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LIQUID CRYSTAL DISPLAY AND METHOD
FOR MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to, and the benefit
of, Korean Patent Application No. 10-2009-000114628 filed
in the Korean Intellectual Property Office on Nov. 25, 2009,
the entire contents of which are incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

[0002] (a) Field of the Invention

[0003] The present invention relates to liquid crystal dis-
plays. More particularly, the present invention relates to lig-
uid crystal displays including cholesteric liquid crystals.
[0004] (b) Background

[0005] 1In general, a cholesteric liquid crystal display is a
reflective liquid crystal display with attributes including rela-
tively low power consumption and high screen luminance. In
cholesteric liquid crystal displays, cholesteric liquid crystals
are mixed with chiral dopants, resulting in a helical structure
that selectively reflects light having the same wavelength as a
helical pitch of the liquid crystal, so as to control light trans-
mittance for each pixel.

[0006] Here, the reflected light has a wavelength corre-
sponding to the product of the pitch of the liquid crystal and
the refractive anisotropy (An). The pitch of the liquid crystal
may be controlled by the amount of chiral dopant added.
When a large amount of chiral dopant is added, the resultant
short pitch reflects light having a shorter wavelength, and
when a smaller amount of chiral dopant is added, the resultant
long pitch reflects light of a longer wavelength.

[0007] This cholesteric liquid crystal display can have dif-
ferent driving voltages for each pixel or sub-pixel color (e.g.,
red, green, and blue). Thus, forexample, if the driving voltage
of the blue sub-pixels is also used to drive the red and the
green sub-pixels, the red and green sub-pixels are not driven
to the proper luminance.

[0008] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention, and therefore it may contain
information not in the prior art.

SUMMARY OF THE INVENTION

[0009] Accordingly, the present invention simplifies the
process to form the different cell gaps for each pixel.

[0010] Oneembodiment concerns a method of manufactur-
ing a liquid crystal display including a cholesteric liquid
crystal and having a first insulation substrate and a second
insulation substrate that face each other. The method
includes: forming an organic layer on the first insulation
substrate or the second insulation substrate; pressing a mold
onto the organic layer; hardening the organic layer; and
removing the mold so as to form a cell gap formation pattern
in the organic layer, the cell gap formation pattern including
first, second, and third portions each having different thick-
nesses.

[0011] Thefirstinsulationsubstrate may include a gateline,
a data line intersecting the gate line, a thin film transistor
connected to the gate line and the data line, and a pixel
electrode connected to the thin film transistor.
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[0012] The organic layer may include a black color pig-
ment.

[0013] The second insulation substrate may include an
overcoat and a common electrode formed on the overcoat,
and the organic layer may be the overcoat.

[0014] The organic layer may include a material that is
hardened by at least one of heat and ultraviolet radiation.

[0015] A liquid crystal display according to the present
invention includes: a first substrate; a cell gap formation
pattern formed on the first substrate; a pixel electrode formed
on the cell gap formation pattern; a second substrate facing
the first substrate; a common electrode formed on the second
substrate; a cholesteric liquid crystal layer positioned
between the common electrode and the pixel electrode; and a
partition dividing the cholesteric liquid crystal layer into
regions, wherein the cell gap formation pattern has first, sec-
ond, and third portions each having different thicknesses.

[0016] The cell gap formation pattern may include an
organic material, and the organic material may be hardened
by heat or UV.

[0017] The cell gap formation pattern may be an organic
material including a black color pigment, and the organic
material may be hardened by at least one of heat and ultra-
violet radiation.

[0018] Thepartition may include a same material as the cell
gap formation pattern.

[0019] Thethickness of the first portion may be greater than
the thickness of the second portion, and the thickness of the
second portion may be greater than the thickness of the third
portion.

[0020] The first portion may correspond to ared region, the
second portion may correspond to a green region, and the
third portion may correspond to a blue region.

[0021] The liquid crystal display may further include: a
gate line formed on the first substrate; a data line intersecting
the gate line; and a thin film transistor connected to the gate
line and the dataline, wherein the pixel electrode is connected
to the thin film transistor, and the cell gap formation patternis
formed on the thin film transistor.

[0022] The cell gap formation pattern may include a black
color pigment.

[0023] An overcoat formed on the cell gap formation pat-
tern may be further included.

[0024] Accordingly, the different cell gaps per each color
may be easily formed through the pressing process (or an
embossing stamp) using the mold according to the present
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 is a cross-sectional view of a liquid crystal
display according to an exemplary embodiment of the present
invention.

