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(57) ABSTRACT

Two electrodes parallel to each other are formed on one of two
substrates, homeotropic alighment films are formed on the
substrates and a liquid crystal material having positive dielec-
tric anisotropy is injected between the substrates. When a
voltage is applied to the two electrodes, a parabolic electric
field between the electrodes drives the liquid crystal mol-
ecules. Since the generated electric field is symmetrical with
respect to the boundary-plane equal distance from each of the
two electrodes, the liquid crystal molecules are symmetri-
cally aligned with respect to the boundary-plane, and the
optical characteristic is compensated in both regions divided
by the boundary-plane, thereby obtaining a wide viewing
angle. The electric field does not exert influences on the liquid
crystal molecules on the boundary-plane since the electric
field on the boundary-plane is parallel to the substrates and
perpendicular to the two electrodes and thus, it is perpendicu-
lar 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. The alignment direction of the liquid crystal mol-
ecules is changed in both regions of a bent portion of the
electrodes by forming the electrodes in the saw shape in a
pixel or in by pixel, and the retardation of the light is com-
pensated, thereby obtaining a wider viewing angle.

11 Claims, 12 Drawing Sheets
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LIQUID CRYSTAL DISPLAY

CROSS REFERENCES TO RELATED
APPLICATIONS

This application is a continuation of application Ser. No.
10/724,703, filed on 2 Dec. 2003, now U.S. Pat. No. 6,876,
419 which is a continuation of application Ser. No. 08/971,
674, filed on 17 Nov. 1997, now U.S. Pat. No. 6,704,083
which is hereby incorporated by reference in its entirety for
all purposes as if fully set forth herein, and which in turn is a
continuation-in-part of application Ser. No. 08/891,499, filed
on 11 Jul. 1997 now U.S. Pat. No. 6,181,402. This application
also claims priority under U.S.C. §119 from: Korean Patent
Application No. 97-22308, filed on 30 May 1997; Korean
Patent Application No. 97-26861, filed on 24 Jun. 1997; and
Korean Patent Application No. 97-51338, filed on 7 Oct.
1997.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a liquid crystal display
having a wide viewing angle.

(b) Description of the Related Art

Generally, a conventional liquid crystal display (LCD)
includes two substrates having electrodes and liquid crystal
injected therebetween. The voltage difference between the
electrodes yields an electric field, and the molecules of the
liquid crystal are re-arranged by the electric field. The polar-
ization of incident light is varies due to the re-arrangement of
the liquid crystal molecules.

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

FIGS. 1A and 1B are sectional views of a conventional
twisted-nematic liquid crystal display (TN-LCD). The TN-
LCD in FIG. 1A includes 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 substrates 1 and 2, and polarizing
plates 5 and 6 for polarizing the light are attached to the outer
surfaces of the glass substrates 1 and 2 respectively.

The electrode 3 of the lower substrate 1 is a pixel electrode,
the electrode 4 of the upper substrate 2 is a common electrode,
and dielectric anisotropy AE of the liquid crystal layer 7 is
positive.

In the absence of an electric field, the long axes of the liquid
crystal molecules 8 of the liquid crystal layer 7 are parallel to
the substrates 1 and 2, and the liquid crystal molecules 8 are
twisted spirally from one substrate to the other substrate.

When a power V is connected to the electrodes 3 and 4, and
a sufficient electric field is applied to the liquid crystal layer 7
in the direction of the arrow as illustrated in FIG. 1B, the long
axes of the liquid crystal molecules 8 are parallel to the
direction of the electric field. This type of TN-LCD unfortu-
nately results in having a narrow viewing angle.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a liquid
crystal display (LCD) having a wide viewing angle to sub-
stantially obviate the problems associated with the related art.

An LCD according to embodiments of the present inven-
tion includes a liquid crystal material between first and sec-
ond substrates, and the liquid crystal molecules are perpen-

10

15

20

25

30

35

40

45

50

55

60

65

2

dicular to the two substrates. First and second electrodes are
formed on one of the two substrates and substantially parallel
to each other.

