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VERTICAL ALIGNMENT LIQUID CRYSTAL
DISPLAY

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This Application claims priority of Taiwan Patent
Application No. 100145893, filed on Dec. 13, 2011, the
entirety of which is incorporated by reference herein.

BACKGROUND
[0002] 1. Field of the Disclosure
[0003] The present disclosure relates to a liquid crystal

display, and in particular relates to a vertical alignment liquid
crystal display.

[0004] 2. Description of the Related Art

[0005] Liquid crystal displays (LCD) are widely used in
personal computers, personal digital assistants (PDA),
mobile phones or TVs, because they are light, have low power
consumption and no radiation.

[0006] The liquid crystal display includes a thin film tran-
sistor (TFT) substrate and a color filter (CF) substrate facing
each other with a liquid crystal layer interposed therebe-
tween.

[0007] The conventional twisted nematic (TN) device has
good transmittance performance. However, the conventional
TN device has a very narrow viewing-angle. Therefore, a
vertical alignment (VA) type wide-viewing-angle LCD has
been developed to solve the aforementioned problems. The
VA type LCD comprises a patterned vertical alignment (PVA)
type LCD, a multi-domain vertical alignment (MVA) type
LCD, and etc. The PVA type LCD achieves the goal of wide-
viewing-angle characteristics by applying a fringing-field
effect thereto and optical compensation films. The MVA type
LCD widens the viewing-angle and improves transmittance
ofthe liquid crystal display by dividing a pixel area into multi
domains and tilting liquid crystals respectively in the multi
domains in several different directions using protrusion fea-
tures or specific patterns.

[0008] The conventional common electrodes are disposed
in the pixel regions (displaying regions). However, as the
resolution of LCD increases, if the common electrode is still
designed in the pixel region, the aperture ratio (AR) of LCD
will therefore be reduced. Therefore, there is a need to
develop a vertical alignment liquid crystal display to resolve
the above-mentioned problem.

BRIEF SUMMARY

[0009] The invention provides a vertical alignment liquid
crystal display, comprising: a first substrate; a plurality of
data lines formed on the first substrate; a plurality of gate lines
formed on the first substrate, wherein the gate lines intersect
the data lines to define a plurality of the pixel regions; a
plurality of common electrodes formed on the first substrate,
wherein the common electrodes are located on a border of the
pixel regions and next to the gate lines; a second substrate
oppositely disposed to the first substrate; and a liquid crystal
layer formed between the first substrate and the second sub-
strate, wherein the liquid crystal layer comprises a plurality of
optically active materials.

[0010] A detailed description is given in the following
embodiments with reference to the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWING

[0011] For a more complete understanding of the present
disclosure, and the advantages thereof, reference is now made
to the following descriptions taken in conjunction with the
accompanying drawings, in which:

[0012] FIG. 1 shows a cross-sectional schematic represen-
tation of a display region of the vertical alignment crystal
liquid display of the invention;

[0013] FIGS. 2a-2b show the side views of showing one
exemplary embodiment of liquid crystal molecules of the
liquid crystal layer of the vertical alignment liquid crystal
display device of the invention;

[0014] FIG. 2¢ shows a transmittance diagram showing a
liquid crystal display device formed by a liquid crystal mate-
rial without the chiral dopants;

[0015] FIG. 2d shows a transmittance diagram showing a
liquid crystal display device formed by a liquid crystal mate-
rial with the chiral dopants.

[0016] FIG. 3a shows a top-view schematic representation
of the first substrate of the invention;

[0017] FIG. 3b shows a cross-sectional schematic repre-
sentation taken along AA' line on FIG. 3a;

[0018] FIG. 3¢-3d show the cross-sectional schematic rep-
resentation of the common electrode of the invention;
[0019] FIGS. 4a to 4¢ show transmittance-voltage curve
diagrams corresponding to different parameters of the liquid
crystal rotations (d/p ratio) of a vertical alignment type liquid
crystal display at zero-degree, 45-degree and 90-degree view-
ing-angles;

[0020] FIG. 5shows atransmittance-voltage curve diagram
showing the definition of the gray-level inversion;

[0021] FIG. 6 shows transmittance distribution diagram
corresponding to different parameters of the optical path dif-
ference (And) and liquid crystal rotations (d/p ratio) of one
exemplary embodiment of a liquid crystal display device of
the invention, which comprises a liquid crystal layer with the
chiral dopants, at a zero-degree viewing-angle; and

[0022] FIGS. 7a and 7 show gray-level inversion value
distribution diagrams corresponding to different parameters
of the optical phase retardation factor R and liquid crystal
rotations (d/p ratio) of one exemplary embodiment of a ver-
tical alignment liquid crystal display of the invention, which
comprises a liquid crystal layer with the chiral dopants, at
45-degree and 90-degree viewing-angles, respectively.

