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(57) ABSTRACT

A LCD and a fabrication process is presented. An upper
substrate is coincidentally formed with a red, a green and a
blue color filters using phase separation. A compound con-
taining a photopolymeric color filter resin and a liquid crystal
are coated on an array substrate and then photopolymerized
after formation of the array substrate. A seed layer may be
provided on the substrate before the compound is applied.
Polymerization of the color filter resin permits simultaneous
formation of the upper, color filter substrate and liquid crystal
layer.
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LIQUID CRYSTAL DISPLAY DEVICE AND
FABRICATION METHOD THEREOF

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device (LCD), and more particularly, to a compact LCD
of which a fabrication process is simplified, and the fabrica-
tion method thereof.

DESCRIPTION OF THE RELATED ART

[0002] In recent years, civilization has been rapidly
advancing toward an information based society. This has
created a demand for a flat panel display having properties
such as thinness, decreased thickness, and low power con-
sumption.

[0003] In general, since a liquid crystal display device
(LCD) is a flat panel display that has improved visibility in
comparison with a cathode ray tube (CRT) device. In addi-
tion, power consumption of the LCD is lower than that of the
CRT for equal screen sizes. The LCD has been used as a next
generation display device for mobile phones, computer moni-
tors and televisions, in addition to other flat panel displays
such as plasma display panels (PDP) and field emission dis-
plays (FED).

[0004] In the LCD, an electric field generation electrode is
formed on each of two substrates and the surfaces of the
substrate where the electrode are formed oppose each other.
After a liquid crystal material is injected between two sub-
strates, the LCD displays an image by controlling light trans-
missivity through the liquid crystal. The transmissivity varies
with degree of rotation of liquid crystal molecules. The
amount of rotation is dependent on an electric field generated
by applying a voltage to the electrodes.

[0005] Generally, the liquid crystal molecules are anisotro-
pic. The anisotropy of a liquid crystal cell or a film having
those liquid crystal molecules is changed according to distri-
butions of the liquid crystal molecules and distributions of tilt
angels with respect to a substrate. Anisotropy is a factor for
the polarization change of the light according to every view-
ing angle with respect to the cell or the film configured with
the liquid crystal.

[0006] FIG.11is a schematic view illustrating a structure of
arelated art LCD. As shown in the drawing, the LCD includes
a lower substrate 120 having a thin film transistor (TFT), an
upper substrate 130 having a color filter 133, a liquid crystal
film 140 filling a gap between the upper electrode 130 and the
lower electrode 120, a first polarizer plate 129 under the lower
substrate 120 for transmitting external light as linearly polar-
ized light, and a second polarizer plate 139 over the upper
substrate 130 having a transmission axis vertical to the first
polarizer plate 129. The LCD also includes a back light unit
110 supplying light from a light source 111. The back light
unit 110 is disposed under a liquid crystal panel provided with
the lower substrate 120, the upper substrate 130 and the liquid
crystal film 140.

[0007] In the lower substrate 120, a gate interconnection
and a data interconnection are formed on a transparent sub-
strate 121. The gate interconnection intersects the data inter-
connection. In addition, a TFT is provided with a gate elec-
trode 122 extended from the gate interconnection, a gate
insulating layer 123 formed on the gate electrode 122, a
semiconductor layer 124 formed on the gate insulating layer
123, source/drain electrodes 125q and 1256 formed on the

Apr. 3,2014

semiconductor layer 124. A protection layer 126 is formed on
the TFT. A pixel electrode 127 is connected to the drain
electrode 1255 of the TFT through a contact hole formed in
the protection layer 126.

[0008] 1In the upper electrode 130, in order to inhibit light
from being transmitted to a region other than that correspond-
ing to the pixel electrode 127, a black matrix 132 is formed on
atransparent substrate 131. Upon the black matrix 132, color
patterns 133 of red, green and blue are formed for displaying
various colors. A common electrode 134 is formed on the
color filter patterns 133.

[0009] Thefirst and the second polarizer plates 129 and 139
are formed on outer surfaces of each of the lower and the
upper substrates 120 and 130 respectively. A transmission
axis of the first polarizer plate 129 and that of the second
polarizer plate are orthogonal. Incident light is polarized so
that one component is transmitted and the other is absorbed or
dispersed. That is, light is an electromagnetic wave having
vibration direction is vertical to a propagation direction. The
polarized light is biased toward the vibration direction. In
other words, the polarized light is light that vibrates strongly
in a predetermined direction among light vibrating in a plu-
rality of directions perpendicular to the propagation direc-
tion.

[0010] Therefore, light emitted from the back lightunit 110
disposed under the liquid crystal panel vibrates uniformly in
all directions. The first and the second polarizer plates 129
and 139 transmit only light vibrating in the same direction to
the polarization axis and they absorb or reflect light vibrating
in the other directions by using a predetermined medium, to
thereby make light vibrate in the predetermined direction.
[0011] Since the first and the second polarizer plates 129
and 139 are mounted on the lower and the upper substrates
120 and 130, respectively, in order that the polarization axis of
the polarizer plates 129 and 139 are orthogonal, an intensity
of the transmitted light is controlled according to a rotation
degree of the polarization axis while passing through the
liquid crystal layer 140 so that it is possible to display gray
scale between black and white.

[0012] In the LCD having the above structure, each of the
upper and the lower substrates 120 and 130 is fabricated
through its own fabrication process. The upper and the lower
substrates 120 and 130 are then bonded and liquid crystal
injected therebetween to form the liquid crystal pane. Thus,
since the upper and the lower substrates 120 and 130 are
separately fabricated and bonded together, the fabrication
time increases for the liquid crystal panel and its fabrication
process becomes complicated. Accordingly, the production
yield decreases and the fabrication cost increases in the long
run.

[0013] In addition, polarized light transmitted by the first
polarizer plate 129 mounted on the lower substrate 120 of the
liquid crystal panel is converted into non-polarized light
while passing through an interior of the liquid crystal panel.
Scattering of the light occurs due to stepped portions formed
in the lower substrate 120 and the color filters 133 formed in
the upper electrode 130 so that the polarized light is converted
into non-polarized light. Therefore, light transmissivity of the
LCD is decreased because of the non-polarized light, which
decreases the contrast ratio.