Alignment films for aligning molecular axes of the liquid
crystal molecules to be perpendicular to the substrates may be
formed on the first and/or the second substrates, and the
alignment films may be or may not be rubbed.

In addition, the LCD of the present invention may further
include polarizing plates, and the polarizing directions of the
polarizing plates are either parallel or perpendicular to each
other.

Here, the dielectric anisotropy of the liquid crystal material
may be positive or negative, and the liquid crystal may be at
least one among pure nematic liquid crystal, chiral nematic
liquid crystal and nematic liquid crystal having chiral
dopants.

When voltage is applied to the 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 re-arranged in response to the electric field.

The liquid crystal display described above is called an
electrically-induced optical compensation liquid crystal dis-
play (EOC-LCD) hereinafter.

In the EOC-LCD according to the embodiments of the
present invention, the liquid crystal molecules are symmetri-
cally aligned to the surface which is equal distance from each
of the electrodes. Accordingly, the phase retardation of the
transmitted light is symmetrically compensated, thereby
obtaining a wide viewing angle.

The electrodes are preferably bent to form a saw shape ina
pixel or by pixel in order to vary the orientations of the liquid
crystal molecules.

When using the cross polarizing plates, it is preferable that
the polarizing directions of the polarizing plates are neither
parallel nor perpendicular to the directions of the electrodes.
It is more preferable that the angle between the polarizing
directions of the polarizing plates and the electrodes is 45
degrees.

The bent angle of the electrodes may be between zero and
180 degrees, but it is most preferable that the bent angle of the
electrodes is 90 degrees.

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 advantages of the
invention will be realized and attained by means of the ele-
ments and combinations particularly pointed out in the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, illustrate embodiments of
the present invention and, together with the description, serve
to explain the principles of the invention.

FIGS. 1A and 1B are sectional views of a conventional
TN-LCD;

FIGS. 2A to 2C and 3A to 3C illustrate basic driving
principles of EOC-LCDs according to a first and a second
embodiment of the present invention;

FIGS. 4 to 9 show the shapes of electrodes in the EOC-
LCDs according to the embodiments of the present invention;

FIG. 10 shows the arrangement of the liquid crystal mol-
ecules at (a) portion in FIG. 9;

FIG. 11 is an exploded perspective view of an LCD accord-
ing to the embodiment of the present invention; and
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FIGS. 12A to 12B illustrate a basic driving principle of an
EIMD-LCD (electrical induced multi domain mode-LCD)
according to the embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will become appar-
ent from a study of the following detailed description when
viewed in light of drawings.

FIGS. 2A to 2C and 3A to 3C illustrate basic driving
principles of EOC-LCDs according to a first and a second
embodiment of the present invention.

Referring to FIGS. 2 to 2C and 3A to 3C, a pair of trans-
parent glass substrates 10 and 20 respectively having align-
ment films 90 are facing each other. Two linear electrodes 30
and 40 parallel to each other are formed on the inner surface
of the lower substrate 10 of the substrates 10 and 20. The
liquid crystal layer 70 is injected between the substrates 10
and 20. The liquid crystal molecules 80 of the liquid crystal
layer 70 are homeotropically aligned. and thus they are per-
pendicular to the substrates 10 and 20. The liquid crystal
molecules 80 may have a pre-tilt angle with respect to the
substrates 10 and 20. The electrodes 30 and 40 may be trans-
parent or opaque conductive material. Two polarizing plates
50 and 60, which polarize the incident light, are attached to
the outer surfaces of the glass substrates 10 and 20 respec-
tively.

One of the two electrodes 30 and 40 is a pixel electrode for
receiving data signals, and the other is a common electrode
for receiving a common signal. Each pixel electrode is con-
nected to a terminal of a switching device, such as a thin film
transistor, formed in each pixel.

Although the dielectric anisotropy AE of the liquid crystal
layer 70 may preferably be positive, it may be negative. The
liquid crystal material may be at least one among nematic
liquid crystal, chiral nematic liquid crystal and nematic liquid
crystal having left-handed or right-handed chiral dopants.