DETAILED DESCRIPTION

[0023] The following description is of the best-contem-
plated mode of carrying out the disclosure. This description is
made for the purpose of illustrating the general principles of
the disclosure and should not be taken in a limiting sense. The
scope of the disclosure is best determined by reference to the
appended claims.

[0024] Tt is to be understood that the following disclosure
provides many different embodiments, or examples, for
implementing different features of various embodiments.
Specific examples of components and arrangements are
described below to simplify the present disclosure. These are,
of course, merely examples and are not intended to be limit-
ing. In addition, the present disclosure may repeat reference
numerals and/or letters in the various examples. This repeti-
tion is for the purpose of simplicity and clarity and does not in
itself dictate a relationship between the various embodiments
and/or configurations discussed. Moreover, the formation of a
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first feature over or on a second feature in the description that
follows may include embodiments in which the first and
second features are formed in direct contact, and may also
include embodiments in which additional features may be
formed interposing the first and second features, such that the
first and second features may not be in direct contact.

[0025] FIG. 1 shows a cross-sectional schematic represen-
tation of a displaying region of a vertical alignment crystal
liquid display 100. The vertical alignment crystal liquid dis-
play 100 comprises a first substrate 110 and a second sub-
strate 210, and a liquid crystal layer 150 is formed between
the first substrate 110 and the second substrate 210, wherein
the first substrate 110 and the second substrate 210 are dis-
posed oppositely to each other, and the liquid crystal layer
150 comprises the liquid crystal molecules 151 and an opti-
cally active material which comprises a plurality of chiral
dopants.

[0026] Additionally, a pixel electrode 112 is formed on the
first substrate 110, and a first polarizer 114 is formed below
the first substrate 110. A counter electrode 212 is formed
below the second electrode 210, and a second polarizer 214 is
formed on the second substrate 210. The pixel electrode 112
and the counter electrode 212 are formed by transparent con-
ducting materials, such as indium tin oxide (ITO). A capacity
(CO of the vertical alignment liquid crystal display 100 is
made by the pixel electrode 112 and the counter electrode
212.

[0027] In another embodiment, the vertical alignment lig-
uid crystal display 100 further comprises a first compensation
film (not shown in figure) disposed between the first substrate
110 and the first polarizer 114, and a second compensation
film (not shown in figure) disposed between the second sub-
strate 210 and the second polarizer 214.

[0028] The color filters and black matrix (not shown in
figure) are disposed between the second substrate 210 and the
liquid crystal layer 150. The color filters comprise red color
filters, blue color filters and green color filters, and the black
matrix is disposed between the two color filters with different
colors.

[0029] In one embodiment, the liquid crystal molecules
151 of the liquid crystal layer 150 comprise a nematic liquid
crystal material, for example, a negative nematic liquid crys-
tal or a positive nematic liquid crystal. The first substrate 110
is a thin film transistor substrate and the second substrate 210
is a color filter substrate.

[0030] The chiral dopants are added in the liquid crystal
layer 150, thus the liquid crystal molecules 151 of the liquid
crystal layer 150 may twist along an axis direction, thereby
having optical activity, and the axis direction is parallel to a
normal line of the first substrate 110. The twist angle of the
liquid crystal molecules 151 can be defined by controlling the
concentration of the chiral dopants. Therefore, the vertical
alignment liquid crystal display 100 of the invention is also
named as “twisted vertical alignment liquid crystal display”.

