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7) ABSTRACT

Two electrodes in parallel with each other are formed on one
of two substrates, homeotropic alignment films are formed
on the substrates and a liquid crystal material having posi-
tive dielectric anisotropy is injected between the substrates.
When the voltage is applied to the two electrodes, a para-
bolic electric field between the electrodes drives the liquid
crystal molecules. Since the electric field generated is sym-
metrical with respect to the boundary-plane equal distance
from each of the two electrodes, the liquid crystal molecules
are symmetrically aligned with respect to the boundary-
plane. The electric field does not exert influences the liquid
crystal molecules on the boundary-plane since the electric
field on the boundary-plane is parallel with the substrates
and perpendicular to the two electrodes; and thus, it is
perpendicular to the liquid crystal molecules Here, the
polarization of the light is changed while passing through
the liquid crystal layer and as a result, only a part of the light
passes through the polarizing plate. The transmittance of the
light can be varied by controlling the magnitude of voltage
applied to the two electrodes.
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FIG.1A (Prior Art)
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FIG.2A (Prior Art)
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FIG.3A
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FIG.3C
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LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal
display.

[0003] 2. Description of the Related Art

[0004] Generally, a conventional liquid crystal display

(LCD) comprises two substrates having electrodes and lig-
uid crystal injected therebetween. Light transmittance is
adjusted by controlling the intensity of voltage being applied
to the electrodes.

[0005] Hereinafter, the conventional LCD is explained in
detail with reference to the accompanying drawings.

[0006] FIGS. 1A and 1B are¢ sectional views of a con-
ventional twisted-nematic liquid crystal display (TN-LCD).
The TN-LCD in FIG. 1A, comprises: transparent glass
substrates 1 and 2 facing each other; a liquid crystal layer 7
inserted between the substrates 1 and 2; and electrodes 3 and
4 formed respectively on the inner surfaces of the transpar-
ent glass substrates 1 and 2; and two polarizing plates § and
6 attached to the outer surface of the glass substrates 1 and
2 respectively for polarizing the light.

[0007] The electrode 3 of the lower substrate 1 is a pixel
electrode, and the electrode 4 of the upper substrate 2 is a

common electrode, and dielectric anisotropy £ € of the liquid
crystal layer 7 is positive.

[0008] In the absence of electric field, the long axis of the
liquid crystal molecules 8 of the liquid crystal layer 7 is in
parallel with the substrates 1 and 2, and the liquid crystal
molecules 8 are twisted spirally from one substrate to the
other substrate.

[0009] When a power V is connected to the electrodes 3
and 4, and sufficient electric field is present in the liquid
crystal layer 7 in the direction of the arrow as illustrated in
FIG. 1B, the major axis of the liquid crystal molecules 8 is
in parallel with the direction of the electric field. This type
of TN-LCD unfortunately results in having a narrow view-
ing angle.

[0010] To remedy this problem, a new method, an in-plane
switching liquid crystal display (IPS-LCD), has been pro-
posed recently. FIGS. 2A and 2B are sectional views of a
conventional IPS-LCD. The main difference between the
TN-LCD and the IPS-LCD lies with the placement of the
electrodes 3 and 4.

[0011] Unlike the TN-LCD, both electrodes 3 and 4 of the
IPS-LCD are formed on the same substrate, either upper or
lower, in parallel to each other. In FIGS. 2A and 2B, the
electrodes 3 and 4 are formed on the lower substrate 1 as an

example. The dielectric anisotropy 4 € of the liquid crystal
layer 7 may be positive or negative. The other reference
numerals of FIGS. 2A and 2B represent the same elements
of FIGS. 1A and 1B.

[0012] In the absence of electric field, the long axis of the
liquid crystal molecules 8 of the liquid crystal layer 7 is
parallel with the two substrates 1 and 2, or has a predeter-
mined angle with respect to the two electrodes 3 and 4.
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[0013] When a power V is connected to the two electrodes
3 and 4, and sufficient electric field is applied, the generated
electric field is substantially parallel with the substrates 1
and 2, and perpendicular to the electrodes 3 and 4. Accord-
ingly, the long axis of the liquid crystal molecules 8 at the
center of the liquid crystal layer 7 is parallel with the electric
field.

[0014] On the other hand, the liquid crystal molecules 8,
away from the center of the liquid crystal layer 7, has a
spirally twisted substructure since the liquid crystal mol-
ecules § near the substrates 1 and 2 maintain their initial
state due to the alignment force.