SUMMARY

[0014] By way of introduction only, in one embodiment an
LCD comprises: a first substrate having a plurality of red,
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green and blue pixel regions; an array device disposed on the
first substrate; a second substrate including red, green and
blue polymers each integrated with a partition wall that
extends towards the first substrate; and a liquid crystal film
between the first and the second substrates.

[0015] In another embodiment, an L.CD comprises: a first
substrate having a plurality of pixel regions; an array device
on the first substrate; a partition wall at a boundary of each of
the pixel regions on the first substrate; a second substrate
having a reactive mesogen integrated with the partition wall;
and a liquid crystal film in the pixel region partitioned by the
partition wall.

[0016] Inanother embodiment, a method for fabricating an
LCD comprises: a) forming an array device on a lower sub-
strate in each of red, green and blue color pixel regions; b)
providing a compound containing a liquid crystal and a pho-
topolymeric color polymer on the lower substrate; ¢) photo-
exposing a boundary of a color filter region to form a partition
wall from the photopolymeric color polymer; and d) photo-
exposing the photopolymeric color polymer in the red, the
green and the blue color pixel regions to form an upper
substrate having a color polymer, the color polymer phase-
separated from the liquid crystal.

[0017] Inanother embodiment, a method for fabricating an
LCD comprises: a) forming an array device in a pixel region
on a lower substrate; b) providing a polymer compound hav-
ing a liquid crystal and a reactive mesogen on the lower
substrate; ¢) forming a partition wall at a boundary of the
pixel region; and d) forming an upper substrate that is phase
separated from the liquid crystal by photo-exposing the lower
substrate.

[0018] Itistobeunderstood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

[0020] FIG.1isaschematic view illustrating a structure of
a related art liquid crystal display device (LCD);

[0021] FIGS. 2 and 3 a plan view and a sectional view of an
LCD according to a first embodiment of the present invention,
respectively;

[0022] FIGS. 4A to 4H are sectional views illustrating a
method for fabricating an LCD according to the first embodi-
ment of the present invention;

[0023] FIGS. 5A to 5E are sectional views illustrating a
method for fabricating an LCD according to a second
embodiment of the present invention;

[0024] FIG. 6 s a sectional view illustrating a portion of an
LCD according to a third embodiment of the present inven-
tion;

[0025] FIGS. 7A to 7E are sectional views illustrating a
method for fabricating an LCD according to the third embodi-
ment of the present invention;

[0026] FIG. 8 is a sectional view of an LCD according to a
fourth embodiment of the present invention; and
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[0027] FIGS. 9A to 9F are sectional views illustrating a
method for fabricating an LCD according to the fourth
embodiment of the present invention.

DETAILED DESCRIPTION

[0028] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.
[0029] FIGS. 2 and 3 are aplan view and a sectional view of
an LCD according to a first embodiment of the present inven-
tion, respectively. Referring to FIGS. 2 and 3, upon a lower
substrate 201, there are formed a gate line 202, adata line 204,
a thin film transistor (TFT) 230 formed at every intersection
of the gate line 202 and the data line 204, a pixel electrode 222
formed at a pixel region provided by that intersection struc-
ture, a storage capacitor 240 formed at an overlap region of
the gate line 202 and a storage electrode 228, a gate pad 250
connected to the gate line 202, and a data pad 260 connected
to the data line 204. Herein, the gate line 202 intersects with
the data line 204, while a gate insulating layer 212 is inter-
posed therebetween.

[0030] The gate line 202 applies a gate signal and the data
line 204 applies a data signal. The gate line 202 and the data
line 204 are formed in a shape of an intersection structure, to
thereby define a pixel region 205.

[0031] The TFT 230 maintains the charge of a pixel signal
of the data line 204 at the pixel electrode 222 in response to a
gate signal of the gate line 202. To this end, the TFT 230 is
provided with a gate electrode 206 connected to the gate line
202, a source electrode 208 connected to the data line 204,
and a drain electrode 210 connected to the pixel electrode.
[0032] In addition, the TFT 230 also contains an active
layer 214 which forms a channel between the source elec-
trode 208 and the drain electrode 210. The active layer 214
overlaps the underlying gate insulating layer 212 and the gate
electrode 206. The active layer 214 also overlaps the data line
204, the data pad lower electrode 262 and the storage elec-
trode 228. On the active layer 214, an ohmic contact layer 216
1s additionally formed to provide good ohmic contact with the
data line 204, the source electrode 208, the drain electrode
210, the data pad lower electrode 262, and the storage elec-
trode 228.

[0033] The pixel electrode 222 is connected to the drain
electrode 210 of the TFT 230 through a first contact hole 220
penetrating a protection layer 218 and the pixel electrode 222
is formed in the pixel region 205. As a result, an electric field
is generated between a common electrode (not shown) to
which a reference voltage is applied and the pixel electrode
222 to which the pixel signal is applied through the TFT 230.
[0034] In in-plane switching devices, the common elec-
trode may be formed on the substrate 201 adjacent to the pixel
electrode 222 and have a plurality of branches in the pixel
region 205. In this case, a traverse electric field between the
pixel electrode 222 and the common electrode is formed.
[0035] The storage capacitor 240 is provided with the gate
line 202 and the storage electrode 228. The storage electrode
228 overlaps the underlying gate insulating layer 212 and the
gate line 202. The storage electrode 228 is connected to the
pixel electrode 222 through a second contact hole 242 which
is formed in a protection layer 218 disposed on the TFT 230
and on which the pixel electrode 222 is formed. The storage
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capacitor 240 helps to maintain the pixel signal charged at the
pixel electrode 222 until the next pixel signal is charged
thereat.

[0036] The gate pad 250 is connected to a gate driver (not
shown) so as to apply the gate signal to the gate line 202. The
gate pad 250 is provided with a gate pad lower electrode 252
extended from the gate line 202, a gate pad upper electrode
254 connected to the gate pad lower electrode 252 through a
third contact hole 256 penetrating the gate insulating layer
212 and the protection layer 218.