[0031] FIG. 2a is a side view of showing one exemplary
embodiment of liquid crystal molecules 151 of the liquid
crystal layer 150 of the vertical alignment liquid crystal dis-
play device 100 of the invention without an electronic field
applied between the first substrate 110 and the second sub-
strate 210. Directions of arrows on the first polarizer 114 and
the second polarizer 214 illustrate directions of the polariza-
tion axis of the first substrate 110 and the second substrate
210, respectively.
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[0032] FIG. 26 is a side view of showing one exemplary
embodiment of liquid crystal molecules 151 of the liquid
crystal layer 150 of the vertical alignment liquid crystal dis-
play device 100 of the invention with an electronic field
applied between the first substrate 110 and the second sub-
strate 210. As shown in FIG. 25, the liquid crystal molecules
151 are gradually twisted from the first substrate 110 to the
second substrate 210, and the liquid crystal molecules 151 are
gradually tilted to be arranged along a horizontal direction
and then the liquid crystal molecules 151 are tilted from the
horizontal direction to along a vertical direction. Along with
increasing the applied electronic field, a range of the liquid
crystal molecules 151 tilted to be horizontally arranged is
increased. The twist angle of the liquid crystal molecules 151
can be defined by controlling the concentration of the chiral
dopants.

[0033] Please refer to FIGS. 2¢ and 2d. FIG. 2c¢ is a trans-
mittance diagram showing a liquid crystal display device
formed by aliquid crystal material without the chiral dopants.
FIG. 2d is a transmittance diagram showing one exemplary
embodiment of a liquid crystal display device formed by a
liquid crystal material with the chiral dopants. As shown in
FIGS. 2c and 2d, because the liquid crystal molecules with the
chiral dopants can result in a macroscopic helical twist, the
optical dark lines, which result from the non-tilting or tilting
error problems of the liquid crystal molecules, in the display
area of the liquid crystal display device as shown in FIG. 2¢,
are thinner and lighter than the optical dark lines as shown in
FIG. 2d. Therefore, the liquid crystal display device has high-
transmittance characteristics.

[0034] FIG. 3a shows a top-view schematic representation
of the first substrate 110 of the invention. The common elec-
trodes 120, the gate lines 122 and the data lines 140 are
formed on the first substrate 110, and the gate lines 122
intersect the data lines 140 to define a plurality of the pixel
regions. The pixel regions are formed by the pixel electrode
112 (see FIG. 1). Thus, the pixel regions are also called as
displaying regions.

[0035] Inoneembodiment, the common electrodes 120 are
formed on the first substrate 110 and are located on a border
of the pixel regions and next to the gate lines 122. The com-
mon electrodes 120 further comprises a first extending elec-
trode 1204 which is parallel to the data lines 140 and formed
on the border of the pixel regions. A “U-like” shape on the
border of the pixel regions is constructed by the common
electrodes 120 and the first extending electrode 120a. In a
preferred embodiment, a distance between the common elec-
trodes 120 and the gate lines 122 is smaller than about 15 pm.

[0036] Referring to FIG. 3¢, in another embodiment, an
“inverted U-like” shape on the border of the pixel regions is
constructed by the common electrodes 120 and the first
extending electrode 120a.

[0037] Referring FIG. 34, in yet another embodiment, the
common electrodes 120 comprises a first extending electrode
120a and a second extending electrode 1205, wherein the first
extending electrode 120a is parallel to the data lines 140, and
the second extending electrode 1205 is parallel to the gate
lines 122 and formed on the border of the pixel regions.

[0038] Inanother embodiment, the common electrodes 120
and the gate lines 122 both may be disposed in the same layer.
The common electrodes 120 formed on the border of the pixel
regions entirely overlap or partially overlap the gate lines 122.
Furthermore, the common electrodes 120 further comprises a
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extending electrode 120a which is parallel to the data lines
140 and formed on the border of the pixel regions.

[0039] Note that because the chiral dopants are added into
the liquid crystal layer 150 and the common electrodes 120
are disposed in the pixel region close to a horizontal side of
the gate lines 122, the transmittance performance of the pixel
regions and the aperture ratio (AR) of vertical alignment
liquid crystal display are improved.

[0040] Moreover, a semiconductor layer 126 is formed on
the common electrodes 120, and a second metal layer 130 is
formed on the semiconductor layer 126. A thin film transistor
is constructed by the gate lines 122, a first insulting material
124, the semiconductor layer 126 and the second metal layer
130. The second metal layer 130 is electrically connected to
the date lines 140.

