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(7 ABSTRACT

Disclosed is an LCD having liquid crystal molecules that lie
at a predetermined direction around a valley formed in an
upper substrate of the LCD in order to prevent creation of an
unadjustable disclination line. The LCD comprises an upper
substrate, a lower substrate and a plurality of slits formed in
a pixel region of the lower substrate. Each of the slits has a
minute distance to the adjacent one of the slits. A valley is
formed in a color filter of the upper substrate covered with
a transparent electrode, and has a predetermined angle with
respect to the slits. Vertical alignment material is formed in
opposite faces of the upper and lower substrates. A liquid
crystal layer is injected between the upper and lower sub-
strates. Polarizers are arranged in outer faces of the upper
and lower substrates, and have transmission axes, which are
perpendicular to each other.
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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 (LCD), and more particularly to an LCD which has
slits formed on a transparent electrode in a pixel region of a
lower substrate at a minute gap and a valley formed in a
color filter of an upper substrate at a predetermined angle
with respect to the slits in order to minimize creation of a
disclination line.

[0003]

[0004] In general, an LCD comprises upper and lower
substrates and a liquid crystal layer injected between the
upper and lower substrates, in which light transmission is
adjusted by adjusting the intensity of an electric field-
applied to the liquid crystal layer.

[0005] Many LC alignments are used to make LC Display.
One of these alignments is the vertical alignment of liquid
crystal. In order to improve the viewing angle characteris-
tics, this vertical alignment structure needs several domains
that align LCs in different directions. Therefore, this struc-
ture is used with slits or protrusions.

[0006] However, the above vertical alignment structure, in
which slits or protrusions must be formed in the upper or
lower substrate, has a problem in that it requires more masks
than a structure according to the Twisted Nematic (TN)
technique.

[0007] Accordingly, in order to overcome the problem
described above, a valley is formed on a color filter portion
of the upper substrate to be used in driving liquid crystal in
a recently utilized method.

[0008] Where a valley 42 is formed in a color filter of the
upper substrate as above, however, the electric field is
oriented in opposite to the orientation of liquid crystal
molecules 10 so that the liquid crystal molecules 10 are
oriented parallel with the valley 42 instead of being oriented
perpendicular to the valley 42.

2. Description of the Prior Art

[0009] Further, since the liquid crystal molecules 10 are
oriented parallel with the valley 42 in the above situation,
the liquid crystal molecules 10 may lie along two random
directions, thereby potentially creating an unadjustable dis-
clination line 50 in a middle portion of the liquid crystal
molecules aligned in both directions.

SUMMARY OF THE INVENTION

[0010] Accordingly, the present invention has been made
to solve the above-mentioned problems occurring in the
prior art, and an object of the present invention is to provide
an LCD having liquid crystal molecules that lie at a prede-
termined direction around a valley formed in an upper
substrate of the LCD in order to prevent creation of an
unadjustable disclination line.

[0011] In order to accomplish this object, there is provided
a liquid crystal display comprising: an upper substrate; a
lower substrate; a plurality of slits formed in a pixel region
of the lower substrate, each of the slits having a minute gap
from adjacent one of the slits; a valley formed in a color filter
of the upper substrate covered with a transparent electrode,
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and having a predetermined angle with respect to the slits;
vertical alignment material formed in opposite faces of the
upper and lower substrates; a liquid crystal layer injected
between the upper and lower substrates; and polarizers
arranged in outer faces of the upper and lower substrates,
and having transmission axes which are perpendicular to
each other.

[0012] In the liquid crystal display, the slits formed in the
lower substrate are arranged with respect to the valley
formed in the upper plate at an angle of about 0 to 90
degrees, and preferably, about O to 45 degrees. The slits
formed in the lower substrate have a width within about 5
um, and the valley formed in the upper substrate has a width
of about 5 to 20 um.

[0013] In the liquid crystal display, the slits formed in the
lower substrate and the valley formed in the upper substrate
are arranged preferably in a zigzag or crossed configuration
to define multiple domains.

[0014] The liquid crystal display of the invention may
further comprise uniaxial or biaxial phase compensation
plates between the lower substrate and one of the polarizers
and between the upper substrate and the other one of the
polarizers, wherein the uniaxial phase compensation plate
has an Rth value ranging from about 40 to 800 nm, and the
biaxial phase compensation plate has an Rth value ranging
from about 40 to 800 nm.

[0015] In the liquid crystal display, the liquid crystal layer
has a thickness of about 2 to 6 um, multiplication of the
liquid crystal layer thickness and index of refraction anisot-
ropy has a value of about 200 to 500 nm, and the liquid
crystal has negative dielectric anisotropy ranging from about
-2 to -10.