[0026] FIG. 2 and FIG. 3 are cross-sectional views sequen-
tially showing a method for forming a pattern for a cell gap
having varying thicknesses according to the present inven-
tion.

[0027] FIG. 4 is a cross-sectional view of a liquid crystal
display according to an exemplary embodiment of the present
invention.
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[0028] FIG. 5 is a cross-sectional view of a liquid crystal
display according to another exemplary embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0029] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
As those skilled in the art would realize, the described
embodiments may be modified in various different ways, all
without departing from the spirit or scope of the present
invention.

[0030] In the drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity. Like reference
numerals designate like elements throughout the specifica-
tion. It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present.

[0031] As above, a cholesteric liquid crystal display typi-
cally requires different driving voltages for each color. One
way to drive different color pixels or sub-pixels with the same
driving voltage is to form different cell gaps for each color.
However, separate etching processes are typically required to
form the different cell gaps for each pixel, complicating the
fabrication process. Accordingly, embodiments of the inven-
tion produce a substrate with a cell gap formation pattern
having different thicknesses for each color. The varying
heights of this cell gap formation pattern can be fabricated
without separate etching steps, yielding a display whose cell
gap varies with color, but is still simple to fabricate. In this
mannet, embodiments of the invention allow for a cholesteric
liquid crystal display whose different colors can all be driven
with the same voltage, but that remains relatively easy to
fabricate.

[0032] An exemplary embodiment of the present invention
will hereinafter be described in detail with reference to the
accompanying drawings.

[0033] FIG. 1 is a cross-sectional view of a liquid crystal
display according to an exemplary embodiment of the present
invention.

[0034] Referring to FIG. 1, liquid crystal display includes a
lower panel with a pixel electrode 191 formed on a substrate
110, an upper panel including a common electrode 270
formed on a substrate 210, and a liquid crystal layer 3 between
the two display panels. The liquid crystal layer 3 is made of a
cholesteric liquid crystal and includes a chiral dopant.
[0035] The liquid crystal display of this embodiment has
different cell gaps for each pixel color. In particular, the lower
panel includes a cell gap formation pattern 9, and the pattern
9 includes first to third portions A-C each having different
thicknesses.

[0036] Any suitable thicknesses are contemplated. How-
ever, in the embodiment shown, the thicknesses of the first to
third portions A-C have a relationship of A>B>C, and accord-
ingly the cell gap has arelationship of A<B<C. Here, the pitch
of the liquid crystal is controlled in the first portion A for
display of blue, in the second portion B for green, and in the
third portion C for red.

[0037] Next, amethod for differentiating the cell gap of the
liquid crystal display will be described with reference to
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FIGS. 2-3. FIG. 2 and FIG. 3 are cross-sectional views
sequentially showing a method for forming a pattern for a cell
gap having the different thicknesses according to the present
invention.

[0038] First, as shownin FIG. 2, a cell gap formation mate-
rial layer 90 is coated on a substrate 110. The cell gap forma-
tion material layer 90 may be made of any suitable material,
such as an organic material to be hardened by heat or UV.
[0039] Next, amold Mis disposed on the cell gap formation
material layer 90, and pressure is applied to shape the layer 90
according to themold. Themold M has heights opposite to the
height of the pattern, so that the mold M presses the layer 90
to the correct heights.

[0040] Here, as shown in FIG. 3, the cell gap formation
material layer 90 is hardened by UV or heat. Next, the mold
is removed to form a cell gap formation pattern 9.

[0041] The cell gap formation pattern 9 is used to form the
different cell gaps in the first to third portions A to C. Depend-
ing on the application, the cell gap formation material may be
removed entirely from the third portion C. To accomplish this,
the remaining layer S of the third portion may be removed
through ashing. In other applications, the remaining layer S
may be kept, i.e. not removed.

[0042] The above-described process yields a cell gap for-
mation pattern with different thicknesses, that may be rela-
tively easily formed without using a separate etching process.
[0043] FIG. 4illustrates a liquid crystal display incorporat-
ing the cell gap formation pattern 9 of FIG. 1. More specifi-
cally, FIG. 4 is a cross-sectional view of a liquid crystal
display according to an exemplary embodiment of the present
invention. The liquid crystal display of FIG. 4 includes a
lower panel 100 and upper panel 200, with a liquid crystal
layer 3 placed therebetween.