[0041] Additionally, the pixel electrode 112 is electrically
connected to the second metal layer 130 by a contact hole 160
to transfer a signal to the thin film transistor.

[0042] FIG. 3b shows a cross-sectional schematic repre-
sentation taken along AA' line on FIG. 3a. The common
electrodes 120 and the gate lines 122 are firstly formed on the
first substrate 110 and formed in the same layer by a single
process.

[0043] A metal layer is firstly formed on the first substrate
110 and then a patterned process is performed to the metal
layer to form the common electrodes 120 and the gate lines
122, and the common electrodes 120 and the gate lines 122
respectively have different functions.

[0044] The patterned process is a photolithography process
which comprises photoresist coating, soft baking, mask
aligning, exposure, post-exposure, developing photoresist
and hard baking. These processes are known to those skilled
in the art, and thus are omitted for clarity.

[0045] Then, the first insulating layer 124 is formed on the
common electrodes 120 and the gate lines 122. The first
insulating layer 124 comprises silicon oxide, silicon nitride or
silicon oxynitride, etc.

[0046] Next, the second metal layer 130 is formed on the
first insulting layer 124, and the second insulating layer 132 is
formed on the second metal layer 130. The material of the
second insulating layer 132 may be the same or different with
that of the first insulating material 124.

[0047] Note that the second metal layer 130 and the data
lines 140 (shown in FIG. 3a) are formed by a single process
and are electrically connected to each other. A signal of the
thin film transistor is transferred to an external portion by the
data lines.

[0048] Furthermore, a storage capacitor (C,,) is constructed
by the second metal layer 130, the common electrodes 120
and the first insulating layer 124 therebetween.

[0049] Then, the pixel electrode 112 is formed on the sec-
ond insulating layer 132. The material of the pixel electrode
112 is a transparent conducting material, such as indium tin
oxide (ITO), indium zinc oxide (IZO), cadmium tin oxide
(CTO), aluminum zinc oxide (AZO), indium tin zinc oxide
(ITZO), zinc oxide, cadmium oxide (CdO) or hafnium oxide
(HfO).

[0050] In another embodiment, the common electrode 120
and the gate lines 122 are disposed in different layers. The
common electrode 120 and the second metal layer 130 may be
disposed in the same layer. Alternatively, the common elec-
trode 120 and the pixel electrode 112 may be disposed in the
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same layer. The common electrodes 120 are disposed on the
gate lines 122 and entirely overlap or partially overlap the
gate lines 122.

[0051] Compared with prior art, the common electrodes
120 of the invention are disposed in the pixel region close to
a side of the gate lines 122. Thus, the transmittance perfor-
mance and displaying performance of the vertical alignment
liquid crystal display are improved.

[0052] Please refer to FIGS. 4a to 4¢ and FIG. 5. FIGS. 4a
to 4¢ are transmittance-voltage curve diagrams correspond-
ing to different parameters of the liquid crystal rotations (d/p
ratio) of a vertical alignment type liquid crystal display,
which comprises a liquid crystal layer with the chiral dopants,
at a zero-degree viewing-angle (vertical viewing-angle), a
45-degree viewing-angle and a 90-degree viewing-angle
(horizontal viewing-angle), wherein d is a thickness of the
liquid crystal layer with the chiral dopants, P is a pitch of the
chiral dopants, An is a birefringence coefficient of the liquid
crystal layer with the chiral dopants (also referred to as refrac-
tive index differences between the fast axis and slow axis of
the liquid crystal layer with the chiral dopants). FIG. 5 shows
a transmittance-voltage curve diagram to explain the defini-
tion of the gray-level inversion (also referred to as delta T).
The corresponding transmittance decreases when the voltage
increases (for example, from V1 to V2), and the gray-level
inversion occurs (in other words, when the transmittance T1
corresponding to the voltage V1 minus the transmittance T2
corresponding to the voltage V2 is larger than zero (delta
T=T1-T2>0), the gray-level inversion occurs). As shown in
FIG. 4a, the parameter of the liquid crystal rotations (d/p
ratio)is as small as 0.15, and the corresponding transmittance
decreases when the voltage increases. As shown in FIG. 45,
the gray-level inversion occurs when the VA type liquid crys-
tal display has a small parameter of the liquid crystal rotations
(d/p=0.15) at a 45-degree viewing-angle. As shown in FIG.
4c, the gray-level inversion becomes worse when the VA type
liquid crystal display is at the horizontal viewing-angle. The
gray-level inversion occurs when the parameters of the liquid
crystal rotations (d/p ratio) are 0.15, 0.25 and 0.35.