[0037] The data pad 260 is connected to a data driver (not
shown) so as to apply the data signal to the data line 204. The
data pad 260 is provided with a data pad lower electrode 262
extended from the data line 204, and the data pad upper
electrode 264 connected to the data pad lower electrode 262
through a fourth contact hole 266 penetrating the protection
layer 218.

[0038] Upon the lower substrate 201 of the LCD having the
aforementioned structure, an alignment layer (not shown) is
formed. An upper substrate 291 provides a color filter corre-
sponding to every pixel region over the lower substrate 201
and a liquid crystal film is formed between the upper substrate
291 and the lower substrate 201.

[0039] Theupper substrate 291 is provided with a red color
filter substrate 2917, a green color filter substrate 291g, and a
blue color filter substrate 2915. The upper substrate 291 is
separated from the lower substrate 201 by a predetermined
space, and is formed of high molecular polymer material.
Partition walls 299 separate adjacent color filters 2917, 291g
and 29154. The partition walls 299 may be formed in various
structures such as a stripe, a square, a diamond, a triangle or
the like.

[0040] Since the upper substrate 291 is formed by gradual
growth over the lower substrate 201 using a photoreaction, it
is possible to simultaneously form the upper substrate 291
and the liquid crystal film during the fabrication of the lower
substrate 201. This decreases the amount of time to fabricate
the LCD and increases the yield of the LCD as the LCD is
fabricated without fabricating an additional substrate and
then bonding the fabricated upper substrate together with the
lower substrate. In addition, as the upper substrate and the
lower substrate are integrated so that bonding is not used,
which further improves the fabrication yield and reduces the
cost as sealant for bonding is not used.

[0041] Moreover, in forming the upper substrate in the
LCD according to the present invention, the partition walls
are formed at boundaries of the pixel regions so that the
partition walls act as spacers of the upper substrate. The
partition walls of the LCD thus additionally maintain a uni-
form thickness of the liquid crystal panel without the use of
additional spacers.

[0042] FIGS. 4A to 4H are sectional views illustrating a
method for fabricating an LCD according to the first embodi-
ment of the present invention. Herein, a description for the
TFT will be omitted because it has been illustrated already.
Thus, detail descriptions are focused on processes for form-
ing the liquid crystal film and the upper substrate for each of
red, green and blue pixels.

[0043] Referring to FIG. 4A, the gate insulating layer 212 is
formed on the lower substrate 201 and the data lines 204 for
identifying the pixel region of red, green and blue are formed
on the gate insulating layer 212. Thereafter, the protection
layer 218 is formed on the data lines 204. The alignment layer
may be formed on the protection layer 218.
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[0044] Referring to FIG. 4B, a red compound 2807 is
formed on the lower substrate 201. The red compound 280~
contains a photopolymeric red color filter resin monomer
2827, a liquid crystal (LC) 281, and a binder monomer (not
shown). The red color filter resin monomer 2827 becomes
polymerized when irradiated with ultraviolet (UV) light.

[0045] Thereafter, referring to FIG. 4C, after providing a
mask 296 at a predetermined location over the lower substrate
201 where the red compound 280~ is formed, boundaries of
the red pixel region R are photo-exposed first. The mask 296
has a transmission part 296a and a blocking part 2965. The
transmission part 296a is formed corresponding to the bound-
ary of the red pixel region R on the lower substrate 201.
Therefore, when UV light irradiates the mask 296, the UV
light passing through the transmission part 296a polymerizes
the underlying photopolymeric red color filter resin monomer
282r of the red compound 2807 to thereby form a partition
wall 299a which acts as a seed.

[0046] Referring to FIG. 4D, a mask 295 is provided at a
predetermined location over the lower substrate 201 where
the partition wall 2994 is formed, and then the red pixel region
R is photo-exposed. The mask 295 has a transmission part
295a and a blocking part 2955. The transmission part 2954 is
formed corresponding to the red pixel region R on the lower
substrate 201. Accordingly, if the UV light irradiates the mask
295, the UV light passing through the transmission part 295a
polymerizes the underlying photopolymeric red color filter
resin monomer 2827 of the red compound 280~ that is formed
on the red pixel region R.

[0047] Due to polymerization of the red color filter resin
monomer 2827, the liquid crystal 281 and the polymer are
separated from each other so that the red color filter resin
monomer 2827 and the binder monomer grow from the par-
tition wall 299a, to thereby form the upper substrate and the
red color filter substrate 2917 acting as the red color filter.
Thus, the liquid crystal 281 and the red color filter substrate
2917 are formed on the red pixel region R of the lower sub-
strate 201.

[0048] Afterwards, the red compound 280r formed on the
blue and the green pixel regions B and G are removed. Sub-
sequently, referring to FIG. 4E, a partition wall 2995, which
serves as a seed, is formed at a boundary of the blue pixel
region B over the lower substrate 201.

[0049] To this end, a blue compound 2805 is formed on the
lower substrate 201. The blue compound 2805 contains a
photopolymeric blue color filter resin monomer 2825, aliquid
crystal (LC) 281, and a binder monomer (not shown). The
blue color filter resin monomer 2825 becomes polymerized
when irradiated with UV light.

[0050] Thereafter, after providing a mask 296 at a prede-
termined location over the substrate 201 where the blue com-
pound 2805 is formed, a boundary of the blue pixel region B
is photo-exposed first. The mask 296 has a transmission part
296a and a blocking part 2965. The transmission part 2964 is
formed corresponding to the boundary of the blue pixel
region B on the lower substrate 201. Although the reference
number of the above mask 296 is identical to that of the mask
296 used for forming the partition wall 2994 of the red color
filter substrate 291r, the same mask may be used by shifting
the mask used for the red color filter substrate 2917 or a
different mask may be used. When UV light irradiates the
mask 296, the UV light passing through the transmission part
296a polymerizes the photopolymeric blue color filter resin
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monomer 2825 of the blue compound 2805 to thereby form
the partition wall 2995. The partition wall 2995, in turn, acts
as the seed.

