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(57) ABSTRACT

A liquid crystal panel including a first substrate, a second
substrate, a liquid crystal layer disposed between the first
substrate and the second substrate, a counter electrode, a pixel
array structure, at least one alignment layer and at least one
polymer layer is provided. The counter electrode is disposed
between the liquid crystal layer and the first substrate. The
pixel array structure is disposed between the liquid crystal
layer and the second substrate. The alignment layer is dis-
posed between the counter electrode and the liquid crystal
layer and between the pixel array structure and the liquid
crystal layer. The polymer layer is disposed between the
alignment layer and the liquid crystal layer, and a material of
the polymer layer includes polymer monomers and polym-
ethyl methacrylate (PMMA). A content of PMMA in the
polymer layer is greater than 1 ppm and smaller than 15000
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LIQUID CRYSTAL PANEL AND LIQUID
CRYSTAL MIXTURE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 97135337, filed on Sep. 15, 2008.
The entirety of the above-mentioned patent application is
hereby incorporated by reference herein and made a part of
this specification.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play (LCD) panel. More particularly, the present invention
relates to an LCD panel having a polymer layer for assisting
alignment.

[0004] 2. Description of Related Art

[0005] Fabrication of an LCD includes fabricating an LCD
panel and assembling a liquid crystal module (LCM). The
fabrication of the LCD panel is mainly to package a liquid
crystal layer between a color filter substrate and a pixel array
substrate. To arrange liquid crystal molecules in a specific
inclination angle to achieve a wide viewing angle display
effect, an alignment structure is generally applied to the LCD
panel.

[0006] The commonly used alignment structure includes
alignment protrusions and alignment slits disposed on an
electrode. The liquid crystal molecules in the liquid crystal
layer can be arranged in multi-domain alignment by applying
the alignment protrusions and the alignments slits, so as to
achieve the wide viewing angle display effect. However, the
liquid crystal molecules located around the alignment protru-
sions and the alignment slits generally represent in an
ambiguous disclination, which may lead to dark stripes in the
bright-state or light leakage in the dark-state so that a display
contrast of the LCD panel is decreased. Therefore, a polymer
stablilized alignment (PSA) technique is brought forward.
[0007] According to the PSA technique, monomers are first
doped into the liquid crystal layer located between the color
filter substrate and the pixel array substrate, and a specific
voltage is applied to the liquid crystal layer. Meanwhile, the
liquid crystal layer is irradiated by ultra violet (UV) light
under such specific voltage. Now, the monomers are polymer-
ised and cured to form polymer layers at two sides of the
liquid crystal layer. The molecules of the polymer layer have
a specific configuration, which avails alignment of the liquid
crystal molecules. The arrangement of the liquid crystal mol-
ecules can be more stable according to the PSA technique,
and applying of the alignment protrusions is unnecessary, so
that the LCD panel is not liable to have the problems of dark
stripes in the bright-state or light leakage in the dark-state,
and transmissivity of the LCD panel is improved.

[0008] However, when the monomers are irradiated by the
UV light to form the polymer layer, the monomers have to
absorb enough energy for polymerization. Therefore, during
the PSA process, an exposure time has to be long enough for
performing the polymerization. In other words, productivity
is influenced due to the relatively long exposure time of the
PSA process.

[0009] In detail, if the exposure time is inadequate, curing
of the monomers is incomplete, so that alignment of the liquid
crystal molecules cannot be effectively assisted. Therefore, a

Mar. 18, 2010

response time and performance of the LCD panel are
restrained. If the exposure time is suitably prolonged, the
response time and performance of the liquid crystal mol-
ecules can be meliorated. However, on the other hand, the
productivity ofthe LCD panel is restrained and the contrast of
the LCD panel is decreased. Therefore, the PSA technique
requires to be further improved.

SUMMARY OF THE INVENTION

[0010] The present invention is directed to a LCD panel, in
which liquid crystal molecules have a relatively short
response time.

[0011] The present invention is directed to a liquid crystal
mixture, which requires a relatively short exposure time dur-
ing polymerization.

[0012] The present invention provides an LCD panel
including a first substrate, a second substrate, a liquid crystal
layer, a counter electrode, a pixel array structure, at least one
alignment layer and at least one polymer layer. The liquid
crystal layer is disposed between the first substrate and the
second substrate. The counter electrode is disposed between
the liquid crystal layer and the first substrate. The pixel array
structure is disposed between the liquid crystal layer and the
second substrate. The alignment layer is disposed between
the counter electrode and the liquid crystal layer and between
the pixel array structure and the liquid crystal layer. The
polymer layer is disposed between the alignment layer and
the liquid crystal layer, wherein a material of the polymer
layer includes polymethyl methacrylate (PMMA), and a con-
tent of PMMA in the polymer layer is greater than 1 ppm and
less than 15000 ppm.