[0015] However, the IPS-LCD has undesirable effects of
reduced contrast ratio due to light leakage in the dark state
and the decreased response speed of the liquid crystal
molecules.

SUMMARY OF THE INVENTION

[0016] An object of the present invention is to provide a
liquid crystal display having (LCD) a wide viewing angle to
substantially obviate the problems associated with the
related art.

[0017] An LCD according to embodiments of the present
invention is made by injecting a liquid crystal material
having dielectric anisotropy between first and second sub-
strates and aligning perpendicularly the liquid crystal mol-
ecules with respect to the two substrates. First and second
electrodes are formed on one of the two substrates and made
parallel with each other.

[0018] Alignment films for aligning molecular axes of the
liquid crystal molecules perpendicularly with respect to the
substrates may be formed on the first or the second substrate,
and the alignment films may or may not be rubbed.

[0019] In addition, the LCD of the present invention may
further include polarizing plates, and the transmission axes
of the polarizing plates are parallel or perpendicular to each
other.

[0020] Here, the dielectric anisotropy of the liquid crystal
material may be positive or negative, and may be one among
pure nematic liquid crystal, chiral nematic liquid crystal and
nematic liquid crystal having chiral dopant.

[0021] When voltage is applied to two electrodes of the
LCD of the present invention, a parabolic electric field is
generated between the two electrodes, and the liquid crystal
molecules are driven by the electric field.

[0022] The liquid crystal display described above is called
an electrically-induced optical compensation liquid crystal
display (EOC-LCD).

[0023] 1Inthe EOC-LCD according to the embodiments of
the present invention, the liquid crystal molecules are sym-
metrically aligned to the surface which is equal distance
from each of the electrodes. Accordingly, the phase retar-
dation of the transmitted light is symmetrically caused,
thereby obtaining a wide viewing angle.

[0024] Additional objects and advantages of the present
invention are set forth in part in the description which
follows, and in part will be obvious from the description, or
may be learned by practice of the invention. The objects and
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advantages of the invention will be realized and attained by
means of the elements and combinations particularly pointed
out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The accompanying drawings, illustrate embodi-
ments of the present invention and together with the descrip-
tion, serve to explain the principles of the invention.

[0026] FIGS. 1A and 1B are sectional views of a con-
ventional TN-LCD;

[0027] FIGS. 2A and 2B are sectional views of a con-
ventional IPS-LCD;

[0028] FIGS.3A 1o 3C illustrates a basic driving principle
of an EOC-LCD according to a first embodiment of the
present invention,

[0029] FIGS. 4A to 4C illustrate a basic driving principle
of an EOC-LCD according to a second embodiment of the
present invention,

[0030] FIG. 5 is a plan view of an electrode formed in a
pixel unit in an EOC-LCD according to a third embodiment
of the present invention;

[0031] FIG. 6 is a plan view of an electrode formed in a
pixel unit in an EOC-LCD according to a fourth embodi-
ment of the present invention;

[0032] FIGS. 7 to 17 are graphical illustrations of a
viewing angle of an EOC-LCD according to an embodiment
of the present invention; and

[0033] FIG. 18 is a graphical illustration of electro-optical
characteristics in an EOC-LCD according to an embodiment
of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0034] Embodiments of the present invention will become
apparent from a study of the following detailed description
when viewed in light of drawings.

[0035] FIGS. 3A to 3C illustrate a basic driving principle
of an EOC-LCD according to a first embodiment of the
present invention, and FIGS. 4A to 4C illustrate a basic
driving principle of the EOC-LCD according to a second
embodiment of the present invention.

[0036] Referring to FIGS. 3A to 3C and 4A to 4C, a pair
of transparent glass substrates 10 and 20 having alignment
films 90 respectively are formed facing each other. Two
linear electrodes 30 and 40 parallel with each other are
formed on the inner surface of a lower substrate 10 of the
two substrates 10 and 20. The liquid crystal material is
injected between the two glass substrates 10 and 20 to form
a liquid crystal layer 70. The liquid crystal molecules 80 of
the liquid crystal layer 70 are homeotropically aligned and
thus are perpendicular to the two substrates 10 and 20. The
liquid crystal molecules 80 may have a pre-lilt angle with
respect to the two substrates 10 and 20. The two electrodes
30 and 40 may be transparent or opaque conductive material.
Two polarizing plates 50 and 60, which polarize the passing
light, are attached to the outer surfaces of the glass substrates
10 and 20 respectively.
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[0037] Generally, one of the two electrodes 30 and 40 is a
pixel electrode for applying a different data signal to each
pixel unit, and the other is a common electrode for applying
a common signal to the entire pixel units. In addition, each
pixel electrode is connected to a terminal of a switching
device, such as a thin film transistor, formed in each pixel.