[0051] Referring to FIG. 4F, a mask 295 is positioned at a
predetermined location over the substrate 201 where the par-
tition wall 299B is formed, and then the blue pixel region B is
photo-exposed. The mask 295 has a transmission part 2954
and a blocking part 2955. The transmission part 295a is
formed corresponding to the blue pixel region B on the lower
substrate 201. Accordingly, if UV light irradiates the mask
295, the UV light passing through the transmission part 2954
polymerizes the photo polymer blue color filter resin mono-
mer 2825 of the blue compound 2806 that is formed on the
blue pixel region B. Again, although the reference number of
the above mask 295 is identical to that of the mask 295 used
for forming the red color filter substrate 2917, the same mask
may be used by shifting the mask for the red color filter
substrate 2917 by a predetermined distance or a different
mask may be used.

[0052] Due to polymerization of the blue color filter resin
monomer 2825, the liquid crystal 281 and the polymer are
phase-separated from each other so that the blue color filter
resin monomer 2825 and the binder monomer grow from the
partition wall 2995, to thereby form the blue color filter
substrate 2915 of the upper substrate. Therefore, the liquid
crystal 281 and the blue color filter substrate 2915 are formed
on the blue pixel region B of the lower substrate 201. After-
wards, the blue compound 2804 formed on the red and the
green pixel regions R and G are removed.

[0053] Referring to FIG. 4G, a partition wall 299g, which
serves as a seed, is formed at a boundary of the green pixel
region G over the lower substrate 201. To begin with, a green
compound 280g is formed on the lower substrate 201. The
green compound 280g contains a photopolymeric green color
filter resin monomer 282g, a liquid crystal (LC) 281, and a
binder monomer (not shown). The green color filter resin
monomer 282¢g becomes polymerized when irradiated with
UV light.

[0054] Thereafter, after providing a mask 296 at a prede-
termined location over the substrate 201 where the green
compound 280g is formed, a boundary of the green pixel
region G is photo-exposed first. The mask 296 has a trans-
mission part 296a and a blocking part 2965. The transmission
part 296a is formed corresponding to the boundary of the
green pixel region G on the lower substrate 201. Although the
reference number of the above mask 296 are identical to that
of the mask 296 used for forming the partition walls 299a and
29956 of the red and blue color filter substrates 291 and 2915,
the same mask may be used by shifting the mask used for the
red or the blue color filter substrate 2917 and 2915 by a
predetermined distance or a different mask may be used.
When the UV light irradiates the mask 296, the UV light
passing through the transmission part 296a polymerizes the
photo polymer green color filter resin monomer 282g of the
green compound 280g to thereby form the partition wall
299g. The partition wall 299g acts as the seed.

[0055] Referring to FIG. 4H, a mask 295 is provided at a
predetermined location over the substrate 201 where the par-
tition wall 299¢ is formed, and then the green pixel region G
is photo-exposed. The mask 295 has a transmission part 295a
and a blocking part 295b. The transmission part 295a is
formed corresponding to the green pixel region G on the
lower substrate 201. Although the reference number of the
above mask 295 are identical to that of the mask 295 used for
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forming the red and the blue color filter substrates 291 and
2915, the same mask used for the red or the blue color filter
substrate 2917 and 2915 may be used by shifting the mask by
a predetermined distance or a different mask may be used.
[0056] When the UV light irradiates the mask 295, the UV
light passing through the transmission part 295a of the mask
295 polymerizes the photopolymeric green color filter resin
monomer 282¢ of the green compound 280g formed on the
green pixel region G. Due to polymerization of the green
color filter resin monomer 282g, the liquid crystal 281 and the
polymer are phase-separated from each other so that the green
color filter resin monomer 282g and the binder monomer
grow from the partition wall 299g, to thereby form the green
color filter substrate 291g of the upper substrate 291. There-
fore, the liquid crystal 281 and the green color filter substrate
291b are formed on the green pixel region G of the lower
substrate 201. Afterwards, the other green compound 280g is
removed.

[0057] As described above, the upper substrate 291 is
formed for each pixel region over the lower electrode 201 and
the liquid crystal 281 is formed between the upper substrate
291 and the lower substrate 201. The upper substrate 291 is
provided with the red color filter substrate 2917, the green
color filter substrate 291g, and the blue color filter substrate
2915b. There are partition walls 299 between two of the color
filter substrates 2917, 291g and 2915 in the upper substrate
291 so thatone color filter substrate is separated from another.
[0058] Therefore, according to the present invention, since
the upper substrate and the liquid crystal film are simulta-
neously formed on the lower substrate by phase separation
during fabrication of the lower substrate of the LCD, the
upper and the lower substrates of the liquid crystal panel can
be integrated so that it is possible to enhance fabrication yield
and simplify the fabrication process, and further increase
expediency. Furthermore, the upper substrate and the lower
substrate integrated so that bonding of the substrates and an
additional fabrication process for the upper substrate may be
avoided, which further improves the fabrication vield. In
addition, use of a sealant for bonding the upper and the lower
substrates may be avoided thereby reducing the fabrication
cost. In forming the upper substrate in the LCD, the partition
walls are formed at boundaries of the pixel regions so that the
partition walls maintain a uniform thickness of the liquid
crystal panel and uniform image.

[0059] FIGS. 5A to 5E are sectional views illustrating a
method for fabricating an LCD according to a second
embodiment of the present invention. Herein, like reference
numerals in the drawings denote like elements so that detail
descriptions for those elements, which are identical to the
elements illustrated in FIGS. 4A to 4H, are omitted.

[0060] To begin with, referring to FIG. 5A, a seed 399 is
formed at boundaries of ared, a green and a blue pixel regions
on a lower substrate 301. The seed 399 comprises a polymer
material and is formed at the boundaries of the pixel regions
of the lower substrate 301 by a method using a stamp 398 or
a mold. The method for forming the seed 399 on the lower
substrate 301 may employ a printing method using a silk
screen, a transcription method of a pattern, or an imprinting
method.

[0061] The seed 399 may be formed of a polymer material
containing a black resin. The seed 399 may be formed in a
black matrix pattern, i.e., region of a gate line, data line, a
boundary of a pixel region, a TFT region and so forth so that
it may be substituted for the black matrix.
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[0062] Thereafter, referring to FIG. 5B, a red compound
380~ is formed on the lower substrate 301. The red compound
380 contains a photopolymeric red color filter resin mono-
mer 382r, a liquid crystal (LC) 381, and a binder monomer
(not shown).