Either or both alignment films 90 may be rubbed so that the
liquid crystal molecules 80 may be tilted in a predetermined
direction in the presence of an electric field. However, none of
the alignment films 90 may be rubbed. The rubbing direction
is arbitrary and, however, it is preferable to rub the two align-
ment films in opposite directions when both of them are
rubbed.

The polarizing directions of the polarizing plates 50 and 60
are either parallel to or perpendicular to each other.

It is preferable that the width of the electrodes 30 and 40
lies between 1 and 10 pm, that the distance between the two
electrodes 30 and 40 lies between 2 and 20 pum, and that the
thickness of the liquid crystal layer 70 is in the range between
1 and 15 pm.

In FIGS. 2A to 2C, the liquid crystal material is pure
nematic liquid crystal which has positive dielectric anisot-
ropy, and the alignment layers 90 are not rubbed or they are
rubbed in a direction perpendicular to the electrodes 30 and
40. In FIGS. 3A to 3C, the liquid crystal material is either
nematic liquid crystal having chiral dopants and positive
anisotropy or chiral nematic liquid crystal having positive
anisotropy. Even though the liquid crystal material is a pure
nematic liquid crystal, in case that the alignment layers are
rubbed in a direction which is not perpendicular to the elec-
trodes 30 and 40, the arrangement of the liquid crystal mol-
ecules 80 is similar to that in FIGS. 36 and 3C.

AsshowninFIGS. 2A and 3A, in the absence of the electric
field, the liquid crystal molecules 80 ofthe liquid crystal layer
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4

70 are perpendicular to the substrates 10 and 20 due to the
aligning force of the alignment films 90.

The light passing though the polarizing plate or polarizer
50 attached to the lower substrate 10 passes through the liquid
crystal layer 70 without changing its polarization. The light
passes through the polarizing plate or analyzer 60 attached to
the upper substrate 2 if the polarizing directions of the polar-
izer 50 and the analyzer 60 are parallel to each other. How-
ever, the light is blocked by the analyzer 60 if the polarizing
directions of the polarizer 50 and the analyzer 60 are perpen-
dicular to each other.

FIGS. 2B and 3B show arrangements of the liquid crystal
molecules 80 when sufficient electric field is applied, and
FIGS. 3C and 4C are elevational views thereof. The electric
field at a boundary-plane C-C consisting of the points equal
distance from each of the two electrodes 30 and 40 is sub-
stantially parallel to the two substrates 10 and 20 and is
perpendicular to the two electrodes 30 and 40. As the electric
field moves away from the boundary plane and moves toward
of the electrodes 30 and 40, it curves gradually more down-
ward. Thatis, the electric field assumes a downward parabolic
shape. However, the horizontal component of the electric
field is perpendicular to the electrodes 30 and 40.

The long axes of the liquid crystal molecules 80 is to be
aligned along the direction of the electric field since the liquid
crystal material has positive dielectric anisotropy. However,
the liquid crystal molecules 80 adjacent to the substrates 10
and 20 maintain their original orientation, in which they are
aligned perpendicular to the substrates 10 and 20, since the
aligning force of the alignment film 90 is stronger than the
force due to the electric field. Accordingly, the liquid crystal
molecules change their tilt angles to balance the force of the
electric field and the aligning force when the pure nematic
liquid crystal material is used.

In addition, the liquid crystal layer 70 between the two
electrodes 30 and 40 has at least two adjacent regions divided
by the boundary plane C-C. 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 symmetri-
cally with respect to the boundary pane C-C since the electric
field between the two electrodes 30 and 40 has the parabolic
shape as a whole having an apex on the boundary plane C-C.

Accordingly, as shown in FIGS. 2B and 2C, a viewing
angle in the direction perpendicular to the electrodes 30 and
40 is enlarged since the phase retardation of the light passing
through the liquid crystal layer 70 is symmetrically compen-
sated. The viewing angle in the direction parallel to the elec-
trodes 30 and 40 is also enlarged since the reactive index in the
direction of short axes of the liquid crystal molecules 80 has
little variation.