[0038] The dielectric anisotropy &€ of the liquid crystal
material of the liquid crystal layer 70 should preferably be
positive, but it may be negative. The liquid crystal material
may be one among nematic liquid crystal, chiral nematic
liquid crystal and nematic liquid crystal having left-handed
or right-handed chiral dopant.

[0039] In addition, one or both alignment films 90 may be
rubbed so that the liquid crystal molecules 80 may be
inclined in a predetermined direction, or none of the align-
ment films 90 may be rubbed. The rubbing may be done in
an arbitrary direction. However, it is preferable to rub the
two alignment films in opposite directions when both of
them are rubbed.

[0040] The transmission axes of the polarizing plates 50
and 60 are parallel with or perpendicular to each other.

[0041] In addition, it is preferable to make the width of the
electrodes 30 and 40 between 1 and 10 um, the distance
between the two electrodes 30 and 40 between 2 and 20 ym,
and the thickness of the liquid crystal layer 70 between 1 and
15 pm.

[0042] 1In FIGS. 3A to 3C, the liquid crystal material is
pure nematic liquid crystal which has dielectric anisotropy.
In FIGS. 4A to 4C, the liquid crystal material is nematic
liquid crystal having chiral dopant and positive anisotropy or
chiral nematic liquid crystal having positive anisotropy.

[0043] Referring to FIGS. 3A and 4A, when the electric
field is not applied, the liquid crystal molecules 80 of the
liquid crystal layer 70 are perpendicular to the two substrates
10 and 20 due to the aligning force of the alignment films 90.

[0044] The light passing through the polarizing plate 50
attached to the lower substrate 10 passes through the liquid
crystal layer 70 without changing its polarization. The same
light also passes through the polarizing plate 60 attached to
the upper substrate 2 if the transmission axes of the two
polarizing plates 50 and 60 are parallel with each other. The
same light is blocked by the polarizing plate 60 of the upper
substrate 20 if the transmission axes of the two polarizing
plates 50 and 60 are perpendicular to each other.

[0045] FIGS. 3B and 4B show states of arrangement of
the liquid crystal molecules 80 when sufficient electric field
is formed, and FIGS. 3C and 4C are ¢levational views
thereof. The electric field at points (“boundary-plane™) equal
distance from cach of the two electrodes 30 and 40 is
substantially parallel with the two substrates 10 and 20 and
is perpendicular to the two electrodes 30 and 40. As the
electric field moves away from the points in question and
moves toward either one of the electrodes 30 and 40, it
curves gradually more downward. That is, the electric field
assumes a downward parabolic shape.

[0046] Here, the long axis of the liquid crystal molecules
80 is to be aligned along the direction of the electric field
since the nematic liquid crystal material has positive dielec-
tric anisotropy. However, the liquid crystal molecules 80
adjacent to the substrates 10 and 20 maintain their original
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state, in which they are aligned perpendicularly to the
substrates 10 and 20 since the aligning force of the align-
ment film 90 is stronger than the force of the electric field.
Accordingly, a liquid crystal director continuously changes
to balance the force of the electric field and the aligning
force when the pure nematic liquid crystal material is used.

[0047] In addition, the liquid crystal material layer has at
least two adjacent regions which is between the two elec-
trodes 30 and 40. The liquid crystal molecules 80 in a region
are aligned in the same direction, and the liquid crystal
molecules 80 in the two regions are aligned symmetrically
with respect to the plane-boundary of the two regions since
the electric field between the two electrodes 30 and 40 has
parabolic shape as a whole. The plane-boundary is at equal
distance from each of the two electrodes 30 and 40 as
described above.

[0048] Accordingly, referring to FIGS. 3B and 3C, a
viewing angle in the direction perpendicular to the two
electrodes 30 and 40 is enlarged since the phase retardation
of the light passing through the liquid crystal layer 70 is
symmetrically compensated. The viewing angle in the direc-
tion parallel to the electrodes 30 and 40 is also enlarged since
the refractive index in the direction of short axes of the
liquid crystal molecules 80 has little variation.