[0063] Thereafter, referring to FIG. 5C, after providing a
mask 395 at a predetermined location over the substrate 301
where the seed 399 is formed, the red pixel region R is
photo-exposed. The mask 395 has a transmission part 395a
and a blocking part 395b. The transmission part 395a is
formed corresponding to the red pixel region R on the lower
substrate 301. When UV light irradiates the mask 395, the UV
light passing through the transmission part 3954 polymerizes
the photopolymeric red color filter resin monomer 3827 of the
red compound 3807 formed on the red pixel region R.
[0064] Due to polymerization of the red color filter resin
monomer 3827, the liquid crystal and the polymer are phase-
separated from each other so that the red color filter resin
monomer 3827 and the binder monomer grow from the seed
399, to thereby form the red color filter substrate 3917 of the
upper substrate 391. Therefore, the liquid crystal 381 and a
red color filter substrate 3917 are formed on the red pixel
region R of the lower substrate 301. Afterwards, the red
compound 3807 formed on the blue and the green pixel
regions B and G are removed.

[0065] Referring to FIG. 5D, a blue compound 3804 is
formed on the lower substrate 301 and a mask 395 is disposed
at a predetermined location over the lower substrate 301.
Then, a photo-exposure is performed so as to form a blue
color filter substrate 3914 and the liquid crystal 381 on the
blue pixel region by phase separation. Thereafter, the blue
compound 3805 formed on the other regions is removed.
[0066] Subsequently, referring to FIG. 5E, a green com-
pound 380g is formed on the lower substrate 301 and a mask
395 is formed at a predetermined location over the lower
substrate 301. Then, a photo-exposure is performed so as to
form a green color filter substrate 391g and the liquid crystal
381 on the green pixel region by the phase separation. There-
after, the green compound 380g formed on the other regions
is removed.

[0067] As described above, since it is possible to reduce the
fabrication process by forming the seed 399 on the boundary
of each pixel region at an initial stage of the fabrication
process, the fabrication yield is improved. In addition, after
the liquid crystal and the photopolymeric color filter resin are
mixed and coated on the array substrate following the forma-
tion of the array substrate, the upper layer is formed coinci-
dentally with the red, the green and the blue color filters by the
phase separation. Therefore, this also enhances the fabrica-
tion yield, simplifies the fabrication process and reduces the
fabrication cost.

[0068] In addition, the upper substrate is used as the color
filter substrate without preparing an additional color filter
layer, which decreases the thickness of the LCD. Also, in an
LCD of'the present invention incorporating a polarizer film or
acompensation film, the upper substrate and one of the polar-
izer film and the compensation film may be integrated while
the array substrate is formed, and then the liquid crystal film
may also be formed using the phase separation.

[0069] FIG. 6is a sectional view illustrating a portion of an
LCD according to a third embodiment of the present inven-
tion. In the LCD of the third embodiment of the present
invention, an alignment layer 411 is formed on an array
substrate 410 where an array device having a plurality of
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TFTs in a matrix shape is formed. Though the array device is
formed between the array substrate 410 and the alignment
layer 411, the drawing is not shown in detail.

[0070] Referring to FIG. 6, the alignment layer 411 is
formed on the array substrate 410 and a reactive liquid crystal
substrate 432 is formed at each pixel region on the array
substrate 410. The liquid crystal film 433 is formed between
the reactive liquid crystal substrate 432 and the array sub-
strate 410.

[0071] The reactive liquid crystal substrate 432 is opposite
to the array substrate 410 and is separated from the array
substrate 410 by a predetermined space. The reactive liquid
crystal substrate 432 contains a reactive mesogen 434 and a
binder monomer (not shown) and acts as a retarder. The
reactive liquid crystal substrate 432 for each pixel region is
also separated from each other by means of a partition wall
432a.

[0072] Underthe lowersubstrate 410, alower polarizer film
441 is formed and an upper polarizer film 442 is formed on the
reactive liquid crystal substrate 432. A lower retarder 431 is
formed between the array substrate 410 and the lower polar-
izer film 442.

[0073] In addition, since the reactive liquid crystal sub-
strate 432 is formed coincidentally with the liquid crystal film
433 on the array substrate 410 by virtue of the phase separa-
tion, the liquid crystal panel is completed while fabricating
the array substrate 410. This improves the fabrication yield,
simplifies the fabrication process and further increases expe-
diency. Furthermore, since the lower array substrate 410 and
the reactive liquid crystal substrate 432 are integrated, bond-
ing, formation of the upper substrate, and formation of the
retarder may be avoided. Therefore, the fabrication yield is
further enhanced and the fabrication cost can be reduced
because use of the sealant may be avoided.

[0074] The reactive liquid crystal substrate 432 may serve
as a color filter by employing a color filter resin as well as the
reactive mesogen 434 and the binder monomer (not shown).
Dependent on various pixel structures of the red, green and
blue pixels, it is possible to apply the partition wall 432a to
various structures such as a stripe, a square, a diamond, a
triangle structure or the like. The color filter may also be
formed on the array substrate 410.

[0075] The reactive liquid crystal substrate acts as the
retarder to compensate for a phase difference in the transmit-
ted light. Since the reactive liquid crystal substrate may be
formed at each pixel or be formed at a predetermined pixel
group arbitrarily selected from the pixels, it is possible to
compensate the phase difference for every pixel with different
retardations or to control failure pixels generated at a specific
location by means of the phase compensation.

[0076] In the reactive liquid crystal substrate of the LCD
according to the present invention, the upper substrate is
formed incorporating the partition walls therein at the bound-
aries of the pixel regions so that the partition walls maintain a
uniform thickness of the liquid crystal panel and also keep the
image of the LCD uniform.