[0013] Inanembodiment ofthe present invention, the con-
tent of PMMA in the polymer layer is less than 5000 ppm.
[0014] Inanembodiment of the present invention, the con-
tent of PMMA in the polymer layer is 500 ppm.

[0015] In an embodiment of the present invention, the
material of the polymer layer further includes alkyl deriva-
tives of PMMA.

[0016] Inan embodiment of the present invention, a mate-
rial of the alignment layer includes polyimide.

[0017] Inanembodiment ofthe present invention, the poly-
mer layer further includes a plurality of polymers polymer-
ized from a plurality of light-polymerizable monomers, a
plurality of thermal-polymerizable monomers or a combina-
tion thereof. To be specific, materials of the polymers poly-
merized from the polymerizable monomers include acrylate
resin, methyl acrylate resin, vinyl resin, vinyloxy resin, epoxy
resin or combinations thereof.

[0018] The present invention also provides a liquid crystal
mixture including a liquid crystal material and a mixed mate-
rial. The mixed material is evenly mixed with the liquid
crystal material, wherein the mixed material includes a plu-
rality of polymerizable monomer molecules and PMMA, and
a content of PMMA in the mixed material is greater than 1
ppm and less than 15000 ppm.

[0019] Inanembodiment ofthe present invention, the con-
tent of PMMA in the mixed material is less than 5000 ppm.
[0020] Inanembodiment of the present invention, the con-
tent of PMMA in a polymer layer is 500 ppm.

[0021] In an embodiment of the present invention, the
material of the mixed material further includes alkyl deriva-
tives of t PMMA.

[0022] Inanembodimentofthe presentinvention, the poly-
merizable monomer molecules are a plurality of light-poly-



US 2010/0066959 A1

merizable monomer molecules, a plurality of thermal-poly-
merizable monomer molecules or a combination thereof.
[0023] Inan embodiment of the present invention, a mate-
rial of the polymerizable monomer molecules includes acry-
late resin monomer molecules, methyl acrylate resin mono-
mer molecules, vinyl resin, vinyloxy resin monomer
molecules, epoxy resin monomer molecules or combinations
thereof.

[0024] In the present invention, since PMMA is added to
the liquid crystal mixture, an exposure time required for a
PSA process is relatively short. Moreover, the response time
of the liquid crystal molecules of the LCD panel is relatively
short, so that the LCD panel of the present invention has
relatively high display quality.

[0025] In order to make the aforementioned and other
objects, features and advantages of the present invention
comprehensible, a preferred embodiment accompanied with
figures is described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate embodiments of the invention and,
together with the description, serve to explain the principles
of the invention.

[0027] FIG. 1 is a schematic diagram illustrating an LCD
panel according to an embodiment of the present invention.
[0028] FIG. 2A and FIG. 2B are schematic diagrams illus-
trating two steps of a curing process according to an embodi-
ment of the present invention.

[0029] FIG. 3A is a comparison diagram illustrating
response time of an LCD panel of the present embodiment
and a conventional LCD panel when liquid crystal molecules
thereof are changed from a standby state to a display state and
again changed to the standby state under different voltages.
[0030] FIG. 3B is a comparison diagram illustrating time
required by an LCD panel of the present embodiment and a
conventional LCD panel when liquid crystal molecules
thereof are changed from a standby state to a display state
under different voltages.

DESCRIPTION OF EMBODIMENTS

[0031] FIG. 1 is a schematic diagram illustrating a LCD
panel according to an embodiment of the present invention.
Referring to FIG. 1, the LCD panel 100 includes a first sub-
strate 110, a second substrate 120, a liquid crystal layer 130,
a counter electrode 140, a pixel array structure 150, at least
one alignment layer 160 and at least one polymer layer 170.
The liquid crystal layer 130 is disposed between the first
substrate 110 and the second substrate 120. The counter elec-
trode 140 is disposed between the liquid crystal layer 130 and
the first substrate 110. The pixel array structure 150 is dis-
posed between the liquid crystal layer 130 and the second
substrate 120. Moreover, the alignment layer (or referred to as
bottom alignment layer) 160 is disposed between the counter
electrode 140 and the liquid crystal layer 130 and between the
pixel array structure 150 and the liquid crystal layer 130. The
polymer layer (or referred to as polymer stabilized alignment
(PSA) layer or top alignment layer) 170 is disposed between
the alignment layer 160 and the liquid crystal layer 130,
wherein the polymer layer 170 has polymethyl methacrylate
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(PMMA) 174, and a content of PMMA 174 in the polymer
layer 170 is greater than 1 ppm and less than 15000 ppm.