[0049] On the other hand, since the electric field at the
surface equal distance from each of the electrodes 30 and 40
is formed in parallel with the substrates, a discontinuous
boundary-plane, in which the liquid crystal molecules do not
rotate, is formed at the boundary-plane in question since the
force of the electric field is perpendicular to the long axes
liquid crystal molecules 80 aligned perpendicularly to the
substrates.

[0050] Next, as shown in FIGS. 4B and 4C, different
effects results when the chiral nematic liquid crystal or the
nematic liquid crystal having chiral dopant is used instead of
the pure nematic liquid crystal as in FIGS. 3A to 3C. As
before, the discontinuous area, in which the liquid crystal
molecules 80 do not rotate, is also formed on the boundary-
plane equal distance from each of the two electrodes 30 and
40. However, the arrangement of the liquid crystal mol-
ecules 80 in both sides of the discontinuous area is not
completely symmetrical to each other since the long axis of
the liquid crystal molecules 80 is changed by the force
resulting from the electric field and the alignment force as
well as the force resulting from chirality.

[0051] That is, in FIG. 3C, the long axes of the liquid
crystal molecules 80 are aligned perpendicularly to the
electrodes 30 and 40 when viewed from the top: in contrast,
in FIG. 4C, the liquid crystal molecules 80 in both sides of
the discontinuous area may rotate either counterclockwise or
clockwise. In this case, a wide viewing angle is obtained in

both parallel and perpendicular direction with the electrodes
30 and 40.

[0052] In the above state, the polarization of the polarized
light passing through the polarizing plate 50 attached to the
lower substrate 10 rotates according to the twist of the liquid
crystal director as it passes through the liquid crystal layer
70.

[0053] In the above two cases, the polarization can be
rotated by ninety degrees by controlling the dielectric anisot-
ropy, the gap between the two substrates 10 and 20, or the
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pitch of the liquid crystal molecules 80. In this case, if the
transmission axis of the two polarizing plates 50 and 60 are
parallel with each other, the light is blocked out by the
polarizing plate 60 attached to the upper substrate 20. If the
transmission axis of the two polarizing plates 50 and 60 are
perpendicular to each other, the light passes through the
polarizing plate 60 of the upper substrate 20.

[0054] To summarize, the liquid crystal molecules 80 are
arranged symmetrically with respect to the discontinuous
area in the EOC-LCD according to the embodiments of the
present invention. Accordingly, the light transmitted in the
direction of A and the light transmitted in the direction of B
in FIGS. 3B and 4B pass through paths made by the similar
arrangement of the liquid crystal molecules 80. Accordingly,
a wide viewing angle can be obtained since the retardation
with respect to the passing light is formed almost in the same
way.

[0055] The structure and the arrangement of the electrodes
may be varied in various ways in the above type of LCD;
however, it is preferable to form the electrodes as illustrated
in FIGS. 5 and 6. Hereinafter, the structure and the arrange-
ment of the electrodes will be explained in detail.

[0056] Referring to FIGS. 5 and 6, a gate line 100 is
horizontally formed and a data line 200 is formed perpen-
dicularly to the gate line 100 in a pixel. Acommon electrode
line, a first horizontal electrode line 32, is formed in parallel
with the gate line 100 and a pixel electrode, a second
horizontal electrode line 42, is formed in parallel with the
first electrode line 32 in each pixel. A thin film transistor
(TFT) is formed near a crossing point of the gate line 100
and the data line 200. A first terminal of the TFT is connected
to the gate line 100, a second terminal to the data line 300
and a third terminal to the second horizontal electrode line
42,

[0057] In FIG. 5, as mentioned above, first and second
horizontal electrode lines 32 and 42 are horizontally formed
in parallel with each other in each pixel. Given four pixels
as a unit in two pixels in diagonal to each other, e.g., the
upper-right and lower-left pixels, first electrodes 33 and
second electrodes 43 are formed alternatively therein in
parallel to each other. The first and second electrodes 33 and
43 are connected vertically to the first horizontal electrode
line 32 and the second horizontal electrode line 42, respec-
tively.