On the other hand, since the electric field at the boundary
plane C-C is formed parallel to the substrates 10 and 20, and
thus perpendicular to the long axes of the liquid crystal mol-
ecules 80, the liquid crystal molecules 80 on the boundary-
plane do not rotate.

Next, as shown in FIGS. 3B and 3C, the behaviors of the
liquid crystal molecules becomes different when the chiral
nematic liquid crystal or the nematic liquid crystal having
chiral dopant is used instead of the pure nematic liquid crys-
tal. As those in FIGS. 2B and 2C, the liquid crystal molecules
80 on the boundary plane C-C do not rotate. However, the
arrangement of the liquid crystal molecules 80 in both sides of
the boundary plane C-C is not completely symmetrical to
each other since the long axes of the liquid crystal molecules
80 are changed by the force resulting from chirality as well as
the force resulting from the electric field and the alignment
force.
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That is, in FIG. 2C, the long axes of the liquid crystal
molecules 80 are aligned perpendicularly to the electrodes 30
and 40 when viewed from the top, but, in FIG. 3C, the liquid
crystal molecules 80 in both sides of the boundary plane C-C
may be twisted either counterclockwise or clockwise with
respect to the adjacent molecules. Accordingly, the wide
viewing angle is obtained in both parallel and perpendicular
directions to the electrodes 30 and 40.

In the above state, the polarization of the polarized light
passing through the polarizer 50 varies according to the twist
and tilt of the liquid crystal molecules as the light passes
through the liquid crystal layer 70. Then, a component of the
light having a polarization parallel to the analyzer passes
through the analyzer 60.

In the above two cases, the polarization can be rotated by
ninety degrees by controlling the dielectric anisotropy, the
gap between the two substrates 10 and 20, or the pitch of the
liquid crystal molecules 80. In this case, if the polarizing
directions of the polarizer 50 and the analyzer 60 are parallel
to each other, the light is blocked out by the analyzer 60. If the
polarizing directions of the polarizer 50 and the analyzer 60
are perpendicular to each other, the light passes through the
analyzer 60.

To summarize, the liquid crystal molecules 80 are arranged
symmetrically with respect to the boundary plane C-C 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. 2B
and 3B pass through paths made by the similar arrangement
of the liquid crystal molecules 80. Accordingly, the wide
viewing angle can be obtained since the retardation with
respect to the passing light is formed almost in the same way.

The structure and the arrangement of the electrodes may be
varied in various ways in the above type of LCD, and, how-
ever, it is preferable to form the electrodes having a saw shape
in a pixel or by pixel as illustrated in FIGS. 4 and 9, whereby
a very good display characteristic can be obtained. Hereinaf-
ter, the structure and the arrangement of the electrodes in
rectangular pixels will be explained in detail.

As shown in FIGS. 4 and 5, a first electrode line 32, which
is a common electrode line, and a second electrode line 42,
which is a pixel electrode line, are parallel to each other in
each pixel.

In the embodiment of the present invention illustrated in
FIG. 4, the first and the second electrode lines 32 and 42
facing each other in each pixel are extended in alternate
directions along the rows of the pixels, for example, the first
in the transverse direction, the second in the longitudinal
direction, the third in the transverse direction, and so on. On
the contrary, the electrode lines 32 and 42 are extended in the
same direction along the columns of the pixels. First and
second electrodes 33 and 43 parallel to each other are
arranged alternately, and extended from the first and the sec-
ond electrode lines 32 and 42 respectively.

In the embodiment of the present invention illustrated in
FIG. 5, the first and the second electrode lines 32 and 42
facing each other in parallel are extended in alternate direc-
tions along both the rows and the columns of the pixels, and
thus electrode lines in all pixels adjacent to a pixel having a
transverse electrode line are extended in the longitudinal
direction.
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In the embodiments of the present invention illustrated in
FIGS. 6 and 7, the first electrode and the second electrode are
extended diagonally in each pixel.