[0077] Detail descriptions regarding a method for fabricat-
ing the liquid crystal panel having the above structure will be
set forth hereinafter as illustrated in FIGS. 7A to 7E. FIGS.
7A to 7E are sectional views illustrating a method for fabri-
cating the LCD according to a third embodiment of the
present invention. Herein, an explanation for the fabrication
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of the TFT is omitted but detail illustrations focus on pro-
cesses of forming a liquid crystal film and a reactive liquid
crystal substrate.

[0078] Though it is not shown in the drawings, gate and
data interconnections are formed on an array substrate, while
the gate and data lines intersect each other. In addition, the
LCD contains a TFT provided with a gate electrode extended
from the gate interconnection, a gate insulating layer formed
over entire the structure having the gate electrode, a semicon-
ductor layer formed on the gate insulating layer, and source/
drain electrodes formed on the semiconductor layer. A pixel
electrode is connected to the drain electrode of the TFT
through a contact hole formed in a protection layer.

[0079] Anelectric fieldis generated between the pixel elec-
trode to which the pixel signal is applied through the TFT and
the common electrode to which the reference voltage is
applied. In an in-plane mode device, the common electrode
may have a plurality of branches interdigitated with the pixel
electrode in the pixel region. In this case, a traverse electric
field is formed between the pixel electrode and the common
electrode. Transmissivity of the light transmitted through the
pixel region varies with the degree of rotation of the liquid
crystal molecules, to thereby provide a gradation. Moreover,
a fringe field between the pixel electrode and the common
electrode drives the liquid crystal since the common electrode
is formed under the pixel electrode on the lower substrate and
the pixel electrode has a plurality of branches.

[0080] Referring to FIG. 7A, an alignment layer 411 is
formed wholly on the substrate in which a predetermined
structure described above has been completed.

[0081] Asillustrated in FIG. 7B, a liquid crystal compound
430 is coated on the array substrate 410. The liquid crystal
compound 430 contains a UV curable reactive mesogen 434,
a binder monomer (not shown) and a liquid crystal 433a. The
reactive mesogen 434 is polymerized when irradiated with
UV light to form areactive liquid crystal substrate 432 which
serves as an upper substrate with the binder monomer.
[0082] Thereafter, referring to FIG. 7C, after providing a
mask 450 at a predetermined location over the substrate 410,
a boundary of the pixel region P is photo-exposed first. The
mask 450 has a transmission part 450a and a blocking part
4505, wherein the transmission part 450q is formed corre-
sponding to the boundary of the pixel region P on the lower
substrate 410. When the UV light irradiates the mask 450, the
UV light passing through the transmission part 450a poly-
metrizes the reactive mesogen 434 and the binder monomer of
the liquid crystal compound 430 to thereby form a partition
wall 432a of a polymer. The partition wall 4324 acts as a seed.
[0083] Dependent on the pixel structures of the red, green
and blue pixels, it is possible to apply the partition wall 432a
to various structures such as a stripe, a square, a diamond, a
triangle structure or the like. The partition wall 432 may be
formed by a seed at the boundary of the pixel region disposed
on the array substrate 410. To this end, the polymer seed 399
is formed at the boundaries of the pixel regions disposed on
the lower substrate 410 by a method using a stamp or a mold.
The method for forming the seed on the lower substrate may
employ a printing method using a silk screen, a transcription
method of a pattern, or an imprinting method. The seed may
be formed of a polymer material incorporating a black resin.
The seed may be formed in a black matrix pattern, i.e., region
of a gate line, data line, a boundary of a pixel region, a TFT
region and so forth so that it may substitute for the black
matrix.
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[0084] Afterwards, referring to FIG. 7D, the UV light irra-
diates the array substrate 410 where the partition wall 4324 is
formed. Since the UV light polymerizes the reactive mesogen
434 and the binder monomer of the liquid crystal compound
430, the polymer gradually grows from the partition wall
432a and is phase-separated from the liquid crystal 4334, so
as to form the reactive liquid crystal substrate 432. That is,
due to polymerizing of the reactive mesogen 434 and the
binder monomer by means of the photopolymerization, the
liquid crystal 433 and the polymer are phase-separated from
each other so that the reactive liquid crystal substrate 432 of
the upper substrate is formed from the partition wall 432¢.
Accordingly, the liquid crystal film 433 and the reactive liquid
crystal substrate 432 are formed wholly on the array substrate
410.

[0085] The reactive liquid crystal substrate 432 serves as a
retarder. Provided that the reactive liquid crystal substrate 432
has d in thickness, a retardation becomes And, where An
denotes a birefringence index of the reactive mesogen.
[0086] Referring to FIG. 7E, an upper polarizer film 442 is
formed on the reactive liquid crystal substrate 432 and a lower
polarizer film 441 is formed below the array substrate 410 to
complete the liquid crystal panel. Since the reactive liquid
crystal substrate 432 serving as the retarder is coincidentally
formed with the liquid crystal film 433 during fabrication of
the array substrate of the liquid crystal panel through phase
separation, the upper and the lower substrates are integrated.
As a result, the fabrication yield increases, the fabrication
process is simplified and expediency is increased.

[0087] In addition, the reactive liquid crystal substrate 432
may act as a color filter by incorporating therein a color filter
resin as well as the reactive mesogen 434 and the binder
monomer (not shown). Dependent on the various pixel struc-
tures of the red, green and blue pixels, it is possible to apply
the partition wall 4324 to various structures such as a stripe, a
square, a diamond, a triangle structure or the like. The color
filter may be formed on the array substrate.

[0088] According to the present invention, since the reac-
tive liquid crystal substrate 432 and the liquid crystal film 433
are simultaneously formed on the lower substrate 410 by
phase separation during fabrication of the lower substrate of
the LCD, the liquid crystal panel can be completed while
fabricating the array substrate 410. This enhances fabrication
vield and simplifies the fabrication process. Moreover, in
forming the upper substrate in the LCD according to the
present invention, the partition walls are formed at boundaries
of the pixel regions so that the partition walls act as spacers of
the upper substrate. In addition, because the upper substrate
and the retarder are formed at the same time, use of an addi-
tional retarder may be avoided, decreasing the thickness of
the LCD. In addition, the reactive liquid crystal substrate acts
as a retarder to compensate for the phase difference. Because
the reactive liquid crystal substrate may be formed at each
pixel or be formed at a predetermined pixel group arbitrarily
selected from the pixels, it is possible to compensate the
phase difference for every pixel with different retardations or
to control failure pixels generated at a specific location by
means of the phase compensation.

