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LIQUID CRYSTAL DISPLAY PANEL AND
FABRICATION METHOD

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims the priority of Chinese
Patent Application No. CN201510076504.6, filed on Feb. 13,
2015, the entire contents of which are incorporated herein by
reference.

FIELD OF THE DISCLOSURE

[0002] The present disclosure generally relates to the field
of display technologies and, more particularly, relates to a
liquid crystal display panel and a fabrication method thereof.

BACKGROUND

[0003] Thin film transistor liquid crystal displays (TFT-
LCD) have become the mainstream flat penal displays and
have gradually replaced the traditional cathode ray tube
(CRT) displays. The TFT-LCDs have been widely used in
television sets, desktop computer monitors, notebook com-
puters, GPS devices, game consoles, palm computers, digital
cameras, and mobile phones, etc. The TFT-LCDs have many
application liquid crystal display modes, such as the most
popular twisted nametic (TN) display mode, vertical align-
ment (VA) display mode, the fast growing in-plane switch
(IPS) display mode, and fringe field switching (FFS) display
mode, etc.

[0004] All these display modes share one common feature
of applying electric voltage to control the alignment direction
of the liquid crystal molecules to modulate the external light
passing through the liquid crystal material. Thus, the image
display function is achieved. Because of the wide viewing
angles and other advantages, the IPS and FFS display modes
are more popular and widely used. The IPS and FFS display
modes will be used as examples in the following descriptions.
[0005] However, the IPS and FFS display modes often
require using polarizers, and the variations in the polarization
directions of the polarizers may affect display quality. The
disclosed liquid crystal display panel and fabrication method
are directed to solve one or more problems in the art.

BRIEF SUMMARY OF THE DISCLOSURE

[0006] Directed to solve one or more problems set forth
above and other problems in the art, the present disclosure
provides a liquid crystal display panel and a fabrication
method to improve image viewing experience.

[0007] One aspect of the present disclosure includes a lig-
uid crystal display panel. The liquid crystal display panel
includes an upper substrate, a lower substrate, a liquid crystal
layer sandwiched between the upper and lower substrates, an
upper regionalized polarizer disposed on the upper substrate
including a plurality of first upper polarizing units and second
upper polarizing units, and a lower regionalized polarizer
disposed on the lower substrate including a plurality of first
lower polarizing units and second lower polarizing units. The
first lower polarizing units correspond to the first upper polar-
izing units. The second lower polarizing units correspond to
the second upper polarizing units. The first upper polarizing
units and the second upper polarizing units have mutually
orthogonal polarization directions. The first lower polarizing
units and the first upper polarizing units have mutually
orthogonal polarization directions. The second lower polar-
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izing units and the second upper polarizing units have mutu-
ally orthogonal polarization directions.

[0008] Another aspect of the present disclosure provides a
method of fabricating the liquid crystal display panel. The
method includes providing a lower substrate; spin-coating an
organic film forming material on the lower substrate; and
providing a first linearly polarized light by passing an ultra
violet light through a polarizer to irradiate the organic film
forming material through a first mask to form a plurality of
first polarizing units. The method also includes horizontally
rotating the polarizer by 90 degrees or horizontally rotating
the lower substrate coated with the organic film forming
material by 90 degrees to obtain a second linearly polarized
light to irradiate the organic film forming material through a
second mask to form a plurality of second polarizing units.
The plurality of second lower polarizing units and the plural-
ity of first lower polarizing units have mutually orthogonal
polarization directions. Further, the method includes curing
the organic film forming material to form a lower regionalized
polarizer on the lower substrate.

[0009] Otheraspects ofthe present disclosure can be under-
stood by those skilled in the art in light of the description, the
claims, and the drawings of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The following drawings are merely examples for
illustrative purposes according to various disclosed embodi-
ments and are not intended to limit the scope of the present
disclosure.

[0011] FIG. 1illustrates a schematic view of a liquid crystal
display panel,
[0012] FIG. 2 illustrates a schematic view of polarization

direction changes when a light passes through the liquid
crystal display panel shown in FIG. 1;

[0013] FIG. 3 illustrates a schematic view of an exemplary
liquid crystal display panel according to the disclosed
embodiments;

[0014] FIG. 4 illustrates a schematic view of an exemplary
lower regionalized polarizer according to the disclosed
embodiments;

[0015] FIG. 5 illustrates a schematic view of polarization
direction changes when a light passes through the liquid
crystal display panel shown in FIG. 3;

[0016] FIG. 6 illustrates a schematic view of the relation-
ship between the liquid crystal molecules and the polarization
directions in an exemplary liquid crystal display panel
according to the disclosed embodiments;

[0017] FIG. 7 illustrates a schematic view of another exem-
plary lower regionalized polarizer according to the disclosed
embodiments;

[0018] FIG. 8 illustrates a schematic view of another exem-
plary lower regionalized polarizer according to the disclosed
embodiments;

[0019] FIG. 9 illustrates a schematic view of another exem-
plary lower regionalized polarizer according to the disclosed
embodiments;

[0020] FIG. 104 illustrates a schematic view of an exem-
plary method of fabricating a lower regionalized polarizer
according to the disclosed embodiments; and

[0021] FIG. 104 illustrates a schematic view of another
exemplary method of fabricating a lower regionalized polar-
izer according to the disclosed embodiments.



US 2016/0238886 A1l

DETAILED DESCRIPTION

[0022] Reference will now be made in detail to exemplary
embodiments of the disclosure, which are illustrated in the
accompanying drawings. Wherever possible, the same refer-
ence numbers will be used throughout the drawings to refer to
the same or like parts. It should be understood that the exem-
plary embodiments described herein are only intended to
illustrate and explain the present invention and not to limit the
present invention.

[0023] A TFT-LCD display module may include a liquid
crystal display panel, a backlight source, and an external drive
circuit, etc. FIG. 1 illustrates a schematic view of an exem-
plary liquid crystal display panel. Referring to FIG. 1, the
liquid crystal display panel may include a liquid crystal cell
100 with a liquid crystal layer sandwiched between two glass
substrates, a lower polarizer 110 configured under the liquid
crystal cell 100, and an upper polarizer 120 configured above
the liquid crystal cell 100.