[0032] Inthe present embodiment, the alignment layer 160
for example includes two layers respectively located on a top
side and a bottom side of the liquid crystal layer. Meanwhile,
two layers of the polymer layer 170 are taken as an example
in the present embodiment, though the present invention is
not limited thereto.

[0033] In the present embodiment, the content of PMMA
174 in the polymer layer 170 is less than 5000 ppm. More-
over, the material of the polymer layer 170 can further include
alkyl derivatives of PMMA. In addition, the polymer layer
170 further includes a plurality of polymers 172 polymerized
from a plurality of light-polymerizable monomer molecules,
aplurality of thermal-polymerizable monomer molecules ora
combination thereof. In the present embodiment, the poly-
merizable monomer molecules include acrylate resin mono-
mer molecules, methyl acrylate resin monomer molecules,
vinyl resin monomer molecules, vinyloxy resin monomer
molecules, epoxy resin monomer molecules or combinations
thereof.

[0034] The polymerizable monomer molecules can be
selected from one of compounds 1, IT and I, and the com-
pound I is represented by a following formula:

Py-Spi-Xy \ | / R,

L

the compound II is represented by a following formula:

Lm m

iy

the compound III is represented by a following formula:

(111]

P-Sp1-X;

Herein, “R” is a hydrogen atom, a fluorine atom, a chlorine
atom, a cyano group (—CN), a thiocyanato (—SCN), a pen-
tafluoro-lambda~6~-sulfanyl (—SF5H), a nitrite (—NO2), a
straight-chain or branched-chain alkyl group having 1 to 12
carbon atoms or a X2-SP2-P2 group. When “R” of the poly-
merizable monomer is the straight-chain or branched-chain
alkyl group having 1 to 12 carbon atoms, one or two nonad-
jacent —CH2- thereof can be substituted by an oxygen atom,
a sulfur atom, a vinylene (—CH—CH—), a carbonyl
(C=0), a carboxyl (—COO—), a carbothio (S—CO—,
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—CO—S—) or an alkyne. Wherein, “R” is preferably an
X2-SP2-P2 group which is symmetric to the X1-SP1-P1
group.

[0035] “X1” and “X2” are respectively an oxygen atom, a
sulfur atom, a methyoxy (—OCH2-), a carbonyl (C—0), a
carboxyl (—COO—), a carbamoyl (—CO—NOR—,
—NOR—CO—), a methylthio (—CH2S—, —SCH2-), an
ethenylcarbonyl (—CH=—CH—COQ—), a carbonyletheny]
(—COO—CH—CH—) or a single bond.

[0036] “Spl” and Sp2” are individually a spacing group or
a single bond.
[0037] “Lm” are respectively a hydrogen atom, a fluorine

atom, a chlorine atom, a cyano group, an alkyl, an alkylcar-
bonyl, an alkoxycarbonyl or an alkylcarbonyloxy having 1 to
7 carbon atoms, wherein m=1 When “Lm” of the polymer-
izable monomer is the alkylcarbonyloxy having 1 to 7 carbon
atoms, one or more hydrogen atoms thereof can be substituted
by fluorine atoms or chlorine atoms.

[0038] “P1” and “P2” are respectively a polymerizable
group, and the polymerizable group can be selected from one
of the groups VI, VII, VIII, IX and X. The group VI can be
represented by a following chemical formula, wherein “U” is
one of a hydrogen atom, a methyl, a fluorine atom, a trifluo-
romethyl (—CF3) and a phenyl.

vl

[0039] The group VII can be represented by a following
chemical formula, wherein “I” is one of a hydrogen atom, a
methyl, a fluorine atom, a trifluoromethyl (—CF3) and a
phenyl.

[VII]

MN)V\T

H

[0040] The group VIII is pyrrole-2,5-dione, which is rep-
resented by a following chemical formula:

[VII]

wa N

[0041] The group IX can be represented by a following
chemical formula, wherein “Y” is one of a hydrogen atom, a
methyl, a fluorine atom, a triffuoromethyl (—CF3) and a
phenyl.
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[1X]

W\I‘O

[0042] The group X can be represented by a following
chemical formula, wherein “M” is one of a hydrogen atom, a
methyl, a fluorine atom, a trifluoromethyl (—CF3) and a
phenyl.

