-
larly to the Example 20, except that each pixel electrode has
protrusions as shown in FIG. 18. The other portions were the
same as those of the Example 20.

[0574] When viewing angle characteristics made in this
way were measured, no inversion of gray shades was
observed, and superior viewing angle characteristics were
obtained in which a high contrast area was very wide.
[0575] As mentioned above, according to the present inven-
tion, in the liquid crystal displays such as those according to
the Embodiment 12 through Embodiment 16 each of which
comprises a first substrate, a second substrate and a liquid
crystal layer inserted between the first and second substrates,
and in which a voltage is applied between a common elec-
trode on the first substrate and each of pixel electrodes on the
second substrate, each of the pixel electrodes has a symmetri-
cal shape and is smaller than the common electrode and is
within the area of the common electrode. Therefore, when a
voltage is applied, liquid crystal molecules rotate down sym-
metrically, and each pixel is automatically divided into a
plurality of domains. Accordingly, it is possible to obtain
wide viewing angle characteristics without introducing addi-
tional process such as photolithography and the like. Espe-
cially, in case the color filter layer is formed on the second
substrate, high precision registration is not required at all
when both substrates are assembled into a liquid crystal dis-
play panel, and it is possible to easily fabricate a liquid crystal
display panel having minute pixels.

[0576] Also, by using a method of manufacturing a liquid
crystal display according to the present invention, it is pos-
sible to easily manufacture such liquid crystal display.
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[0577] Further, by using a method of driving aliquid crystal
display according to the present invention, it is possible to
surely perform division of alignment directions in each pixel,
even when the area of each pixel is very small.

[0578] In summary, according to the present invention,
according to the present invention, it is possible to obtain a
liquid crystal display in which disturbance of liquid crystal
alignment such as disclination and the like caused by a lateral
electric field does not occur.

[0579] Also, it is possible to provide a liquid crystal display
in which disturbance or collapse of appropriately divided
alignments of liquid crystal molecules dose not occur due to
an external force exerted on the surface of the liquid crystal
display.

[0580] Further, according to the present invention, it is pos-
sible to easily realize division of domains having different
alignment directions.

[0581] Still further, according to the present invention, it is
possible to easily make electrical contact, for example,
between electrodes of upper substrate and lower substrate.
[0582] Still further, according to the present invention, it is
possible to provide a liquid crystal display which uses ferro-
electric liquid crystal material or antiferroelectric liquid crys-
tal material and which has a good display quality.

[0583] Also, according to the present invention, it is pos-
sible to obtain wide viewing angle characteristics without
introducing additional process such as photolithography and
the like and without using complicated process.

[0584] Further, by using a method of manufacturing a lig-
uid crystal display according to the present invention, it is
possible to easily manufacture such liquid crystal display.
[0585] Still further, by using a method of driving a liquid
crystal display according to the present invention, it is pos-
sible to surely perform division of alignment directions in
each pixel, even when the area of each pixel is very small.
[0586] In the foregoing specification, the invention has
been described with reference to specific embodiments. How-
ever, one of ordinary skill in the art appreciates that various
modifications and changes can be made without departing
from the scope of the present invention as set forth in the
claims below. Accordingly, the specification and figures are to
be regarded in an illustrative sense rather than a restrictive
sense, and all such modifications are to be included within the
scope of the present invention. Therefore, it is intended that
this invention encompasses all of the variations and modifi-
cations as fall within the scope of the appended claims.

1. A liquid crystal display comprising:

a first substrate having a common electrode formed
thereon;

a second substrate opposed to said first substrate and hav-
ing a plurality of pixel electrodes formed thereon;

a liquid crystal layer disposed between said first and sec-
ond substrates;

wherein each of said pixel electrodes has a smaller area
than that of said common electrode, and is approxi-
mately covered by said common electrode;

wherein each of said pixel electrodes has a shape made of
a link of a plurality of sub-pixels made of electrode
portions each having approximately symmetrical shape;

in said plurality of sub-pixels, there exist a plurality of
minute areas having different directions of rising up of
liquid crystal molecules, and electrode of each of said
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sub-pixels has a smaller area than that of said common
electrode, and is approximately covered by said com-
mon electrode;

wherein an electrode portion of at least one of said sub-
pixels has high reflectance; and

wherein said liquid crystal layer comprises liquid crystal
material having negative anisotropy of permittivity, and
liquid crystal molecules of said liquid crystal material

Mar. 18, 2010

align approximately perpendicular to the surfaces of
said first and second substrates when no voltage is
applied thereto.
2. The liquid crystal display of claim 1, wherein the surface
of said electrode portion having high reflectance has
unevenness.
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