[0016] In the liquid crystal display, one of the polarizers
arranged in the outer faces of the upper and lower substrates
has an angle of about 0 to 90 preferably about 30 to 60
degrees with respect to the slits or the valley.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The above and other objects, features and advan-
tages of the present invention will be more apparent from the
following detailed description taken in conjunction with the
accompanying drawings, in which:

[0018] FIG. 1 is a plan view of a lower substrate and a
bottom view of an upper substrate for showing the orienta-
tion of liquid crystal molecules in a conventional LCD;

[0019] FIG. 2 is a bottom view for showing the orientation
of liquid crystal molecules in an upper substrate having a
valley structure in a conventional LCD in a case of discli-
nation;

[0020] FIG. 3 is a schematic plan view for showing the
orientation of liquid crystal molecules in an LCD according
to a preferred embodiment of the invention,

[0021] FIG. 4 is a schematic plan view for showing the
orientation of liquid crystal molecules where the LCD of the
invention comprises multiple domains; and

[0022] FIG. 5 is a schematic plan view for showing the
orientation of liquid crystal molecules according to another
embodiment of the invention for multi-domain.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0023] The following detailed description will present
preferred embodiments of a Liquid Crystal Display (LCD)
according to the invention with reference to the accompa-
nying drawings.

[0024] FIG. 3 is a schematic plan view for showing the
orientation of liquid crystal molecules in an LCD according
to a preferred embodiment of the invention. The LCD of the
invention is devised using the fact that liquid crystal or
liquid crystal molecules 10 lie parallel to slits 22 instead of
lying perpendicular to the slits 22, where the slits 22 are
formed with a comb shape, which has narrow distances
between electrodes. The electrode is made of transparent
conductive material such as Indium Tin Oxide (ITO). These
electrodes with combs shape of narrow distances makes LCs
parallel to slits instead of perpendicular to slits because of
strong LCs interation relative to the electric field.

[0025] The LCD of the invention has polarizers arranged
over a light source and a liquid crystal panel interposed
between the polarizers. A plurality of slits 22 are formed in
a pixel region of a lower substrate 20 of the liquid crystal
panel, in which adjacent ones of the slits 22 have a minute
distance, preferably of about 5 um or less, and the width of
the slits 22 is about 5 um or less.

[0026] An upper substrate or a color filter of the liquid
crystal panel is provided with a valley 42, which is oriented
at a predetermined angle with respect to the slits 22 in the
lower substrate 20.

[0027] The slits 22 in the lower substrate 20 are oriented
at about 0 to 90 degrees, preferably about 45 degrees or less,
with respect to the valley 42 in the upper substrate so that the

liquid crystal molecules 10 can be stably laid along the slits
22.

[0028] Transparent electrodes are formed before or after
the valley 42 is formed in the upper substrate so as to apply
a desired value of voltage between the upper substrate and
the lower substrate 20. The width of the valley 42 in the
upper substrate is formed as small as possible in order to
minimize transmissivity. The width has a value of about 3 to
20 um so as to obtain a predetermined space for allowing
movement to the liquid crystal molecules 10.

[0029] In fabrication of the liquid crystal panel, vertical
alignment material, that is, material such as Polyimide (P/T)
for enabling vertical alignment is coated on opposite faces of
the upper and lower substrates, in which rubbing may be
omitted, and the upper and lower substrates are bonded
together via sealant. Then, the liquid crystal molecules 10
are injected into the liquid crystal panel to form a liquid
crystal layer. The liquid crystal molecules 10 of the liquid
crystal layer have negative dielectric anisotropy in a range of
about -2 to -10.

[0030] The liquid crystal molecules 10 may be doped with
dopant having a pitch of about 8 to 50 um.

[0031] The polarizers attached on outer faces of the upper
substrate have transmission axes that are perpendicular to
each other. One of the polarizers is arranged to an angle of
about 30 to 60 degrees with respect to the valley 42 in the
upper substrate or the slits 22 in the lower substrate 20.
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[0032] Further, phase compensation plates are selectively
placed between the liquid crystal panel and the polarizers. In
order to improve image quality, the phase compensation
plates have retardation values with respect to x, y and z axes
which satisfy the following Equation 1:

Rih=|(nx+ny)/2-nz]xd

[0033] where z axis is the direction of light propagation
and in means the index of refraction of i direction.

[0034] The Rth value is in a range of about 40 to 800 nm
where uniaxial phase compensation plates are used, and in
a range of about -40 to 800 nm where biaxial phase
compensation plates are used.