[0044] Referring to the lower panel 100, a gate line and a
storage electrode line are formed on an insulation substrate
110 made of transparent glass or plastic. The gate line trans-
mits a gate signal, and extends in a substantially transverse
direction. The gate line includes a gate electrode 124 which
protrudes from the gate line.

[0045] The storage electrode line receives a predetermined
voltage and extends substantially in the transverse direction.
Each storage electrode line includes a storage electrode 133
that extends from the storage electrode line.

[0046] A gate insulating layer 140 is formed on the gate
electrode 124 and the storage electrode 133. The gate insu-
lating layer 140 may be made of any suitable insulating mate-
rial, such as silicon oxide or silicon nitride.

[0047] A semiconductor 154 made of hydrogenated amor-
phous silicon or crystallized silicon is formed on the gate
insulating layer 140. A pair of ohmic contacts 163 and 165 are
then formed on the semiconductor 154, and face each other.
[0048] A data line, including a source electrode 173 and a
drain electrode 175, is formed on the ohmic contacts 163 and
165 and the gate insulating layer 140.

[0049] The data line transmits a data signal and extends
substantially in the longitudinal direction, thereby intersect-
ing the gate line.

[0050] The drain electrode 175 faces the source electrode
173 with respect to the gate electrode 124.

[0051] A gate electrode 124, a source electrode 173, and a
drain electrode 175 form a thin film transistor (TFT) along
with the semiconductor 154. The channel of the thin film
transistor is formed in the semiconductor 154 between the
source electrode 173 and the drain electrode 175.
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[0052] A passivation layer 180 is formed on the drain elec-
trode 175, the source electrode 173, and the exposed semi-
conductor 154. The passivation layer 180 may be made of any
suitable material, such as an inorganic insulator such as sili-
con nitride, silicon oxide, or an organic insulator and an
insulating material having a dielectric ratio of less than 4.0.

[0053] The passivation layer 180 (made of organic mate-
rial) may be used as the cell gap formation pattern, and may be
pressed so as to have first through third portions A-C with
different thicknesses. The passivation layer 180 formed into
different thicknesses through the method shown in FIG. 2 and
FIG. 3.

[0054] An absorption layer 220 is formed on the passiva-
tion layer 180. The absorption layer 220 may be made of an
organic material including pigments such as black color pig-
ments.

[0055] Among the ambient light incident to the liquid crys-
tal layer, the light of wavelength corresponding to the liquid
crystal pitch is reflected, and the remaining unreflected light
is absorbed by the absorption layer 220. For black, the liquid
crystal pitch is controlled so that all light is transmitted, i.e.
none is reflected. All light is thus absorbed by the absorption
layer 220, so that black is displayed.

[0056] An overcoat 30 is formed on the absorption layer
220. The overcoat 30 prevents impurities outgassed from the
absorption layer 220 from flowing into the liquid crystal, and
may reduce the influence of the dielectric ratio due to the
absorption layer 220.

[0057] In the example of FIG. 4, passivation layer 180 is
used as the cell gap formation pattern. However, the invention
contemplates use of any layer as the cell gap formation pat-
tern. In particular, the invention contemplates use of any
suitable pattern that can be imprinted with different heights,
creating varying cell gaps. In the example of FIG. 5, the
absorption layer 220 may be used as the cell gap formation
pattern and the overcoat 30 may be formed thereover.
Although not shown in the figures, further embodiments may
also include use of the overcoat 30 as the cell gap formation
pattern.

[0058] In FIG. 5, the overcoat 30 and the absorption layer
220 have a contact hole 185 exposing the drain electrode 175.
[0059] A pixel electrode 191 and a partition 310 are formed
on the overcoat 30. The pixel electrode 191 is made of a
transparent conductive material such as ITO and [Z0, and is
electrically connected to the drain electrode 175 through the
contact hole 185.

[0060] The partition 310 may be made of an organic insu-
lating material, and may be made of the same material as the
absorption layer 220. Also, one of ordinary skill in the art will
observe that the partition 310 can be formed using the mold M
shown in FIG. 2 and FIG. 3, thereby simplifying the process.
[0061] Theliquid crystal of the liquid crystal display of the
present invention represents a special color according to its
pitch, so that neighboring colors can require differently-
pitched liquid crystal. Accordingly, the partition 310 prevents
the mixture of the neighboring colors. The shape of the par-
tition 310 may be changed according to the arrangement of
the colors. For example, the partition 310 may be extended
along the pixel row or the pixel column, or may be formed
with a shape enclosing each pixel.