[0024] FIG. 2 illustrates a schematic view of polarization
direction changes when a light passes through the liquid
crystal display panel shown in FIG. 1. Referring to FIG. 2, a
thin film transistor array may be configured on the lower glass
substrate 101 to actively drive the liquid crystal cell 100. A
color filter may be configured on the upper glass substrate 102
for color display. The lower polarizer 110 and the upper
polarizer 120 may be attached on the lower glass substrate
101 and the upper glass substrate 102, respectively. The lower
polarizer 110 and the upper polarizer 120 may have only one
transmission axis for passing light of one polarization direc-
tion.

[0025] Specifically, the two glass substrates 101 and 102
may be configured respectively with an alignment layer (not
shown) on the sides facing toward the liquid crystal layer. The
alignment layers on the two glass substrates 101 and 102 may
have the rubbing directions in parallel with each other. The
polarization direction of either the lower polarizer 110 or the
upper polarizer 120 may be the same as the rubbing direction
of the alignment layer on the corresponding glass substrate.
The polarization direction of the other polarizer may be
orthogonal to the rubbing direction of the alignment layer on
the corresponding glass substrate.

[0026] When a voltage applied to the liquid crystal mol-
ecules is smaller than the liquid crystal threshold voltage, the
liquid crystal molecules at the interfaces of the two glass
substrates 101 and 102 in the liquid crystal cell 100 may be
aligned in the rubbing directions of the alignment layers on
the two glass substrates 101 and 102 such that the light from
the backlight source may be blocked by the combination of
the lower polarizer 110 and the upper polarizer 120 that have
orthogonal polarization directions. Accordingly, the liquid
crystal display panel may be in a dark state.

[0027] When a voltage applied to the liquid crystal mol-
ecules is greater than the liquid crystal threshold voltage, the
liquid crystal molecules at the interfaces of the two glass
substrates 101 and 102 in the liquid crystal cell 100 may be
rotated by the electric field such that the light from the back-
light source may have the polarization direction changed by
the rotated liquid crystal molecules and may pass through the
upper polarizer 120. Accordingly, the liquid crystal display
panel may be in a bright state.

[0028] However, because the lower polarizer 110 and the
upper polarizer 120 have a uniform polarization direction on
the entire surface, the image displaying light emitted from the
entire surface of the liquid crystal display panel may have a
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uniform polarization direction. In other words, only linearly
polarized light may be obtained. An observer may wear a
viewing device configured with polarizers, such as a sun glass
200 with two lenses 210 and 220 as shown in FIG. 2. The two
lenses 210 and 220 may include two polarizers that have
mutually orthogonal polarization directions. When the emit-
ted light of one polarization direction passes through the two
polarizers 210 and 220, the polarization direction of the emit-
ted light may be limited by the two polarizers 210 and 220.
The emitted light may have a polarization direction forming
an angle with the polarization directions of both polarizers
210 and 220. Thus, the display effect may be affected.
[0029] FIG. 3 illustrates a schematic view of the structure
of an exemplary liquid crystal display panel according to the
present disclosure. Referring to FIG. 3, the liquid crystal
display panel may include a lower substrate 31, an upper
substrate 32, and a liquid crystal layer 30 sandwiched
between the lower substrate 31 and the upper substrate 32. In
one embodiment, a thin film transistor array may be formed
on the lower substrate 31 to actively drive the liquid crystal
molecules. Such lower substrate 31 may be called an array
substrate. A color filter may be formed on the upper substrate
32 to display colors. Such upper substrate may be called a
color filter substrate.

[0030] Specifically, the lower substrate 31 may include a
transparent base substrate 310. A buffer layer 311, an active
layer 35, a gate insulating layer 312, a gate electrode 38, a gate
line (not shown), a first insulating layer 313, a source elec-
trode 36, a drain electrode 37, and a data line (not shown) may
be formed sequentially on the transparent substrate 310. The
gate electrode 38 and the gate line may be coplanar with each
other. The source electrode 36, the drain electrode 37 and the
data line may be coplanar with each other and may be formed
on the first insulating layer 313.

[0031] The data line may be electrically connected to the
source electrode 36. The source electrode 36, the drain elec-
trode 37, the data line, and the first insulating layer 313 may
be covered by a lower planarization layer 314. The lower
planarization layer 314 may provide polarizing function. In
other words, a lower regionalized polarizer 10 may be formed
in the lower planarization layer 314.

[0032] A first electrode 315 and a second electrode 317
may be formed on the planarization layer 314. The first elec-
trode 315 and the second electrode 317 may be separated by
a second insulating layer 316. The second insulating layer
316 may be formed to cover the first electrode 315 and the
planarization layer 314. A lower alignment layer 318 may be
formed to cover the second electrode 317 and the second
insulating layer 316. The lower alignment layer 318 may
contact the liquid crystal layer 30 to provide an initial align-
ment direction to the liquid crystal molecules on the side of
the liquid crystal layer 30 facing toward the lower substrate
31

[0033] The lower planarization layer 314 may be made of
one or more of acrylic resin, naphthoquinone diazide ester,
1,4-dioxane, coupling agent, diethylene glycol ethyl methyl
ether, and propylene glycol methyl ether acetate, etc. The
fluidity of these materials may make it desirable to fill the
gaps and steps caused by the thickness differences when the
data lines and the gate insulating layer 312, etc. are formed.
[0034] The lower planarization layer 314 may be formed
with a flat surface. When the first electrode 315 is formed on
the lower planarization layer 314, the surface flatness may be
ensured. Subsequently, a uniform distance between the first
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electrodes 315 and the second electrodes 317 may be
obtained to increase the distribution uniformity of the electric
field between the first electrode 315 and the second electrode
317. At the same time, the lower planarization layer 314 may
be used to reduce the coupling capacitance between the first
electrode 315 and metal lines such as the data line to improve
the display effect of the liquid crystal display panel. Further,
the lower planarization layer 314 may be doped with a dich-
roic organic dye. When the dye coating process is completed,
lower regionalized polarizers 10 with different polarization
directions may be formed through optical alignment.