[0089] FIG. 81is a sectional view illustrating a portion of an
LCD according to a fourth embodiment of the present inven-
tion. As described already, an array device where TFTs are
formed in a shape of a matrix is configured on an array
substrate 510. An alignment layer is formed on the array
substrate 510.
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[0090] Referring to FIG. 8, a polarizer substrate 542 is
formed for each pixel region on the array substrate 510 and a
liquid crystal film 533 is formed between the polarizer sub-
strate 542 and the array substrate 510. The polarizer substrate
542 is opposite to the array substrate 510 and is separated
from the array substrate 510 by a predetermined space.
[0091] The polarizer substrate 542 contains a reactive
mesogen 534 and a binder monomer (not shown). The reac-
tive mesogen 534 is a smetic liquid crystal monomer. In
particular, it is preferable to use a smetic-A phase liquid
crystal.

[0092] The polarizer substrate 542 has a separation struc-
ture that it is separated by means of the partition wall 5424 in
every pixel region. Dependent on the various pixel structures
of the red, green and blue pixels, it is possible to apply the
partition wall 542a to various structures such as a stripe, a
square, a diamond, a triangle structure or the like.

[0093] Thepolarizer substrate 542 serves as a polarizer film
as well as the upper substrate. In addition, because the polar-
izer substrate 542 and the liquid crystal film 533 are simulta-
neously formed on the array substrate 510 by phase separa-
tion during fabrication of the lower substrate of the LCD, the
liquid crystal panel can be completed while fabricating the
array substrate 510. This enhances fabrication yield and sim-
plifies the fabrication process.

[0094] Moreover, the polarizer substrate 542 of the liquid
panel has the partition walls therein which are formed at
boundaries of the pixel regions so as to form the upper sub-
strate so that the partition walls act as spacers of the upper
substrate. In addition, because the upper substrate and the
polarizer substrate are formed at the same time in the liquid
crystal panel, use of an additional polarizer film may be
avoided, decreasing the thickness of the LCD.

[0095] Detail descriptions regarding a method for fabricat-
ing the liquid crystal panel having the above structure will be
set forth hereinafter as illustrated in FIGS. 9A to 9E. FIGS.
9A to 9E are sectional views illustrating a method for fabri-
cating the LCD according to a fourth embodiment of the
present invention. Herein, an explanation for the fabrication
of the TFT is omitted but detail illustrations focus on pro-
cesses of forming a liquid crystal film and an upper polarizer
substrate.

[0096] To begin with, referring to FIG. 9A, an alignment
layer 511 is formed on an array substrate 510.

[0097] Referring to FIG. 9B, a liquid crystal compound 530
is coated on the array substrate 510. The liquid crystal com-
pound 530 contains a reactive mesogen 534, a binder mono-
mer and a liquid crystal 533.

[0098] The reactive mesogen 534 is formed of a smetic
liquid crystal. The reactive mesogen 534 is polymerized when
irradiated with UV light to form the polarizer substrate 542
serving as the upper substrate with the binder monomer.
[0099] The liquid crystal compound 530 contains a black
dye. The liquid crystal 533 and the black dye are aligned by
virtue of the alignment layer 511.

[0100] Thereafter, referring to FIG. 9C, after providing a
mask 550 at a predetermined location over the array substrate
510, aboundary ofthe pixel region is photo-exposed first. The
mask 550 has a transmission part 550a and a blocking part
550b. The transmission part 550q is formed corresponding to
the boundary of the pixel region on the array substrate 510.
When UV light irradiates the mask 550, the UV light passing
through the transmission part 5504 polymerizes the reactive
mesogen 534 and the binder monomer of the liquid crystal
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compound 530 through photopolymerization to thereby form
a partition wall 542a. The partition wall 5424 acts as a seed.
[0101] Dependent on the various pixel structures of the red,
green and blue pixels, it is possible to apply the partition wall
542a to various structures such as a stripe, a square, a dia-
mond, a triangle structure or the like. The partition wall 5424
may be formed by a seed at the boundary of the pixel region
disposed on the array substrate 510. To this end, the seed of a
polymer material is formed at the boundaries of the pixel
regions disposed on the array substrate 510 by a method using
a stamp or a mold. The method for forming the seed on the
lower substrate may employ a printing method using a silk
screen, a transcription method of a pattern, or an imprinting
method.

[0102] The seed may be formed of a polymer material
containing a black resin. The seed may be formed in a black
matrix pattern, i.e., region of a gate line, data line, a boundary
of a pixel region, a TFT region and so forth so that it may be
substituted for the black matrix.

[0103] Afterwards, referring to FIG. 9D, the UV light irra-
diates the array substrate 510 where the partition wall 5424 is
formed. The UV light polymerizes the reactive mesogen 534
and the binder monomer of the liquid crystal compound 530
so that the polymer grows from the partition wall 542a and is
phase-separated from the liquid crystal 533, thereby forming
a polarizer substrate 542.

[0104] Thatis, duetopolymerizing ofthe reactive mesogen
534 and the binder monomer by means of photopolymeriza-
tion, the liquid crystal 533 and the polymer are phase-sepa-
rated from each other so that the polarizer substrate 542 are
formed from the partition wall 5424, which serves as a polar-
izer film as well as the upper substrate.

[0105] The polarizer substrate 542 forms absorption grat-
ings for the polarized light by structuring smetic liquid crys-
tals, e.g., smetic A-phase liquid crystals, in a shape of a
bookshelf. Therefore, by virtue of the polymerization, the
polarizer substrate 542, in which the upper substrate and the
upper polarizer film are integrated, is formed coincidentally
with the liquid crystal film 530 through the phase separation.
Since it is possible to form the polarizer substrate 542 with a
sufficient thickness, it is possible to secure an optical density
(OD). The liquid crystal film 530 and the polarizer substrate
542 are wholly formed on the array substrate 510.