[0062] When forming the partition 310 to be extended, the
liquid crystal may be injected through vacuum injection.
Alternatively, when forming a shape enclosing the pixel, the
liquid crystal layer may be formed through an Inkjet method
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or a dripping method. The partition 310 may also be used as
a spacer to maintain the interval of the upper substrate.
[0063] An alignment layer (not shown) may be formed on
the pixel electrode 191.

[0064] Next, upper panel 200 is described. The upper panel
200 includes a substrate 210, and a common electrode 270
formed on the substrate 210. An alignment layer (not shown)
may also be formed on the common electrode 270.

[0065] As above, the invention includes embodiments in
which the passivation layer is used as the cell gap formation
pattern. However, the invention also includes embodiments in
which any other suitable layer, such as an overcoat layer, is
instead used as the cell gap formation pattern. Additionally,
the invention contemplates formation of the partition 310 in
either the lower panel 100 or the upper panel 200.

[0066] A cholesteric liquid crystal layer is formed between
the two display panels 100 and 200, and has a helical struc-
ture. Also, the first portion A is used in the blue pixel (or
sub-pixel), the second portion B is used in the green pixel (or
sub-pixel), and the third portion C is used in the red pixel (or
sub-pixel).

[0067] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. A method of manufacturing a liquid crystal display
including a cholesteric liquid crystal and having a first insu-
lation substrate and a second insulation substrate that face
each other, the method comprising:

forming an organic layer on the first insulation substrate or

the second insulation substrate;

pressing a mold onto the organic layer;

hardening the organic layer; and

removing the mold so as to form a cell gap formation

pattern in the organic layer, the cell gap formation pat-
tern including first, second, and third portions each hav-
ing different thicknesses.

2. The method of claim 1, wherein

the first insulation substrate includes a gate line, a data line

intersecting the gate line, a thin film transistor connected
to the gate line and the data line, and a pixel electrode
connected to the thin film transistor, and

the organic layer is formed on the thin film transistor.

3. The method of claim 2, wherein

the organic layer includes a black color pigment.

4. The method of claim 1, wherein

the second insulation substrate includes an overcoat and a

common electrode formed on the overcoat, and

the organic layer is the overcoat.

5. The method of claim 1, wherein

the organic layer includes a material that is hardened by at

least one of heat and ultraviolet radiation.

6. A liquid crystal display comprising:

a first substrate;

a cell gap formation pattern formed on the first substrate;

a pixel electrode formed on the cell gap formation pattern;

a second substrate facing the first substrate;

a common electrode formed on the second substrate;

a cholesteric liquid crystal layer positioned between the

common electrode and the pixel electrode; and
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a partition dividing the cholesteric liquid crystal layer into
regions,

wherein the cell gap formation pattern has first, second, and
third portions each having different thicknesses.

7. The liquid crystal display of claim 6, wherein

the cell gap formation pattern includes an organic material.

8. The liquid crystal display of claim 7, wherein

the organic material is hardened by at least one of heat and
ultraviolet radiation.

9. The liquid crystal display of claim 6, wherein

the cell gap formation pattern includes an organic material,
the organic material including a black color pigment.

10. The liquid crystal display of claim 9, wherein

the organic material is hardened by at least one of heat and
ultraviolet radiation.

11. The liquid crystal display of claim 9, wherein

the partition includes a same material as the cell gap for-
mation pattern.

12. The liquid crystal display of claim 6, wherein

the thickness of the first portion is greater than the thick-
ness of the second portion, and the thickness of the
second portion is greater than the thickness of the third
portion.
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13. The liquid crystal display of claim 12, wherein

acell gap of the third portion is greater than a cell gap of the
second portion, and the cell gap of the second portion is
greater than a cell gap of the first portion.

14. The liquid crystal display of claim 13, wherein

the first portion corresponds to a red region, the second
portion corresponds to a green region, and the third
portion corresponds to a blue region.

15. The liquid crystal display of claim 6, further compris-

ing:

a gate line formed on the first substrate;

a data line intersecting the gate line; and

a thin film transistor connected to the gate line and the data
line,

wherein the pixel electrode is connected to the thin film
transistor, and

the cell gap formation pattern is formed on the thin film
transistor.

16. The liquid crystal display of claim 15, wherein

the cell gap formation pattern includes a black color pig-
ment.

17. The liquid crystal display of claim 15, further compris-

ing

an overcoat formed on the cell gap formation pattern.
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