[0035] The liquid crystal layer adopted in the liquid crystal
panel preferably has a thickness of about 2 to 6 pm, and
multiplication of the liquid crystal layer thickness and Index
of Refraction Anisotropy indicated as dxAn has a value of
about 200 to 500 nm.

[0036] FIG. 4 is a schematic plan view for showing the
orientation of liquid crystal molecules where the LCD of the
invention comprises multiple domains, in which a lower
substrate 20 has two slit groups 22 which are formed in a
zigzag or crossed configuration to define four domains.

[0037] Therefore, application of voltage to the LCD
causes transmissivity to be uniform according to angular
field so that wide angular field can be realized.

[0038] FIG. 5 is a schematic plan view for showing the
orientation of liquid crystal molecules according to another
embodiment of the invention. As shown in FIG. 5, slit
groups 22 are formed in a lower substrate 20 at an angle or
angles different from that of a valley 42 in an upper
substrate, and suitably divided to define four domains.

[0039] Hereinafter the operation of the LCD of the inven-
tion of the above construction will be described in reference
to FIG. 3.

[0040] First, when voltage is applied to the LCD of the
above construction, the liquid crystal molecules 10 injected
between the upper substrate and the lower substrate 20 are
oriented along arrows A by the slits 22 in the lower substrate
20 and along arrows B by the valley 42 in the upper substrate
at the same time. Then, the liquid crystal molecules 10 are
oriented along arrows C in the vicinity of the valley 42 under
the combined influence of both the slits 22 and the valley 42.

[0041] As a result, this can minimize creation of a discli-
nation line, which may be produced, as the liquid crystal
molecules 10 are oriented along the valley 42.

[0042] As set forth above, the present invention can sta-
bilize the orientation of liquid crystal, in particular, liquid
crystal molecules in a valley vertical alignment mode,
having been developed for the purpose of saving the cost of
a conventional Vertical Alignment (VA) mode, in order to
minimize creation of the disclination line, thereby improv-
ing transmissivity.

[0043] Further, the vertical alignment mode of the present
invention can be applied to a multi-domain structure to
improve the viewing angle, thereby enabling wide viewing
angle, high brightness, high speed response and high defi-
nition display which are required for playing wide LCD
TVs, DVDs and so on.

Equation 1,
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[0044] While the present invention has been shown and
described in connection with the preferred embodiment, it is
to be understood that those skilled in the art can make
various modifications and variations to the present invention
without departing from the spirit and scope of the appended
claims.

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

an upper substrate;
a lower substrate;

a plurality of slits formed in a pixel region of the lower
substrate, each of the slits having a minute distance
from adjacent one of the slits;

a valley formed in a color filter of the upper substrate
covered with a transparent electrode, and having a
predetermined angle with respect to the slits;

vertical alignment material formed in opposite faces of
the upper and lower substrates;

a liquid crystal layer injected between the upper and lower
substrates; and

polarizers arranged in outer faces of the upper and lower
substrates, and having transmission axes which are
perpendicular to each other.

2. The liquid crystal display as set forth in claim 1,
wherein the slits formed in the lower substrate are arranged
with respect to the valley formed in the upper plate at an
angle of about 0 to 90 degrees.

3. The liquid crystal display as set forth in claim 1,
wherein the slits formed in the lower substrate are arranged
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with respect to the valley formed in the upper plate at an
angle of about 0 to 45 degrees.

4. The liquid crystal display as set forth in claim 1,
wherein the slits formed in the lower substrate have a width
within about 5 um, and the valley formed in the upper
substrate has a width of about 5 to 20 um.

5. The liquid crystal display as set forth in claim 1,
wherein the slits formed in the lower substrate and the
valleys formed in the upper substrate are arranged in a
zigzag or crossed configuration to define multiple domains.

6. The liquid crystal display as set forth in claim 1, further
comprising uniaxial or biaxial phase compensation plates
between the lower substrate and one of the polarizers and
between the upper substrate and the other one of the polar-
izers, wherein the uniaxial phase compensation plate has an
Rth value ranging from about 40 to 800 nm, and the biaxial
phase compensation plate has an Rth value ranging from
about 150 to 200 nm.

7. The liquid crystal display as set forth in claim 1,
wherein the liquid crystal layer has a thickness of about 2 to
6 um, and multiplication of the liquid crystal layer thickness
and index of refraction anisotropy has a value of about 200
to 500 nm.

8. The liquid crystal display as set forth in claim 1,
wherein the liquid crystal has negative dielectric anisotropy
ranging from about -2 to -10.

9. The liquid crystal display as set forth in claim 1,
wherein one of the polarizers arranged in the outer faces of
the upper and lower substrates has an angle of about 30 to
60 degrees with respect to the slits or the valley.
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