[0035] Further, the first electrode 315 may be a common
electrode, and the second electrode 317 may be a pixel elec-
trode. Through a through-hole 39 penetrating the second
insulating layer 316, the first electrode 315, and the lower
planarization layer 314, the second electrode 317 may be
electrically connected to the drain electrode 37. The first
electrode 315 and the second electrode 317 may be used to
provide a liquid crystal display panel with a horizontal elec-
tric field parallel to the direction of the surface of the lower
substrate 31. The horizontal electric field may be used to drive
the liquid crystal molecules in the liquid crystal layer 30 to
rotate to alter the polarization direction of the incidental light.
[0036] The upper substrate 32 may include a transparent
base substrate 320. A color filter 40, an upper planarization
layer 321, and an upper alignment layer 322 may be formed
sequentially on the transparent base substrate 320. For
example, a color filter 40 may be formed on the side of the
transparent base substrate 320 facing toward the lower sub-
strate, an upper planarization layer 321 may be formed on the
color filter 40, and an upper alignment layer 322 may be
formed on the upper planarization layer 321. The upper align-
ment layer 322 may contact the liquid crystal layer 30 to
provide an initial alignment direction to the liquid crystal
molecules on the side of the liquid crystal layer 30 facing
toward the upper substrate 32. The upper alignment layer 322
may have arubbing direction same as the rubbing direction of
the lower alignment layer 318. In one embodiment, the upper
planarization layer 321 may provide polarizing function. In
other words, an upper regionalized polarizer 20 may be
formed in the upper planarization layer 321.

[0037] In one embodiment, the lower regionalized polar-
izer 10 may be coplanar with the lower planarization layer
314, and the upper regionalized polarizer 20 may be coplanar
with the upper planarization layer 321. No additional films
may be needed to form the polarizers. In the meantime, no
polarizers may be pasted or attached on the lower substrate 31
and the upper substrate 32. Thus, the overall thickness of the
liquid crystal display panel may be reduced to provide a light
weight, thin and low cost display product.

[0038] FIG. 4 illustrates a schematic view of an exemplary
lower regionalized polarizer according to the present disclo-
sure. Referring to FIG. 4, the specific configuration of the
polarization directions of the lower regionalized polarizer 10
is provided. The lower regionalized polarizer 10 may include
aplurality of first lower polarizing units 11 and second lower
polarizing units 12. The first lower polarizing units 11 and the
second lower polarizing units 12 may have mutually orthogo-
nal polarization directions.

[0039] Accordingly, FIG. 5 illustrates a schematic view of
polarization direction changes when light passes through the
liquid crystal display panel shown in FIG. 3. Referring to FIG.
5, the upper regionalized polarizer 20 may include a plurality
of first upper polarizing units 21 and second upper polarizing
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units 22. The first upper polarizing units 21 may correspond
to the first lower polarizing units 11. The second upper polar-
izing units 22 may correspond to the second lower polarizing
units 12. The first upper polarizing units 21 and the first lower
polarizing units 11 may have mutually orthogonal polariza-
tion directions. The second upper polarizing units 22 and the
second lower polarizing units 12 may have mutually orthogo-
nal polarization directions.

[0040] In one embodiment, the lower alignment layer 318
may, but is not limited to, have an alignment direction mutu-
ally parallel with the polarization direction of the first lower
polarizing units 11 and mutually orthogonal to the polariza-
tion direction of the second lower polarizing units 12. Alter-
natively, the lower alignment layer 318 may have an align-
ment direction mutually orthogonal to the polarization
direction of the first lower polarizing units 11 and mutually
parallel with the polarization direction of the second lower
polarizing units 12.

[0041] Referring back to FIG. 4, the color filter 40 disposed
on the upper substrate 32 may include a plurality of color
barriers, corresponding to a plurality of sub-pixel units on the
lower substrate 31. In one embodiment, the color filter 40 may
include a plurality of first color barriers 41, second color
barriers 42, and third color barriers 43 for displaying various
colors. The first color barriers 41, the second color barriers 42,
and the third color barriers 43 may be arranged alternately and
repeatedly in rows on the color filter 40. Color barriers dis-
playing same color may be arranged in columns on the color
filter 40. For example, first color barriers 41 may be arranged
in one column, and second color barriers 42 may be arranged
in adjacent column.

[0042] In one embodiment, the first lower polarizing units
11 and the second lower polarizing units 12 of the lower
regionalized polarizer 10 may correspond to a different color
barrier respectively. The first lower polarizing units 11 and the
second lower polarizing units 12 may be arranged alternately
and repeatedly in rows on the color filter 40.

[0043] Forexample, a first lower polarizing unit 11 may be
arranged corresponding to a first color barrier 41, a second
lower polarizing unit 12 may be arranged corresponding to a
second color barrier 42, and a first lower polarizing unit 11
may be arranged corresponding to a third color barrier 43, etc.
Such arrangement may be repeated in such order when being
arranged in a row. The first lower polarizing units 11 and the
second lower polarizing units 12 may be arranged alternately
and repeatedly in a column on the color filter 40. In other
words, two first lower polarizing unit 11 or two second lower
polarizing unit 12 may not be adjacent to each other in rows or
in columns on the color filter 40.

[0044] FIG. 6 illustrates a schematic view of the relation-
ship between the liquid crystal molecules and the polarization
directions in an exemplary liquid crystal display panel
according to the present disclosure. Referring to FIG. 6, the
polarization direction change may be further illustrated when
light passes the liquid crystal display panel according to the
present disclosure. In addition to the upper regionalized
polarizer 20, the lower regionalized polarizer 10, and the
liquid crystal layer 30 shown in FIG. 5, the rotation of the
liquid crystal molecules disposed between the two polarizing
units of the upper regionalized polarizer 20 and the lower
regionalized polarizer 10 may be illustrated in FIG. 6.
[0045] Specifically, when the voltage applied to the liquid
crystal molecules in the liquid crystal layer 30 is smaller than
the liquid crystal threshold voltage, the liquid crystal mol-
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ecules at the interfaces of the lower substrate 31 and the upper
substrate 32 may be aligned under the electric field driven by
the first electrode 315 and the second electrode 317 in the
alignment directions of the lower alignment layer 318 and the
upper alignment layer 322 respectively. In other words, the
liquid crystal molecules may be aligned in the polarization
directions of the first lower polarizing unit 11 on the lower
regionalized polarizer 10 and the second upper polarizing
unit 22 on the upper regionalized polarizer 20, respectively.
Thus, the light emitted from the backlight source (not shown)
on the side of the lower substrate 31 facing away from the
upper substrate 32 may be blocked substantially at the first
lower polarizing units 11 and the second upper polarizing
units 22 by the lower regionalized polarizer 10 and the upper
regionalized polarizer 20 with mutually orthogonal polariza-
tion directions. Accordingly, the liquid crystal display panel
may be in the dark state.