[0106] Referring to FIG. 9E, a lower polarizer film 541 is
formed under the array substrate 510. Since the polarizer
substrate and the liquid crystal film are simultaneously
formed on the lower substrate by phase separation during
fabrication of the lower substrate of the LCD, the liquid
crystal panel can be completed while fabricating the array
substrate so that it is possible to enhance a fabrication yield
and simplify the fabrication process.

[0107] In addition, because there is polarization effect at
the polarizer substrate in the liquid crystal panel, use of an
additional polarizer film may be avoided, thereby decreasing
the thickness of the LCD. Since the polarizer substrate serv-
ing as a polarizer plate is coincidentally formed with the
liquid crystal film during fabrication of the array substrate of
the liquid crystal panel through the phase separation, the
upper and the lower substrates integrated. As a result, the
fabrication yield increases and the fabrication process sim-
plified.

[0108] Inthe reactive liquid crystal substrate and the polar-
izer substrate of the LCD according to the present invention,
the partition wall is formed at the boundary of the pixel region
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in forming the upper substrate so that the partition wall main-
tains a uniform thickness of the liquid crystal panel and also
keeps a uniform image of the LCD. In addition, since the
upper substrate is formed coincidentally with the polarizer
substrate in the liquid crystal panel according to the present
invention, use of an additional polarizer film may be avoided,
decreasing the thickness of the LCD.

[0109] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention. Thus, it is intended that the present inven-
tion covers the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:

1. A method for fabricating an LCD, comprising:

a) forming an array device on a lower substrate in each of

red, green and blue color pixel regions;
b) providing a compound containing a liquid crystal and a
photopolymeric color polymer on the lower substrate;

¢) photo-exposing a boundary of a color filter region to
form a partition wall from the photopolymeric color
polymer; and

d) photo-exposing the photopolymeric color polymer in

the red, the green and the blue color pixel regions to form
an upper substrate having a color polymer, the color
polymer phase-separated from the liquid crystal.

2. The method according to claim 1, wherein the color
polymer includes a red, a green and a blue color filter resin
monomers and a binder monomer.

3. The method according to claim 1, wherein the upper
substrate is partitioned at every pixel region.

4. The method according to claim 1, wherein the liquid
crystal in each of the pixel regions is separated by the partition
wall.

5. The method according to claim 1, wherein the partition
wall has the same color as the polymer from which the par-
tition wall extends.

6. The method according to claim 1, wherein the partition
wall has a predetermined structure selected from the group
consisting of a stripe structure, a diamond structure, a square
structure and a triangle structure.

7. The method according to claim 1, wherein different
color partition walls contact each other along the entirety of
the partition walls.

8. The method according to claim 1, wherein ¢) and d) are
sequentially carried out for the red, the green and the blue
color pixel regions.

9. The method according to claim 1, further comprising,
before ¢), forming a seed at the boundary of each of the color
pixel regions on the lower substrate.

10. The method according to claim 9, wherein the partition
wall contacts the seed.

11. The method according to claim 9, wherein the seed
comprises a black polymer material.

12. The method according to claim 9, wherein the seed is
formed by using a stamp or a mold.

13. The method according to claim 9, wherein the seed is
formed by using a method selected from the group consisting
of a silk screen method, a printing method, an imprinting
method and a transcription method.

14. The method according to claim 9, wherein the color
filter in the red, the green and the blue color pixel regions is
formed sequentially.
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15. The method according to claim 14, wherein the com-
pound is removed after being photo-exposed and a compound
containing a photopolymeric color polymer having a color
different from the color filter of the upper substrate is pro-
vided on the lower substrate.

16. The method according to claim 9, wherein the seed is
formed at boundaries having a plurality of the same-colored
pixel regions.

17. The method according to claim 9, wherein the seed has
a predetermined structure selected from the group consisting
of a stripe structure, a diamond structure, a square structure
and a triangle structure.

18. The method according to claim 9, wherein the color
polymer of the upper substrate is grown from the seed.

19. The method according to claim 1, wherein the partition
wall and color polymer of the upper substrate are integral.

20. A method for fabricating an LCD, comprising:

a) forming an array device in a pixel region on a lower

substrate;

b) providing a polymer compound having a liquid crystal

and a reactive mesogen on the lower substrate;

¢) forming a partition wall ata boundary of the pixel region;

and

d) forming an upper substrate that is phase separated from

the liquid crystal by photo-exposing the lower substrate.

21. The method according to claim 20, wherein the upper
substrate is grown from the partition wall and is formed
through polymerization.

22. The method according to claim 20, wherein the upper
substrate includes the reactive mesogen.

23. The method according to claim 20, wherein the poly-
mer compound includes a black dye.

24. The method according to claim 20, wherein the poly-
mer compound includes a binder monomer.

25. The method according to claim 20, wherein the upper
substrate has a predetermined retardation.

26. The method according to claim 20, wherein the upper
substrate transmits polarized light therethrough.

27. The method according to claim 20, wherein a nematic
liquid crystal is disposed between the upper substrate and the
lower substrate.

28. The method according to claim 20, wherein a smetic
liquid crystal is disposed between the upper substrate and the
lower substrate.

29. The method according to claim 20, further comprising,
after a), forming an alignment layer on the lower substrate.

30. The method according to claim 20, wherein ¢) is carried
out by polymerizing the polymer compound through photo-
exposing the boundary of the pixel region.

31. The method according to claim 20, wherein ¢) is carried
out by using a stamp or a mold.

32. The method according to claim 20, wherein the parti-
tion wall is formed by using a method selected from the group
consisting of a silk screen method, a printing method, an
imprinting method, and a transcription method.

33. The method according to claim 20, wherein a color
filter is formed on the lower substrate.

34. The method according to claim 20, wherein the parti-
tion wall has a predetermined structure selected from the
group consisting of a stripe structure, a diamond structure, a
square structure and a triangle structure.
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https://share-analytics.zhihuiya.com/view/158af3a3-5163-4306-84ae-914dcb5abe65
https://worldwide.espacenet.com/patent/search/family/036639993/publication/US2014094080A1?q=US2014094080A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220140094080%22.PGNR.&OS=DN/20140094080&RS=DN/20140094080