As illustrated in FIGS. 6 and 7, the first electrode lines 32,
have the shape of either

¢ ) or ¢ )

which is made by extending the electrode lines to the trans-
verse and the longitudinal directions from one peak in the
pixels. The second electrode lines 42 have the shape of either

or

which is made by extending electrode lines to the transverse
and the longitudinal directions from another vertex facing the
above mentioned vertex diagonally. The first and the second
electrodes 32 and 33 have a rotational symmetry with respect
to a diagonal of a pixel.

The first electrodes 33 and the second electrodes 43 paral-
lel to each other are extended from the first electrode line 32
and the second electrode line 42 in directions making angles
with the electrode lines 32 and 33, and they are arranged
alternately. In the embodiment of the present invention illus-
trated in FIG. 6, the electrodes 33 and 43 in a pixel makes an
angle with the electrodes 33 and 34 in the adjacent pixels
along the rows of the pixels, and the first electrode 33 and the
second electrode 43 in the same column are extended in the
same direction. On the other hand, in the embodiment of the
present invention illustrated in FIG. 7, the electrodes 33 and
43 in a pixel makes an angle with those in the adjacent pixels
along both the rows and the columns of the pixel.

In the embodiment of the present invention as illustrated in
FIG. 8, the pixels have parallelogram shapes.

As illustrated in FIG. 8, first electrode lines 32, which are
the common electrode lines, and second electrode lines 42,
which are the pixel electrode lines, are parallel to each other
and extended in the transverse direction. The first electrodes
33 and the second electrodes 43, connected respectively to the
first and the second electrode lines 42 and 43 are arranged
alternately and parallel to each other, and their extending
directions are neither the transverse direction nor the longi-
tudinal direction. The lengths of the electrodes are the same,
and thus the pixels have parallelogram shapes. The electrodes
33 and 43 in a row are extended in the same direction, and,
however, the electrodes 33 and 43 in adjacent rows are
extended in the different directions. For example, as shown in
FIG. 8, the electrodes 33 and 43 in the first row are slanted to
the right with respect to the directions perpendicular to the
electrode lines 32 and 42, but those in the second row are
slanted to the left. Accordingly, the first electrode 33 and the
second electrode 43 form a saw shape along the rows of the
pixel.

In the embodiment of the present invention as illustrated in
FIG. 9, the pixel itself has the saw shape.

As illustrated in FIG. 9, each pixel has the saw shape, a
central portion of the pixel being bent. A first electrode line
32, which is the common electrode, and a second electrode
line 42, which is the pixel electrode, are formed parallel to
each other in each pixel, and they face each other.
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The first electrodes 33 and the second electrodes 43 con-
nected respectively to the first electrode line 32 and the sec-
ond electrode line 42 are alternately arranged and they are
parallel to each other. The first electrodes 33 and the second
electrodes 43 have the saw shape, the central portion in the
pixel being bent.

FIG. 10 is an enlarged view of a bent portion (a) of the
electrodes in FIG. 8.

The liquid crystal molecules 80 are driven by the electric
field having a parabolic shape when voltage is applied to the
first electrode 33 and the second electrode 43. As shown in
FIG. 10, a projection of the liquid crystal molecules 80 onto
the substrate is perpendicular to the electrodes 33 and 34, and
the liquid crystal molecules 80 rise upward in the head of an
arrow in FIG. 10. Accordingly, the arrangement of the liquid
crystal molecules 80 is symmetrical with respect to the
boundary plane C-C. Two pairs of two regions, which are
symmetrically aligned on the basis of the boundary plane C-C
at both sides of the bent portion, are formed since the elec-
trodes 33 and 43 are bent in the saw shape. Therefore, the
LCD has four regions, in which alignments of the liquid
crystal molecules 80 are different from one another.

The polarizing directions of the polarizing plates 50 and 60
may be any directions, but is preferable that they are neither
parallel to nor perpendicular to a part of the first and the
second electrodes 33 and 43. In particular, the display char-
acteristic is the best when the angle formed by the polarizing
directions of the polarizing plates 50 and 60 and the elec-
trodes 33 and 43 is 45 degrees.