[0046] When the voltage applied to the liquid crystal mol-
ecules in the liquid crystal layer 30 is greater than the liquid
crystal threshold voltage, the liquid crystal molecules in the
liquid crystal layer 30 may rotate in planes parallel with the
surface of the lower substrate 31 and the upper substrate 32.
The liquid crystal molecules may be aligned in an alignment
direction forming an acute angle (not equal to 0 degree or 90
degrees) with the polarization directions of the lower region-
alized polarizer 10 and the upper regionalized polarizer 20.
For example, the liquid crystal molecules disposed between
the second lower polarizing unit 12 and the second upper
polarizing unit 22 as shown in FIG. 6 may rotate to an align-
ment direction forming an angle 61 with the polarization
direction of the second lower polarizing unit 12 and an angle
02 with the polarization direction of the second upper polar-
izing unit 22, wherein, 0°<01=45°, and 0°<02<45°.

[0047] An incident light may pass the second lower polar-
izing units 12 to become a linearly polarized light with a
polarization direction same as the polarization direction of
the second lower polarizing units 12. When passing through
the liquid crystal molecules, the linearly polarized light may
rotate the polarization direction to pass through the second
upper polarizing units 22 to become the emitted light for
displaying images. The light emitted from the second upper
polarizing units 22 may be a linearly polarized light with a
polarization direction parallel with the polarization direction
of the second upper polarizing units 22.

[0048] Similarly, the light emitted from the first upper
polarizing units 21 may be a linearly polarized light with a
polarization direction parallel with the polarization direction
of the first upper polarizing units 21. Because the first upper
polarizing units 21 and the second upper polarizing units 22
have mutually orthogonal polarization directions, the light
emitted from the liquid crystal display panel may be guaran-
teed to have two mutually orthogonal polarization directions.
So the light emitted from the liquid crystal display panel may
be similar to natural light. Thus, the viewer wearing polarized
glasses 200 may observe a desirable display effect.

[0049] The liquid crystal display panel according to the
present disclosure may have different numbers and different
distribution patterns of the lower regionalized polarizers 10
and the upper regionalized polarizers 20.

[0050] FIG. 7illustrates a schematic view of another exem-
plary lower regionalized polarizer according to the present
disclosure. Referring to FIG. 7, a similar liquid crystal display
panel may be provided. The color filter 40 disposed on the
upper substrate 32 may include a plurality of color barriers
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corresponding to a plurality of sub-pixel units disposed on the
lower substrate 31. The color filter 40 may include first color
barriers 41, second color barriers 42, and third color barriers
43 for displaying different colors. The first color barriers 41,
the second color barriers 42, and the third color barriers 43
may be arranged alternately and repeatedly in rows on the
color filter 40. Color barriers displaying same color may be
arranged in columns on the color filter 40. For example, first
color barriers 41 may be arranged in one column, and second
color barriers 42 may be arranged in adjacent column. A first
color barrier 41, a second color barrier 42, and a third color
barrier 43 may form a color barrier unit.

[0051] Thelower regionalized polarizer 10 shown in FIG. 7
may be different from other embodiments above because the
lower regionalized polarizer 10 has each first lower polarizing
unit 11 corresponding to three adjacent color barriers and
each second lower polarizing unit 12 corresponding to three
adjacent color barriers. For example, a color barrier unit
including a first color barrier 41, a second color barrier 42,
and a third color barrier 43 may be arranged in a row on the
color filter 40 in each first lower polarizing unit 11. Similarly,
two first lower polarizing units 11 or two second lower polar-
izing units 12 may not be arranged adjacently in rows or
columns on the color filter 40.

[0052] In one embodiment, the first color barrier 41, the
second color barrier 42, and the third color barrier 43 may be
ared (R)colorbarrier, a green (G) color barrier, and a blue (B)
color barrier respectively.

[0053] In one embodiment, each polarizing unit may cor-
respond to a color barrier, and the first lower polarizing units
11 and the second lower polarizing units 12 may have same
number of corresponding color barriers. In another embodi-
ment, each polarizing unit may correspond to three color
barriers, and the first lower polarizing units 11 and the second
lower polarizing units 12 may have same number of corre-
sponding color barriers.

[0054] In another embodiment, the first lower polarizing
units 11 and the second lower polarizing units 12 may have
different numbers of corresponding color barriers as long as
the first upper polarizing units 21 and the first lower polariz-
ing units 11 have same number of corresponding color barri-
ers, and the second upper polarizing units 22 and the second
lower polarizing units 12 have same number of corresponding
color barriers. For example, a first lower polarizing unit 11
may correspond to M number of color barriers, and a second
lower polarizing unit 12 may correspond to N number of color
barriers. M and N may be different positive integers, and
Mz=1, N=z1. The emitted light may still have two mutually
orthogonal polarization directions, and may be similar to
natural light.

[0055] FIG. 8 illustrates a schematic view of another exem-
plary lower regionalized polarizer according to the present
disclosure. Referring to FIG. 8, a similar liquid crystal display
panel may be provided. The color filter 40 disposed on the
upper substrate 32 may include a plurality of color barriers
corresponding to a plurality of sub-pixel units disposed on the
lower substrate 31. The color filter 40 may include first color
barriers 41, second color barriers 42, and third color barriers
43 for displaying different colors. The first color barriers 41,
the second color barriers 42, and the third color barriers 43
may be arranged alternately and repeatedly in rows on the
color filter 40. Color barriers displaying same color may be
arranged in columns on the color filter 40. For example, each
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column of the color filter 40 may include only first color
barriers 41 or only second color barriers 42.

[0056] Thelower regionalized polarizer 10 shownin FI1G. 8
may be different from other embodiments above because the
lower regionalized polarizer 10 has each first lower polarizing
unit 11 corresponding to one row of color barriers and each
second lower polarizing unit 12 corresponding to another row
of color barriers. Color barriers of different colors may be
arranged alternately and repeatedly ina row on the color filter
40. For example, a first lower polarizing unit 11 may corre-
spond to the first row of color barriers on the color filter 40,
and a second lower polarizing unit may correspond to the
second row of color barriers on the color filter 40. Similarly,
two first lower polarizing units 11 or two second lower polar-
izing units 12 may not be arranged adjacently in the column
direction on the color filter 40.