[0058] In the remaining two pixels, a first vertical elec-
trode line 31 and a second vertical electrode line 41, which
are connected to the first horizontal electrode line 32 and the
second electrode line 42 respectively are formed therein on
the opposite sides. In addition, first electrodes 30 are
extended from the first horizontal electrode line 32 and the
first vertical electrode line 31, and makes a predetermined
angle with the first horizontal electrode line 32 and the first
vertical electrode line 31. Second electrodes 40 extended
from the second horizontal electrode line 42 and the second
vertical electrode line 41 are formed in parallel with the first
electrodes 30, and each of second electrode 40 is arranged
between two first electrodes 30.

[0059] As a result, the first and second electrodes 33 and
43 in a pixel are not parallel with the first and second
electrodes 30 and 40 in the adjacent pixel, and make a
predetermined angle with respect to each other.
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[0060] In FIG. 6, the first and second horizontal electrode
lines 32 and 42 are horizontally formed in parallel with each
other in each pixel. The first and second vertical electrode
lines 31 and 41 are vertically extended from the opposite
ends of the first and the second horizontal electrode lines 32
and 42, respectively. First electrodes 36 consist of first
portions 34 and second portions 35; the first portions 34
extends vertically downward from the first horizontal elec-
trode line 32, and second portions 35 connected to the first
portions 34 are bent towards right. A part of the first vertical
electrode line 31 also serves as the first portions 34 of the
first electrodes 36, and a plurality of branches 37 extended
from the first vertical electrode line 31 are formed in parallel
with the second portion 35.

[0061] Second electrodes 46 consist of first portions 44
and second portions 43; the first portions 44, extended from
the second horizontal electrode line 42 and the second
vertical electrode line 41, are formed between and in parallel
with the second portions 35 of the first electrodes 36; the
second portions 45 extended from the first portions 44 are
formed in parallel with the first portions 34 of the first
electrodes 36. A part of the second vertical electrode line 41
serves also as the second portions 45 of the second electrode
46. That is, the first and second electrodes 36 and 46, which
are in parallel with each other, are bent in each pixel.

[0062] As described above, the long axes of the liquid
crystal molecules are aligned in many directions by forming
the electrode in various directions in a pixel unit or in a
pixel, thereby obtaining a wide viewing angle.

[0063] Hercinafter, the examples of the EOC-LCD
according to embodiments of the present invention are
explained in detail.

EXAMPLE 1

[0064] The nematic liquid crystal having chiral dopant and
the pure nematic liquid crystal were used as the liquid crystal
layer 70, and the resulting viewing angles were measured for
each case.

[0065] The refractive anisotropy £n of the liquid crystal
layer 70 was 0.09, the thickness d of the liquid crystal layer
70 was 4.5 yum, and the alignment films 90 were not rubbed.
In addition, the two electrodes 30 and 40 were horizontally
formed, and the transmission axes of the polarizing plates 50
and 60 attached to the outward surfaces of the two substrates
10 and 20 were formed to have an angle of 90° with respect
to each other. The transmission axis of one polarizing plate
were formed to have an angle of 45° with respect to the two
electrodes 30 and 40, and the transmission axis of the other
polarizing plate were formed to have an angle of 135° with
respect to the two electrodes 30 and 40. The angles have
been measured by setting the right side of the horizontal
direction as zero degree.

[0066] FIG. 7 is a graphical illustration of viewing angles
of the EOC-LCD obtained when nematic liquid crystal
having chiral dopant of 0.1% was used. Viewing angles of
80° in the horizontal direction and 76° in the vertical
direction were measured for a contrast ratio 10.

[0067] FIG. 8 is a graphical illustration of viewing angles
of the EOC-LCD when pure nematic liquid crystal was used.
Viewing angles of 76° in the horizontal direction and in the
vertical direction were measured for a contrast ratio 10.
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[0068] The viewing angle of over 120° was measured in a
diagonal direction for both cases when the contrast ratio was
set to 60.

EXAMPLE 2

[0069] While maintaining the same condition as in
example 1, the alignment films 90 formed on the two
substrates 10 and 20 were rubbed, and the resulting viewing
angles were measured in each case.

[0070] FIG.9is a graphical illustration of a viewing angle
of the EOC-LCD obtained when the alignment film 90
formed on the upper substrate 20 was rubbed in the angle of
135° and when the alignment film 90 formed on the lower
substrate 10 is rubbed in the angle of 315 °.

[0071] FIG. 10 is a graphical illustration of viewing
angles of the EOC-LCD obtained when the alignment film
90 formed on the upper substrate 20 was rubbed in the angle
of 45° and the alignment film 90 formed on the lower
substrate 10 was rubbed in the angle of 225 °.