The bent angle of the first and the second electrodes 33 and
43 having the saw shape may be within a range between 0 to
180 degrees, and itis related to the polarizing directions of the
polarizing plates 50 and 60. The bent angle of the electrodes
33 and 43 is 90 degrees when the angle formed by the polar-
izing directions of the polarizing plates 50 and 60 and the
electrodes 33 and 43.

In order to compensate residual phase difference due to the
retardation of light, a phase difference compensation film
may be attached to the outside of the .CD in accordance with
the embodiments of the present invention.

FIG. 11 1s an exploded perspective view of an LCD accord-
ing to the embodiment of the present invention, to which
compensation films are attached.

As illustrated in FIG. 11, compensation films 110 are
attached between a liquid crystal cell 100 and polarizing
plates 50 and 60. The LCD in FIG. 11 has two sheets of the
compensation films 110, each being attached between each
side of the liquid crystal cell 100 and each polarizing plate 50
or 60 respectively. However, the LCD may have only a com-
pensation film 110 being attached between either of the two
sides of the liquid crystal cell and either of the polarizing
plates 50 and 60, and the LCD may have at least three sheets
of compensation films. A uniaxial or a biaxial compensation
film may be used as the compensation film, and acombination
of the uniaxial compensation film and the biaxial compensa-
tion film may be used.

The electrodes 33 and 43 having the saw shape illustrated
in FIGS. 4 to 9 may be adapted to the LCDs of another mode
in which the liquid crystal material is driven by the two
electrodes parallel to each other. For example, it can be
adapted to an in-plane switching (IPS) mode or an electrical
induced multi domain (EIMD) mode.
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Hereinafter, the IPS-L.CD and EIMD-LCD are explained
in detail.

In the TPS-LCD, the two electrodes, being parallel to each
other, are formed on one substrate as the EOC-LCD. Here, the
dielectric anisotropy A € of the liquid crystal material may be
positive or negative.

In the absence of the electric field, the long axes of the
liquid crystal molecules are parallel to the substrates 10 and
20, and are aligned in the direction being parallel to or making
a predetermined angle with the electrodes 33 and 43. When
sufficient electric field is applied to the liquid crystal material,
the electric field, which is substantially parallel to the sub-
strate, is generated, whereby the long axes of the liquid crystal
molecules 80 in the central portion of the liquid crystal layer
are aligned substantially parallel to the electric field. How-
ever, the liquid crystal molecules 80, which are positioned
from the substrates 10 and 20 to the central potion of the
liquid crystal layer, are spirally twisted since theliquid crystal
molecules 80 around the substrates 10 and 20 keep their
original orientations by an aligning force.

In the EIMD-LCD, a plurality of first electrodes and sec-
ond electrodes, being parallel to each other, are formed alter-
nately on each substrate.

FIGS. 12A and 12B are schematic views of a principle of
the EIMD-LCD according to the embodiment of the present
invention.

As illustrated in FIGS. 12A and 12B, a pair of transparent
glass substrates 10 and 20, on which alignment films 90 are
formed respectively, face each other in a parallel manner. A
first linear electrode 30 and a second linear electrode 40
parallel to each other are formed respectively on the inner
surface of the substrates 10 and 20, and they are arranged
alternately. The liquid crystal material is injected between the
two glass substrates 10 and 20, thereby forming a liquid
crystal layer 70, and the liquid crystal molecules 80 in the
liquid crystal layer 70 are aligned perpendicularly to the two
substrates 10 and 20. In addition, the polarizing plates 50 and
60 are attached to outsides of the two substrates 10 and 20
respectively.

It is preferable that the dielectric anisotropy A€ of the
liquid crystal material of the liquid crystal layer 70 is positive,
however, the dielectric anisotropy A€ may be negative.

As illustrated in FIG. 12A, in the absence of the electric
field, the liquid crystal molecules 80 in the liquid crystal layer
70 is aligned perpendicularly to the two substrates 10 and 20
by the aligning force of the alignment film 90.