[0057] FIG. 9 illustrates a schematic view of the structure
of another exemplary lower regionalized polarizer according
to the present disclosure. Referring to FI1G. 9, a similar liquid
crystal display panel may be provided. The color filter 40
disposed on the upper substrate 32 may include a plurality of
color barriers corresponding to a plurality of sub-pixel units
disposed on the lower substrate 31. The color filter 40 may
include first color barriers 41, second color barriers 42, and
third color barriers 43 for displaying different colors. The first
color barriers 41, the second color barriers 42, and the third
color barriers 43 may be arranged alternately and repeatedly
in columns on the color filter 40. Color barriers displaying
same color may be arranged in rows on the color filter 40. For
example, each row on the color filter 40 may include only first
color barriers 41 or only second color barriers 42.

[0058] Thelower regionalized polarizer 10 shownin F1G. 9
may be different from other embodiments above because the
lower regionalized polarizer 10 has each first lower polarizing
unit 11 corresponding to one column of color barriers and
each second lower polarizing unit 12 corresponding to
another column of color barriers. Color barriers of different
colors may be arranged alternately and repeatedly in a col-
umn on color filter 40. For example, a first lower polarizing
unit 11 may correspond to the first column of colorbarriers on
the color filter 40, and a second lower polarizing unit may
correspond to the second column of color barriers on the color
filter 40. Similarly, two first lower polarizing units 11 or two
second lower polarizing units 12 may not be arranged adja-
cently in a row direction on the color filter 40.

[0059] In certain embodiments, each polarizing unit may
correspond to a row of color barriers. The first lower polariz-
ing units 11 and the second lower polarizing units 12 may
correspond to equal number of rows. In certain other embodi-
ment, each polarizing unit may correspond to a column of
color barriers. The first lower polarizing units 11 and the
second lower polarizing units 12 may correspond to equal
number of columns.

[0060] In other embodiments, the first lower polarizing
units 11 and the second lower polarizing units 12 may have
different numbers of rows (or columns) of color barriers as
long as the first upper polarizing units 21 and the first lower
polarizing units 11 have same number of rows (or columns) of
color barriers, and the second upper polarizing units 22 and
the second lower polarizing units 12 have same number of
rows (or columns) of color barriers. For example, first lower
polarizing units 11 may correspond to M rows (columns) of
color barriers, and second lower polarizing units 12 may
correspond to N rows (columns) of color barriers. M and N
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may be different positive integers, and M=1, N=1. The emit-
ted light may still have two mutually orthogonal polarization
directions, and may be similar to natural light.

[0061] Inthe liquid crystal display panel, the lower region-
alized polarizer 10 is not limited to being disposed coplanar
with the lower planarization layer 314 on the lower substrate
31, and the upper regionalized polarizer 20 is not limited to
being disposed coplanar with the upper planarization layer
322 on the upper substrate 32 as long as the lower regional-
ized polarizer 10 is on the lower side of the liquid crystal layer
30, and the upper regionalized polarizer 20 is on the upper
side of the liquid crystal layer 30. In certain embodiments, the
lower regionalized polarizer 10 and the upper regionalized
polarizer 20 may be disposed independently on the lower
substrate 31 and the upper substrate 32 respectively rather
than being disposed coplanar with any layer of the liquid
crystal display panel.

[0062] The present disclosure also provides a method of
fabricating the liquid crystal display panel described above.
The method of fabricating the liquid crystal display panel
shown in FIG. 3 may be illustrated. The fabrication method
may include a lower substrate fabrication process, an upper
substrate fabrication process, and a liquid crystal dropping
and bonding process.

[0063] The lower substrate 31 fabrication process may
include the following steps.

[0064] Referring back to FIG. 3, a transparent base sub-
strate 310 may be formed. The transparent base substrate 310
may be made of glass or other suitable transparent material. A
disilane gas may be used as the source gas in a plasma chemi-
cal vapor deposition (CVD) process to form a polysilicon
material film. Laser beams may be used to cure the polysili-
con material film to form a polysilicon film. A photolithog-
raphy patterning process may be applied to the polysilicon
film to form an active layer 35. Optionally, the plasma CVD
process may be used to form a silicon oxide or silicon nitride
film between the transparent base substrate 310 and the active
layer 35. The silicon oxide or silicon nitride film may serve as
asubstrate bottom film or buffer layer 311 to protect the active
layer 35 from being affected by the impurity particles on the
transparent base substrate 310.

[0065] Next, a plasma CVD process may be used to form a
silicon oxide or silicon nitride film on the entire surface of the
lower substrate already including the active layer 35. The
silicon oxide or silicon nitride film may serve as a gate insu-
lating layer 312. The active layer 35 may be doped with
phosphorus or boron impurities through the gate insulating
layer 312. Further, a sputtering process may be used to
sequentially form a molybdenum film and an aluminum film
on the entire surface of the gate insulating layer 312. And
then, a photolithography patterning process may be used to
form a gate electrode 38 and a gate line (not shown), etc. Next,
the gate line may be used as a mask to heavily dope the active
layer 35 with ions such as phosphorus or boron ions through
the gate insulating layer 312 to form a channel region where
the active layer 35 and the gate electrode 38 partially overlap,
a source region in contact with the source electrode 36, and a
drain region in contact with the drain electrode 37.

[0066] Next,aplasma CVD processmay beused to sequen-
tially form a silicon nitride film, a silicon oxide film, and
another silicon nitride film on the gate insulating layer 312.
The silicon nitride film, the silicon oxide film, and another
silicon nitride film may be stacked together to form a first
insulating layer 313. The portion of the gate insulating layer
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312 and the first insulating layer 313 overlapping with the
active layer 35 may be etched to form active contact holes 361
and 371.

[0067] Further, a sputtering process may be used to sequen-
tially form a titanium film, an aluminum film and another
titanium film on the entire surface of the first insulating layer
313 along with the active contact holes 361 and 371. Then a
photolithography patterning process may be used to form a
source electrode 36, a drain electrode 37, and data lines (not
shown). Further, a coating and an optical alignment processes
may be combined to form a lower planarization layer 314 and
a lower regionalized polarizer 10 on the entire surface of the
lower substrate 31 along with the source electrode 36, the
drain electrode 37 and the data lines. The lower planarization
layer 314 and the lower regionalized polarizer 10 may be
coplanar with each other. Specifically, the process of forming
the lower planarization layer 314 and the lower regionalized
polarizer 10 may include the following steps.