[0072] As shown in FIGS. 9 and 10, more uniform
viewing angle can be obtained since the difference between
the viewing angles in the horizontal and the vertical direc-
tion and the viewing angle in the diagonal direction can be
reduced by rubbing the alignment films as described above.

EXAMPLE 3

[0073] While maintaining the same condition as in
example 1, the viewing angle was measured by varying the
orientations of the polarizing plates 50 and 60 attached to the
outward surfaces of the two substrates 10 and 20.

[0074] FIG. 11 is a graphical illustration of viewing
angles of the EOC-LCD obtained by arranging the trans-
mission axis of the polarizing plates 60 attached to the
outward surface of the upper substrates 20 to make an angle
of 45° with respect to the direction of the two electrodes 30
and 40, and by arranging the transmission axis of the
polarizing plate 50 attached to the lower substrate 10 to
make an angle of 135° with respect to the direction of the
two electrodes 30 and 40.

[0075] FIG. 12 is a graphical illustration of viewing
angles of the EOC-LCD obtained by arranging the trans-
mission axis of the polarizing plates 60 attached to the upper
substrates 20 to make an angle of 30°, and by arranging the
transmission axis of the polarizing plate 50 attached to the
lower substrate 10 to make an angle of 120 °.

[0076] As described in example 1, the viewing angle of
over 120° was measured in the four directions of the
diagonal line for the contrast ratio 60, and the viewing angle
of 80° was measured in every direction for the contrast ratio
10 in FIG. 11. When comparing the results of FIG. 11 and
FIG. 12, the viewing angle depends on the angle between
the electrodes and the transmission axis of the polarizing
plate. Accordingly, an almost uniform viewing angle can be
obtained in every direction by adjusting the direction of the
electrodes and the direction of the transmission axis of the
polarizing plates in various ways.

EXAMPLE 4

[0077] While maintaining the same conditions as in
example 1, the viewing angle was measured when negative
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uniaxial compensation film 100 were attached to the outer
surfaces of the two substrates 10 and 20 as illustrated in
FIG. 13. The compensation film was used for compensating
the residual phase difference of the retardation.

[0078] As shown in FIG. 14, when the compensation film
100 was not used, the viewing angle of 80° was measured.
FIG. 15 shows the viewing angle measured when the
compensation film 100 having the retardation value of 40
nm was used. FIG. 16 shows the viewing angle measured
when the compensation film 100 having the retardation
value of 80 nm was used. FIG. 17 shows the viewing angle
measured when the compensation film 100 having the
retardation value of 120 nm was used.

[0079] In FIGS. 15 to 17, the viewing angle were
increased to 60° for the contrast ratio 10 when the compen-
sation film 100 was used.

[0080] From the above results, it can be seen that the
viewing angle of over 60° can be obtained in every direction
by optimizing the gap between the two substrates 10 and 20
and the retardation value of the compensation film 100. The
retardation value of the compensation film should preferably
be 30 to 500 nm.

[0081] Although the embodiments of the present invention
uses a negative uniaxial compensation film, a positive
uniaxial compensation film, a biaxial compensation film, a
compensation film having a hybrid structure, or a compen-
sation film having a twisted structure may be used.

[0082] In addition, although the compensation films 100
are attached to the two substrates 10 and 20 in the embodi-
ment of the present invention, it may be attached to only one
substrate.

EXAMPLE 5

[0083] The electric-optical characteristics were measured.
The pure nematic liquid crystal was used as the liquid crystal
layer 70, the alignment films 90 were not rubbed, and the
width of the two electrodes 30 and 40 was 5 um respectively.

[0084] FIG. 18 is a graphical illustration of relation
among the gap between the two substrates, the distance
between the two electrodes and the driving voltage accord-
ing to en embodiment of the present invention.

[0085] Here, V., is the driving voltage for obtaining the
maximum transmittance, T___ is the maximum transmit-
tance, t,, is a response time of the liquid crystal molecules
when power is turned ON, t_g is the response time of the
liquid crystal molecules when power is turned OFF, t, =
t . ttog Vio 1s the driving voltage when the transmittance
has 10% of the maximum value, and V4, is the driving
voltage when the transmittance has 90% of the maximum
value

[0086] In FIG. 18, the driving voltage for obtaining the
maximum transmittance is 6 to 30V when the gap between
the two substrates 10 and 20 is between 3 and 6 ym, and the
distance between the two electrodes 30 and 40 is 8 or 10 um.