FIGS. 12A and 12B are views of the EIMD-LCD when a
sufficient electric field is present in the LCD. The electric field
having the inclination angle with respect to the direction
perpendicular to the two substrates 10 and 20 is formed by the
first and the second electrodes 30 and 40 when the sufficient
electric field is present in the LCD. This electric field is
formed symmetrically with respect to a plane which is per-
pendicular to the two substrates 30 and 40 and passes through
the two electrodes 30 and 40. In case of a nematic liquid
crystal material having positive dielectric anisotropy, the long
axes of the liquid crystal molecules 80 is aligned along the
direction of the electric field due to the electric field having
the above-mentioned inclination direction.

In the above-mentioned IPS-L.CD and EIMD-EOC like-
wise the EOC-LCD, the electrodes 30 and 40 are formed in
the saw shape and the retardation of the light is compensated
by the regions in which the inclination directions of the liquid
crystal molecules are different from each other, thereby
obtaining the wide viewing angle.

In the liquid crystal display according to the preferred
embodiment of the present invention, the two electrodes are
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formed in the two substrates, the liquid crystal molecules are
aligned perpendicularly, and a liquid crystal director is driven
by the electric field in the shape of parabola between the two
electrodes. Here, the liquid crystal molecules of the liquid
crystal layer in both sides of the boundary plane surface are
symmetrically formed. Accordingly, the retardation of the
projected light is symmetrically compensated, thereby
obtaining the wide viewing angle. In addition, a wider view-
ing angle may be obtained since four regions of which the
alignment directions of the liquid crystal molecules are dif-
ferent from one another by forming the electrodes in the saw
shape.

Other embodiments of the invention will be apparent 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 considered 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 having a plurality of pixels,
comprising:

a first substrate having a plurality of pixel regions;

a second substrate facing the first substrate;

polarizing plates attached to outer surfaces of the first and
second substrates respectively;

a liquid crystal material injected into the gap between the
first and second substrates, molecules of the liquid crys-
tal material being initially aligned perpendicularly to the
substrates;

wherein each pixel region is divided into a plurality of
domains, the domains being distinguished by an average
alignment direction of liquid crystal molecules included
therein when an electric field is applied to the liquid
crystal material,

wherein the polarizing directions of the polarizing plates
are neither parallel nor perpendicular to at least one of
the average alignment directions of the liquid crystal
molecules of the domains, and
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wherein each of the pixel regions includes first and second
electrodes for generating electric fields, each of the first
and second electrodes having a saw shape for forming
domains.

2. The liquid crystal display of claim 1, wherein the first
substrate includes a plurality of pixel electrodes and the sec-
ond substrate includes a common electrode.

3. The liquid crystal display of claim 2, wherein molecules
of the liquid crystal material have negative dielectric charac-
teristics.

4. The liquid crystal display of claim 1, wherein the pixel
electrode includes at least one electrode line and a plurality of
electrode fingers extending from the electrode line.

5. The liquid crystal display of claim 1, wherein the first
and second electrodes are along rows of the pixel regions.

6. Theliquid crystal display ofclaim 5, wherein voltages of
the first and second electrodes are at different levels from each
other.

7. The liquid crystal display of claim 6, wherein each of the
pixel regions has four domains.

8. The liquid crystal display of claim 1, wherein each of the
pixel regions is defined by a closed shape having at least four
peripheral boundaries, wherein at least two of the peripheral
boundaries meet each other to define an acute interior angle of
the closed shape.

9. The liquid crystal display of claim 1, wherein each of the
pixel regions is defined by a closed shape having at least four
peripheral boundaries, wherein at least two of the peripheral
boundaries meet each other to define an acute interior angle of
the closed shape, and at least two peripheral boundaries meet
each other to define an obtuse interior angle of the closed
shape.

10. The liquid crystal display of claim 1, wherein each
pixel region has a shape of a non-rectangular polygon.

11. The liquid crystal display of claim 1, wherein each
pixel region has a shape of a chevron.
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