[0068] Step one: spin coating an organic film forming
material on the entire substrate formed with a source elec-
trode 36, a drain electrode 37, and data lines.

[0069] Specifically, an acrylic resin solution including a
mixture of acrylic resin, naphthoquinone diazide ester, 1,4-
dioxane, coupling agent, diethylene glycol ethyl methyl
ether, and propylene glycol methyl ether acetate may be pro-
vided. Then, an optical alignment prepolymer mixed with a
dichroic organic dye may be mixed in certain proportions
with the acrylic resin solution described above to produce an
organic film forming material. Next, the organic film forming
material may be spin coated over the source electrode 36, the
drain electrode 37, the data lines, and the entire surface of the
lower substrate 31. Alternatively, the dichroic organic dye
may be mixed with the acrylic resin solution described above
to produce the organic film forming material. In one embodi-
ment, the optical alignment prepolymer may be made of
photosensitive polyimide, and the dichroic organic dye may
be, for example, an azo dye.

[0070] Step two: pre-curing the organic film forming mate-
rial coated over the entire surface of the lower substrate to
form a lower planarization layer 314.

[0071] Inthe process of spin coating and before the process
of pre-curing, due to the fluidity characteristics, the acrylic
resin solution described above may be able to fill the gaps and
steps caused by the thickness differences when the gate insu-
lating layer 312 and the first insulating layer 313 are formed
through a CVD process. After the process of pre-curing, a flat
surface lower planarization layer 314 may be obtained.

[0072] Step three: providing an ultra violet light source
emitting an ultra violet light with a wavelength range, for
example, approximately between 254 nm and 313 nm, and
producing a first linearly polarized light R1 after the ultra
violet light passes through a polarizer G, for example, a
metallic wire-grid polarizer. Then, the first linearly polarized
light R1 may pass through a first mask M1 and may irradiate
the lower planarization layer 314.

[0073] The first mask M1 may have a light-transmitting
portion T1 and the rest of the first mask M1 may be a light-
shielding portion. The first linearly polarized light R1 may
pass through the light-transmitting portion T1 of the first
mask M1 to shine on the portion of the lower planarization
layer 314 that overlaps with the light-transmitting portion T1.
The dichroic organic dye in the portion of the lower planariza-
tion layer 314 exposed to the first linearly polarized light R1
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may be aligned to a certain polarization direction. Thus, first
lower polarizing units 11 may be formed.

[0074] Step four: adjusting the relative position between
the polarizer G and the substrate formed with the first lower
polarizing units 11 on the lower planarization player 314 by
horizontally rotating the substrate by 90 degrees, or horizon-
tally rotating the polarizer G by 90 degrees without changing
the substrate position, and replacing the first mask M1 with a
second mask M2 between the polarizer G and the lower
planarization layer 314. The second mask M2 may have a
light-transmitting portion T2 and the rest of the second mask
M2 may be a light-shielding portion.

[0075] A second linearly polarized light R2 may pass
through the light-transmitting portion T2 of the second mask
M2 to shine on the portion of the lower planarization layer
314 that overlaps with the light-transmitting portion T2. The
dichroic organic dye in the portion of the lower planarization
layer 314 exposed to the second linearly polarized light R2
may be aligned to a different polarization direction. Thus,
second lower polarizing units 12 may be formed. The first
lower polarizing units 11 and the second lower polarizing
units 12 may have mutually orthogonal polarization direc-
tions.

[0076] Step five: curing the lower planarization layer 314
formed with the above regionalized polarizing procedure by,
for example, performing a second high temperature curing.
The second curing may have a high temperature approxi-
mately at 230 degrees Celsius. The curing may enhance the
anisotropy feature of the first lower polarizing units 11 and
the second lower polarizing units 12. Thus, a lower regional-
ized polarizer 10 may be formed coplanar with the lower
planarization layer 314.

[0077] Referring back to FIG. 3, a sputtering process may
be used to form an indium tin oxide (ITO) film over the entire
surface of the lower substrate after the through-hole 371 is
formed in the planarization layer 314. Then, a photolithogra-
phy patterning process may be used to form a first electrode
315. Next, aplasma CVD process may be used to sequentially
form a silicon nitride film, a silicon oxide film and a silicon
nitride film and to stack the three films to form a second
insulating layer 316. Again, a sputtering process may be used
to form an ITO film, and then a photolithography patterning
process may be used to form a second electrode 317. The
second electrode 317 may be electrically connected to the
drain electrode 37 through the through-hole 371 that sequen-
tially penetrates the second insulating layer 316, the first
electrode 315, and the lower planarization layer 314. Thus,
the second electrode 317 may become a pixel electrode.
[0078] Finally, for example, a printing process may be used
to coat a polyimide resin layer on the entire surface of the
lower substrate already formed with the second electrode
317, and the polyimide resin layer may be rubbed to form a
lower alignment layer 318. Alternatively, for example, a
printing process may be used to coat a photosensitive poly-
imide resin layer on the entire surface of the lower substrate
already formed with the second electrode 317, and the pho-
tosensitive polyimide resin layer may be subject to an optical
alignment process to form a lower alignment layer 318. At
this point, the lower substrate 31 fabrication may be com-
pleted.

[0079] The upper substrate 32 fabrication process may
include the following steps.

[0080] Referring back to FIG. 3, a transparent base sub-
strate 320 may be formed. The transparent base substrate 320
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may be made of glass or other suitable transparent material. A
color filter 40 may be formed on the transparent base substrate
320. A coating and an optical alignment process may be
combined to form an upper planarization layer 321 and an
upper regionalized polarizer 20. The upper planarization
layer 321 and the upper regionalized polarizer 20 may be
coplanar with each other. Specifically, the process of forming
the upper planarization layer 321 and the upper regionalized
polarizer 20 may be similar to the process of forming the
lower planarization layer 314 and the lower regionalized
polarizer 10 and will not be repeated herein.

[0081] The upper regionalized polarizer 20 may include
first upper polarizing units 21 and second upper polarizing
units 22. The first upper polarizing units 21 and the second
upper polarizing units 22 may have mutually orthogonal
polarization directions. At the same time, the first upper polar-
izing units 21 and the second upper polarizing units 22 of the
upper regionalized polarizer 20 may correspond to the first
lower polarizing units 11 and the second lower polarizing
units 12 of the lower regionalized polarizer 10. The firstupper
polarizing units 21 and the first lower polarizing units 11 may
have mutually orthogonal polarization directions, and the
second upper polarizing units 22 and the second lower polar-
izing units 12 may have mutually orthogonal polarization
directions.