[0087] As described above, the driving voltage can be
lowered by properly controlling the distance between the
electrodes and the gap between the two substrates.

[0088] In the EOC-LCD according to embodiments of the
present invention, the two electrodes are formed in one of
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the two substrates, the liquid crystal molecules are aligned
perpendicularly to the electrodes, and the liquid crystal
director is driven by the electric field formed in the shape of
parabola between the two electrodes. Here, the liquid crystal
molecules of the liquid crystal layer on the boundary-plane
equal distance from each of the two electrodes are aligned
symmetrically. Accordingly, the wide viewing angle can be
obtained since the retardation of the light is symmetrically
compensated.

[0089] Other embodiments of the invention will be appar-
ent to the skilled in the art from consideration of the
specification and practice of the invention disclosed herein.
It is intended that the specification and examples be con-
sidered as exemplary only, with the true scope and spirit of
the invention being indicated by the following claims.

What is claimed is:
1. A liquid crystal display, comprising;

a first substrate and a second substrate facing each other;

a liquid crystal material layer injected between the first
and the second substrates and aligned homeotropically;
and

at least two electrodes parallel with each other formed on

either the first or the second substrate.

2. The liquid crystal display of claim 1, wherein the liquid
crystal material layer has positive dielectric anisotropy.

3. The liquid crystal display of claim 2, wherein the liquid
crystal material layer is a material selected from the group
consisting of chiral nematic liquid crystal material, nematic
liquid crystal material and nematic liquid crystal material
having chiral dopant.

4. The liquid crystal display of claim 1, further comprising
polarizing plates attached to surfaces of the first and the
second substrates respectively.

5. The liquid crystal display of claim 4, further comprising
alignment films formed on the first and the second substrates
for aligning liquid crystal molecular axes of the liquid
crystal material layer perpendicularly to the substrates.

6. The liquid crystal display of claim 5, wherein trans-
mission axes of the polarizing plates are perpendicular to or
in parallel with each other.

7. The liquid crystal display of claim 6, wherein the liquid
crystal molecules of the liquid crystal material layer have a
pre-tilt angle.

8. The liquid crystal display of claim 7, wherein the
difference is below 30V between a driving voltage applied
to the electrodes when the light passing through the liquid
crystal material layer and the polarizing plates has the
maximum transmittance and a driving voltage applied to the
electrode when the light passing through the liquid crystal
material layer and the polarizing plates has the minimum
transmittance.

9. The liquid crystal display of claim 1, wherein the
electrodes in the adjacent pixels are directed in different
directions with respect to each other.

10. The liquid crystal display of claim 1, wherein the
electrodes in a pixel unit are bent.

11. The liquid crystal display of claim 1, wherein the
width of the electrodes is between 1 and 10 um.

12. The liquid crystal display of claim 11, wherein the
distance between the electrodes is between 2 and 20 um.
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13. The liquid crystal display of claim 12, wherein the gap
between the first and the second substrates is between 1 and
15 wm.

14. The liquid crystal display of claim 13, wherein the gap
between the first and the second substrates is between 3 and
10 ym.

15. The liquid crystal display of claim 14, wherein the gap
between the first and the second substrates is between 3 and
6 um.

16. The liquid crystal display of claim 13, wherein one or
both of the alignment film is rubbed.

17. The liquid crystal display of claim 4, further com-
prising compensation films inserted between the first or the
second substrate and the polarizing plates.

18. The liquid crystal display of claim 17, wherein the
compensation film has a structure selected from the group
consisting of positive uniaxial, negative uniaxial, biaxial, a
hybrid and a twisted structure.
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19. The liquid crystal display of claim 18, wherein the
retardation value of the compensation film is between 30 and
500 nm.

20. A liquid crystal display, comprising:

a first substrate and a second substrate facing each other;

a liquid crystal material layer injected between the first
and the second substrates and initially aligned homeo-
tropically;

means for varying directions of long axes of molecules of
the liquid crystal material layer, wherein the liquid
crystal material layer has at least two adjacent regions,
the molecules in any one region of the adjacent regions
are aligned in the same direction, and the molecules in
the two regions are aligned symmetrically with respect
to the plane-boundary of the two regions.

® 0k Ok kK
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