An example for the polymerizable monomer molecules is
represented by a following chemical formula.

MO0y

[0043] In the present embodiment, a material of the poly-
mers 172 polymerized from polymerizable monomers
includes acrylate resin, methyl acrylate resin, vinyl resin,
vinyloxy resin, epoxy resin or combinations thereof. More-
over, a material of the alignment layer 160 includes polyim-
ide.

[0044] Generally, the polymer layer 170 can only be
formed by the polymers 172. However, the adhesion between
the polymer 172 formed by the polymerised monomer mol-
ecules and the polyimide is not desirable so that the alignment
effect provided by the polymer layer 170 is limited. Thus, the
polymer layer 170 only formed by the polymers 172 may
have an undesired influence on the response time of the liquid
crystal molecules within the liquid crystal layer 130. There-
fore, in addition to the polymer 172, PMMA 174 is further
added to the polymer layer 170 of the present embodiment to
improve the adhesion between the alignment layer 160 and
the polymer layer 170. By such means, the response time of
the liquid crystal molecules within the liquid crystal layer 130
can be shortened, so that the LCD panel 100 may have a good
display quality.

[0045] In detail, FIG. 2A and FIG. 2B are schematic dia-
grams illustrating a fabrication process of an LCD panel
according to an embodiment of the present invention. Refer-
ring to FIG. 2A, liquid crystal molecules 132, polymerizable
monomer molecules 172' first and PMMA 174 are mixed and
disposed between the first substrate 110 and the second sub-
strate 120. Here, the mixture of the liquid crystal molecules
132, the polymeriable monomer molecules 172' and PMMA
174 is for example, referred to as liquid crystal mixture 130'.
[0046] Next, referring to FIG. 2A and FIG. 2B, a specific
electric field is applied between the first substrate 110 and the
second substrate 120. Meanwhile, under a function of the
above electric field, the polymerizable monomer molecules
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172" are polymerized to form the polymers 172. After the
polymers 172 are cured, the polymer layers 170 are formed on
the first substrate 110 and the second substrate 120 located at
two opposite sides of the liquid crystal layer 130. Now, fab-
rication of the LCD panel 100 is completed.

[0047] Theliquid crystal molecules 132 may be arranged in
a specific arrangement under the function of the electric field,
and now if the polymer 172 is cured, the polymer layer 170
can have a specific configuration. When the electric field is
removed, the specific configuration of the polymer layer 170
can provide a specific anchor force to avail the liquid crystal
molecules 132 arranged in a specific pre-tilt angle. Therefore,
the LCD panel 100 can have a good display effect. Moreover,
in the present embodiment, the method of polymerizing the
polymerizable monomer molecules 172' is for example, a
lighting method or a heating method. If the polymerizable
monomer molecules 172" are the light-polymerizable mol-
ecules, the light-irradiating method is applied to the fabrica-
tion process of FIG. 2B, and if the polymerizable monomer
molecules 172" are the thermal-polymerizable molecules, the
heating method can be applied to polymerize the polymeriz-
able monomer molecules 172'. Though the present invention
is not limited thereto, if another kind of the polymerized
monomer molecules 172' is selected in other embodiments, a
suitable fabrication process is then selected according to a
molecular nature of the polymerizable monomer molecules
172

[0048] It should be noted that when the polymer layer 170
is fabricated, besides the polymerizable monomer molecules
172, PMMA 174 is further added in the liquid crystal mixture
130'. PMMA 174 can not only increase a solubility of the
polymerizable monomer molecules 172' mixed with the lig-
uid crystal molecules 132 so as to improve a uniformity of the
polymer layer 170, but can also improve the adhesion
between the polymers 172 and the alignment layer 170.
Therefore, after the polymerizable monomer molecules 172'
are polymerized to become the polymers 172, they can be
easily cured to form the polymer layer 170 for shortening the
exposure time. By such means, not only a fabrication time is
saved, but also the LCD panel 100 may have a better display
contrast effect.