[0082] Finally, forexample, a printing process may be used
to coat a polyimide resin layer on the entire surface of the
upper substrate already formed with the upper planarization
layer 321 (and the upper regionalized polarizer 20), and the
polyimide resin layer may be rubbed to form an upper align-
ment layer 322. Alternatively, for example, a printing process
may be used to coat a photosensitive polyimide resin layer on
the entire surface of the upper substrate already formed with
the upper planarization layer 321 (and the upper regionalized
polarizer 20), and the photosensitive polyimide resin layer
may be subject to an optical alignment process to form an
upper alignment layer 322. At this point, the upper substrate
32 fabrication may be completed.

[0083] The procedure for dropping liquid crystals and for
bonding the lower substrate 31 and the upper substrate 32
may include the following steps.

[0084] First, for example, a dispenser may be used to form
a frame made of a sealing material such as a UV light cured
resin or a thermally cured resin on the upper substrate 32.
Then, liquid crystals may be dropped onto the upper substrate
32 inside the sealing material frame.

[0085] Further, under a reduced air pressure, the upper sub-
strate 32 with the liquid crystal drops may be bonded with the
previously fabricated lower substrate 31. The liquid crystals
may be sealed between the bonded substrates. When returned
to the normal atmospheric pressure, the bonded substrates
may be pressed together. Next, the sealing material sand-
wiched between the bonded substrates may be cured by an
ultra violet light, and may be further cured by a high tempera-
ture. At this point, the fabrication of the liquid crystal display
panel shown in FIG. 3 may be completed.

[0086] In addition, the present disclosure provides another
method of fabricating the liquid crystal display panel. In one
embodiment, the lower regionalized polarizer 10 and the
upper regionalized polarizer 20 may be formed as indepen-
dent films, and may not be coplanar with any other layers on
the lower or upper substrate. Similarly, the method may
include a process of fabricating the lower substrate, a process
of fabricating the upper substrate, and a process of liquid
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crystal dropping and substrate bonding. Further, the method
according to the present disclosure may include a process of
fabricating the lower regionalized polarizer 10 and the upper
regionalized polarizer 20. The process of fabricating the
lower regionalized polarizer 10 may include the following
steps.

[0087] Step one: spin coating an organic film forming
material containing a dichroic organic dye on the entire sub-
strate.

[0088] Specifically, in one embodiment, the organic film
forming material may be, for example, a photosensitive poly-
imide, and the dichroic organic dye may be, for example, an
azo dye.

[0089] Step two: providing an ultra violet light source emit-
ting an ultra violet light with a wavelength range, for example,
approximately between 254 nm and 313 nm, and producing a
first linearly polarized light R1 after the ultra violet light
passes through a polarizer G, for example, a metal-grating
polarizer. Then, the first linearly polarized light R1 may pass
through a first mask M1 and may irradiate the organic film
forming material. The first mask M1 may have a light-trans-
mitting portion T1 and the rest of the first mask M1 may be a
light-shielding portion. The first linearly polarized light R1
may pass through the light-transmitting portion T1 of the first
mask M1 to shine on the portion of the organic film forming
material that overlaps with the light-transmitting portion T1.
The dichroic organic dye in the portion of the organic film
forming material exposed to the first linearly polarized light
R1 may be aligned to a certain polarization direction. Thus,
first lower polarizing units 11 may be formed.

[0090] Step three: adjusting the relative position between
the polarizer G and the substrate formed with the first lower
polarizing units 11 on the organic film forming material by
horizontally rotating the substrate by 90 degrees, or horizon-
tally rotating the polarizer G by 90 degrees without changing
the substrate position, and replacing the first mask M1 with a
second mask M2 between the polarizer G and the organic film
forming material. The second mask M2 may have a light-
transmitting portion T2 and the rest of the second mask M2
may be a light-shielding portion. A second linearly polarized
light R2 may pass through the light-transmitting portion T2 of
the second mask M2 to shine on the portion of the organic film
forming material that overlaps with the light-transmitting
portion T2. The dichroic organic dye in the portion of the
organic film forming material exposed to the second linearly
polarized light R2 may be aligned to a different polarization
direction. Thus, second lower polarizing units 12 may be
formed. The first lower polarizing units 11 and the second
lower polarizing units 12 may have mutually orthogonal
polarization directions.

[0091] Step four: curing the organic film forming material
already formed with the above regionalized polarizing pro-
cedure with a high temperature. For example, the thermal
curing may have a high temperature approximately at 230
degrees. The curing may enhance the anisotropy feature of the
first lower polarizing units 11 and the second lower polarizing
units 12. Thus, a lower regionalized polarizer 10 may be
formed.

[0092] The process of fabricating the upper regionalized
polarizer 20 may be similar to the process of fabricating the
lower regionalized polarizer 10 described above and will not
be repeated herein.