[0053] Inorder to find the preferred parameters of the opti-
cal phase retardation factor R, liquid crystal rotations (d/p
ratio) and optical path difference (And) of a vertical alignment
liquid crystal display, which comprises a liquid crystal layer
with the chiral dopants, to improve the transmittance of the
liquid crystal display device without gray-level inversion, the
numerical simulation method is used to analyze and calculate
the transmittance distribution corresponding to different
parameters of the optical path difference (And) and liquid
crystal rotations (d/p ratio) of a display region of a liquid
crystal display device, which comprises a liquid crystal layer
with the chiral dopants. When an incident light penetrates a
liquid crystal layer having the birefringence characteristic, a
parameter of the optical phase retardation factor R is repre-
sented as

wherein A is a wavelength of an incident light. FIG. 6 shows
transmittance distribution diagram corresponding to different
parameters of the optical path difference (And) and liquid
crystal rotations (d/p ratio) of one exemplary embodiment of
the vertical alignment liquid crystal display device 100 of the
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invention, which comprises a liquid crystal layer with the
chiral dopants, at a zero-degree viewing-angle. In this
embodiment, the vertical alignment liquid crystal display
device 100 is operated by an incident light having a wave-
length between 380 nm and 780 nm. FIGS. 7a and 75 show
gray-level inversion (delta T) value distribution diagrams cor-
responding to different parameters of the optical phase retar-
dation factor R and liquid crystal rotations (d/p ratio) of one
exemplary embodiment of a vertical alignment liquid crystal
display device 100 of the invention, which comprises a liquid
crystal layer with the chiral dopants, at 45-degree and 90-de-
gree viewing-angles, respectively.

[0054] Please refer to FIGS. 6, 7a and 75. In one embodi-
ment, the parameters of the liquid crystal rotations (d/p ratio)
and optical phase retardation factor R of the liquid crystal
layer with the chiral dopants of the liquid crystal display
device 100 respectively satisfy Equation (1) and Equation (2)
(corresponding to a region surrounded by a dotted line of FIG.
6). When the parameters of the liquid crystal rotations (d/p
ratio) and optical phase retardation factor R of the liquid
crystal layer with the chiral dopants of the liquid crystal
display device 100 preferably respectively satisfy Equation
(1) and Equation (2), the transmittance values of the vertical
alignment liquid crystal display device 100 is between 0.25
and 0.4. Also, the gray-level inversion (delta T) value of the
vertical alignment liquid crystal display device 100 at a
45-degree viewing-angle is not larger than 0.02 (correspond-
ing to a region surrounded by a dotted line of FIG. 7a).
Further, the gray-level inversion (delta T) value of the liquid
crystal display device 100 at a 90-degree viewing-angle is not
larger than 0.04 (corresponding to a region surrounded by a
dotted line of FIG. 76).

0.6<R<0.95 Equation (1)
0.2=Zd/p=0.3 Equation (2)
[0055] When the parameter of the optical phase retardation

factor R of the liquid crystal layer with the chiral dopants of
the liquid crystal display device 100, which is operated by an
incident light having a wavelength between 380 nm and 780
nm, satisfies Equation (1), the value of the optical path dif-
ference (And) is between 228 nm and 741 nm. In one embodi-
ment, the parameter of the optical path difference (And) of the
vertical alignment liquid crystal display device 100, which
comprises a liquid crystal layer with the chiral dopants, may
preferably satisfy Equation (3). When the parameters of the
liquid crystal rotations (d/p ratio) and optical path difference
(And) of the liquid crystal display device 100, which com-
prises the liquid crystal layer 150 with the chiral dopants,
preferably respectively satisfy Equation (2) and Equation (3),
the gray-level inversion (delta T) value of the vertical align-
ment liquid crystal display device 100 at a 45-degree viewing-
angle is not larger than 0.02 (corresponding to a region sur-
rounded by a dotted line of FIG. 7a). Further, the gray-level
inversion (delta T) value of the vertical alignment liquid crys-
tal display device 100 at a 90-degree viewing-angle is not
larger than 0.04 (corresponding to a region surrounded by a
dotted line of FIG. 75).