[0049] FIG. 3A is a comparison diagram illustrating
response time of an LCD panel of the present embodiment
and a conventional LCD panel when liquid crystal molecules
thereof are changed from a standby state to a display state and
again changed to the standby state under different voltages.
FIG. 3B is a comparison diagram illustrating time required by
a LCD panel of the present embodiment and a conventional
LCD panel when liquid crystal molecules thereof are changed
from a standby state to a display state under different volt-
ages. Referring to FIG. 3A and FIG. 3B, in the present
embodiment, circular icons represent the LCD panel of the
present invention, and the polymer layer thereof'is fabricated
based on a liquid crystal mixture containing 0.3% polymer-
izable monomer molecules and 0.05% PMMA. Square icons
represent the conventional LCD panel, and the polymer layer
thereof does not contain PMMA. As shown in FIG. 3A and
FIG. 3B, it is obvious that in case of different concentrations
of the polymerizable monomer molecules, by adding PMMA
with a very low concentration (for example, 500 ppm), the
response time of the liquid crystal molecules of the LCD
panel can be shortened. Particularly, in the case of low volt-
ages, differences of the response time of the liquid crystal
molecules in the two LCD panels are more significant.
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[0050] Insummary, the liquid crystal mixture of the present
invention includes the liquid crystal, polymerised monomer
molecules, and PMMA or allyl derivatives of PMMA.
PMMA or alkyl derivatives of PMMA avails improving the
adhesion between the polymerised monomer molecules and
the alignment layer. Therefore, during the PSA process for
fabricating the LCD panel, the required exposure time can be
reduced. Moreover, performance of the response time of the
liquid crystal molecules in the LCD panel can be more desir-
able.

[0051] It will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture of the present invention without departing from the scope
or spirit of the invention. In view of the foregoing, it is
intended that the present invention cover modifications and
variations of this invention provided they fall within the scope
of the following claims and their equivalents.

What is claimed is:

1. A liquid crystal display (LCD) panel, comprising:

a first substrate;

a second substrate;

a liquid crystal layer, disposed between the first substrate

and the second substrate;

a counter electrode, disposed between the liquid crystal

layer and the first substrate;

a pixel array structure, disposed between the liquid crystal

layer and the second substrate;

at least an alignment layer, disposed between the counter

electrode and the liquid crystal layer, and between the
liquid crystal layer and the pixel array structure; and

at least a polymer layer, disposed between the alignment

layer and the liquid crystal layer, wherein a material of
the polymer layer comprises polymethyl methacrylate
(PMMA), and a content of PMMA in the polymer layer
is greater than 1 ppm and less than 15000 ppm.

2. The LCD panel as claimed in claim 1, wherein the
content of PMMA in the polymer layer is less than 5000 ppm.

3. The LCD panel as claimed in claim 1, wherein the
content of PMMA in the polymer layer is 500 ppm.

4. The LCD panel as claimed in claim 1, wherein the
material of the polymer layer further comprises alkyl deriva-
tives of the PMMA.

5. The LCD panel as claimed in claim 1, wherein a material
of the alignment layer comprises polyimide.

6. The LCD panel as claimed in claim 1, wherein the
polymer layer further comprises a plurality of polymers poly-
merized from a plurality of light-polymerizable monomer
molecules, a plurality of thermal-polymerizable monomer
molecules or a combination thereof.

7. The LCD panel as claimed in claim 6, wherein a material
of the polymers comprises acrylate resin, methyl acrylate
resin, vinyl resin, vinyloxy resin, epoxy resin or a combina-
tion thereof.

8. A liquid crystal mixture, comprising:

a liquid crystal material; and

a mixed material, evenly mixed with the liquid crystal

material, wherein the mixed material comprises a plu-
rality of polymerizable monomer molecules and poly-
methyl methacrylate (PMMA), and a content of PMMA
in the mixed material is greater than 1 ppm and less than
15000 ppm.
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9. The liquid crystal mixture as claimed in claim 8, wherein
the content of PMMA in the mixed material is less than 5000
ppm.

10. The liquid crystal mixture as claimed in claim 8,
wherein the content of PMMA in the mixed material is 500
ppm.

11. The liquid crystal mixture as claimed in claim 8,
wherein the material of the mixed material further comprises
alkyl derivatives of PMMA.

12. The liquid crystal mixture as claimed in claim 8,
wherein the polymerizable monomer molecules are a plural-
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ity of light-polymerizable monomer molecules, a plurality of
thermal-polymerizable monomer molecules or a combina-
tion thereof.

13. The liquid crystal mixture as claimed in claim 8,
wherein the polymerizable monomer molecules comprises
acrylate resin monomer molecules, methyl acrylate resin
monomer molecules, vinyl resin monomer molecules, viny-
loxy resin monomer molecules, epoxy resin monomer mol-
ecules or combinations thereof.
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