[0093] The present disclosure provides a liquid crystal dis-
play panel including an upper regionalized polarizer and a
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lower regionalized polarizer and a method of fabricating the
liquid crystal display panel. The upper regionalized polarizer
may include first upper polarizing units and second upper
polarizing units. The first upper polarizing units and the sec-
ond upper polarizing units may have mutually orthogonal
polarization directions.
[0094] The lower regionalized polarizer may include first
lower polarizing units and second lower polarizing units. The
first lower polarizing units may correspond to the first upper
polarizing units, and the second lower polarizing units may
correspond to the second upper polarizing units. The first
lower polarizing units and the first upper polarizing units may
have mutually orthogonal polarization directions. The second
lower polarizing units and the second upper polarizing units
may have mutually orthogonal polarization directions.
[0095] The liquid crystal molecules of the liquid crystal
display panel may have paralleled initial alignment directions
at the interfaces of the two glass substrates. One of the polar-
ization directions of the first upper polarizing units and the
second upper polarizing units may be parallel with the initial
alignment direction of the liquid crystal molecules. The other
polarization direction may be mutually orthogonal to the
initial alignment direction ofthe liquid crystal molecules. The
light emitted from the liquid crystal display panel may be
guaranteed to have two mutually orthogonal polarization
directions. So the light emitted from the liquid crystal display
panel may be similar to natural light. Thus, the viewer wear-
ing polarized glasses may observe a desirable display effect.
[0096] The specification above provides detailed descrip-
tions of the liquid crystal display panel and the fabrication
method according to the present disclosure. Various embodi-
ments have been described to illustrate the operation prin-
ciples and exemplary implementations. The embodiments
disclosed herein are exemplary only. Other applications,
advantages, alternations, modifications, or equivalents to the
disclosed embodiments are obvious to those skilled in the art
and are intended to be encompassed within the scope of the
present disclosure.
What is claimed is:
1. A liquid crystal display panel, comprising:
an upper substrate;
a lower substrate configured facing toward the upper sub-
strate;
a liquid crystal layer sandwiched between the upper sub-
strate and the lower substrate;
an upper regionalized polarizer disposed on the upper sub-
strate including a plurality of first upper polarizing units
and second upper polarizing units; and
a lower regionalized polarizer disposed on the lower sub-
strate including a plurality of first lower polarizing units
and second lower polarizing units, wherein:
the first lower polarizing units correspond to the first
upper polarizing units;
the second lower polarizing units correspond to the sec-
ond upper polarizing units;
the first upper polarizing units and the second upper
polarizing units have mutually orthogonal polariza-
tion directions;
the first lower polarizing units and the first upper polar-
izing units have mutually orthogonal polarization
directions; and
the second lower polarizing units and the second upper
polarizing units have mutually orthogonal polariza-
tion directions.
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2. The liquid crystal display panel of claim 1, further
including:
acolor filter, including a plurality of color barriers, wherein
each first upper polarizing unit and each second upper
polarizing unit correspond to at least one color barrier
respectively.
3. The liquid crystal display panel of claim 2, wherein:
the plurality of color barriers are arranged in arrays; and
each first upper polarizing unit and each second upper
polarizing unit correspond to at least one column of
color barriers respectively.
4. The liquid crystal display panel of claim 2, wherein:
the plurality of color barriers are arranged in arrays; and
each first upper polarizing unit and each second upper
polarizing unit correspond to at least one row of color
barriers respectively.
5. The liquid crystal display panel of claim 2, wherein:
each first upper polarizing unit and each second upper
polarizing unit simultaneously correspond to M number
of color barrier respectively;
M is a positive integer; and
Mz=1.
6. The liquid crystal display panel of claim 5, wherein:
the color filter includes a plurality of color bartier units;
each color barrier unit includes a red color barrier, a green
color barrier, and a blue color barrier; and
each first upper polarizing unit and each second upper
polarizing unit correspond to one color barrier unit
respectively.
7. The liquid crystal display panel of claim 2, wherein:
the first upper polarizing units correspond to M number of
color barriers;
the second upper polarizing units correspond to N number
of color barriers;
M and N are not equal;
M and N are positive integers; and
M=1, N=1.
8. The liquid crystal display panel of claim 1, wherein:
the upper substrate is a color filter substrate;
a color filter is configured on the side of the upper substrate
facing toward the lower substrate;
an upper planarization layer is formed on the color filter;
and
the upper regionalized polarizer is configured coplanar
with the upper planarization layer.
9. The liquid crystal display panel of claim 1, wherein:
the lower substrate is an array substrate;
a lower planarization layer is formed on the side of the
lower substrate facing toward the upper substrate; and
the lower regionalized polarizer is configured coplanar
with the lower planarization layer.
10. The liquid crystal display panel of claim 9, wherein the
lower substrate includes:
a plurality of source electrodes, drain electrodes, and data
lines, wherein:
the source electrodes, drain electrodes, and data lines are
coplanar with each other,
source electrodes and data lines are electrically con-
nected; and
the source electrodes, drain electrodes, and data lines are
covered by the lower planarization layer;
a plurality of first electrodes disposed on the lower pla-
narization layer; and
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aplurality of second electrodes disposed on a second insu-
lating layer separating the first electrodes, configured to
form an electric field parallel with the surface of the
lower substrate.

11. The liquid crystal display panel of claim 1, further

including:

a lower alignment layer disposed on a side of the lower
substrate facing toward the upper substrate; and

an upper alignment layer disposed on a side of the upper
substrate facing toward the lower substrate,

wherein the lower alignment layer and the upper alignment
layer have a same alignment direction.

12. A method of fabricating the liquid crystal display panel,

comptrising:

providing a lower substrate;

spin-coating an organic film forming material on the lower
substrate;

providing a first linearly polarized light by passing an ultra
violet light through a polarizer to irradiate the organic
film forming material through a first mask to form a
plurality of first polarizing units;

horizontally rotating the polarizer by 90 degrees or hori-
zontally rotating the lower substrate coated with the
organic film forming material by 90 degrees to obtain a
second linearly polarized light to irradiate the organic
film forming material through a second mask to form a
plurality of second polarizing units, wherein the plural-
ity of second lower polarizing units and the plurality of
first lower polarizing units have mutually orthogonal
polarization directions; and

curing the organic film forming material to form a lower
regionalized polarizer on the lower substrate.

13. The fabrication method of claim 12, wherein:

the organic film forming material includes a dichroic
organic dye; and
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temperature for curing the organic film forming material is
approximately 230 degrees Celsius.
14. The fabrication method of claim 12, after spin-coating

the organic film forming material, further including:

pre-curing the organic film forming material to form a
lower planarization layer such that the lower regional-
ized polarizer and the lower planarization layer are
coplanar,

wherein the organic film forming material includes a dich-
roic organic dye and an acrylic resin solution.

15. The fabrication method of claim 14, wherein:

the acrylic resin solution is made of one or more of acrylic
resin, naphthoquinone diazide ester, 1,4-dioxane, cou-
pling agent, diethylene glycol ethyl methyl ether, and
propylene glycol methyl ether acetate.

16. The fabrication method of claim 14, wherein:

the dichroic organic dye is an azo dye.

17. The fabrication method of ¢laim 12, wherein:

the organic film forming material is made of photosensitive
polyimide.

18. The fabrication method of claim 12, further including:

providing an upper substrate; and

forming an upper regionalized polarizer on the upper sub-
strate.

19. The fabrication method of claim 18, further including:

dropping liquid crystals on the upper substrate; and

bonding the lower substrate and the upper substrate
together.

20. The fabrication method of claim 12, further including:

providing an upper substrate; and

forming an upper planarization layer and an upper region-
alized polarizer in coplanar with each other on the upper
substrate.
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