330<And<500

[0056] While the disclosure has been described by way of
example and in terms of the preferred embodiments, itisto be
understood that the disclosure is not limited to the disclosed
embodiments. To the contrary, it is intended to cover various
modifications and similar arrangements (as would be appar-

Equation (3)
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ent to those skilled in the art). Therefore, the scope of the
appended claims should be accorded the broadest interpreta-
tion so as to encompass all such modifications and similar
arrangements.

What is claimed is:

1. A vertical alignment liquid crystal display, comprising:

a first substrate;

a plurality of data lines formed on the first substrate;

a plurality of gate lines formed on the first substrate,
wherein the gate lines intersect the data lines to define a
plurality of pixel regions;

a plurality of common electrodes formed on the first sub-
strate, wherein the common electrodes are located on a
border of the pixel regions and next to the gate lines;

a second substrate oppositely disposed to the first sub-
strate; and

aliquid crystal layer formed between the first substrate and
the second substrate, wherein the liquid crystal layer
comprises a plurality of optically active materials.

2. The vertical alignment liquid crystal display as claimed

in claim 1, further comprising:

a first polarizer formed below the first substrate; and

a second polarizer formed on the second substrate.

3. The vertical alignment liquid crystal display as claimed
in claim 1, wherein a distance between the common elec-
trodes and the gate lines is smaller than about 15 pm.

4. The vertical alignment liquid crystal display as claimed
in claim 1, wherein the common electrodes entirely overlap or
partially overlap the gate lines.

5. The vertical alignment liquid crystal display as claimed
in claim 1, wherein the common electrodes further comprise
a first extending electrode, and the first regions.

6. The vertical alignment liquid crystal display as claimed
in claim 5, wherein the common electrodes further comprise
a second extending electrode, and the second extending elec-
trode is parallel to the gate lines and located on the border of
the pixel regions.

7. The vertical alignment liquid crystal display as claimed
in claim 6, wherein the second extending electrode connected
to the first extending electrode.

8. The vertical alignment liquid crystal display as claimed
in claim 1, wherein a parameter of the liquid crystal rotations
(d/p ratio) of the liquid crystal layer is between 0.2 and 0.3, d
is a thickness of the liquid crystal layer, and p is a pitch of the
optically active materials.

9. The vertical alignment liquid crystal display as claimed
in claim 1, wherein a parameter of the optical path difference
(And) of the liquid crystal layer is larger than 330 and less than
600, An is a birefringence coefficient of the liquid crystal
layer, and d is a thickness of the liquid crystal layer.

10. The vertical alignment liquid crystal display as claimed
in claim 1, wherein a parameter of the optical path difference
(And) of the liquid crystal layer is larger than 330 and less than
500, An is a birefringence coefficient of the liquid crystal
layer, and d is a thickness of the liquid crystal layer.

11. The vertical alignment liquid crystal display as claimed
in claim 1, wherein a parameter of the optical phase retarda-
tion factor (R) of the liquid crystal layer is larger than 0.6 and
less than 1.1.

12. The vertical alignment liquid crystal display as claimed
in claim 1, wherein a parameter of the optical phase retarda-
tion factor (R) of the liquid crystal layer is larger than 0.6 and
less than 0.95.
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13. The vertical alignment liquid crystal display as claimed
in claim 1, wherein the first substrate is a thin film transistor
substrate, and the second substrate is a color filter substrate.

14. The vertical alignment liquid crystal display as claimed
in claim 1, wherein the liquid crystal layer comprises a nem-
atic liquid crystal material.

15. The vertical alignment liquid crystal display as claimed
in claim 1, further comprising a color filter and a counter
electrode formed on the second substrate.

16. The vertical alignment liquid crystal display as claimed
in claim 1, wherein the optically active materials comprise
chiral dopants.
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