US 20090135342A1

12 Patent Application Publication (o) Pub. No.: US 2009/0135342 A1

a9y United States

LEE

(54) WIDE VIEWING ANGLE LIQUID CRYSTAL
DISPLAY

(75) Inventor: Seok-Lyul LEE, Hsinchu (TW)

Correspondence Address:

MORRIS MANNING MARTIN LLP

3343 PEACHTREE ROAD, NE, 1600 ATLANTA
FINANCIAL CENTER

ATLANTA, GA 30326 (US)

(73) Assignee: AU OPTRONICS

CORPORATION

(21) Appl.No.:  11/945,109

(43) Pub, Date: May 28, 2009
Publication Classification

(51) Imt.Cl

GO2F 1/1333 (2006.01)

GO2F 1/1343 (2006.01)

GO2F 1/13 (2006.01)
(52) US.CL ..ccoovveee 349/96; 349/106; 349/139
(57) ABSTRACT

A liquid crystal display (LCD) device. In one embodiment,
the LCD device includes a first substrate and a second sub-
strate positioned apart from the first substrate, a liquid crystal
layer positioned between the first substrate and the second
substrate, and a plurality of pixels. Each pixel includes two or
more first common electrodes and one or more pixel elec-
trodes formed on the first substrate, where each of the one or
more pixel electrodes is located between two of the two or
more first common electrodes. Fach pixel further includes
one or more floating electrodes and/or two or more second
electrodes formed on the second substrate in locations oppo-
site corresponding ones of the one or more pixel electrodes
and the two or more first common electrodes on the first
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WIDE VIEWING ANGLE LIQUID CRYSTAL
DISPLAY

FIELD OF THE INVENTION

[0001] The present invention relates generally to a liquid
crystal display (LCD) device, and more particularly to an
LCD device that utilizes floating electrode switching (FES) to
improve image quality with viewing angle characteristic and
light transmittance of display.

BACKGROUND OF THE INVENTION

[0002] Liquid crystaldisplay (LCD)is commonly used as a
display device because of its capability of displaying images
with good quality while using little power. An LCD apparatus
includes an LCD panel formed with liquid crystal cells and
pixel elements with each associating with a corresponding
liquid crystal cell and having a liquid crystal capacitor and a
storage capacitor, a thin film transistor (TFT) electrically
coupled with the liquid crystal capacitor and the storage
capacitor. These pixel elements are substantially arranged in
the form of a matrix having a number of pixel rows and a
number of pixel columns. Typically, scanning signals are
sequentially applied to the number of pixel rows for sequen-
tially turning on the pixel elements row-by-row. When a
scanning signal is applied to a pixel row to turn on corre-
sponding TFTs of the pixel elements of a pixel row, source
signals (image signals) for the pixel row are simultaneously
applied to the number of pixel columns so as to charge the
corresponding liquid crystal capacitor and storage capacitor
ofthe pixel row for aligning orientations ofthe corresponding
liquid crystal cells associated with the pixel row to control
light transmittance therethrough. By repeating the procedure
for all pixel rows, all pixel elements are supplied with corre-
sponding source signals of the image signal, thereby display-
ing the image signal thereon.

[0003] Liquid crystal molecules have a definite orienta-
tional alignment as a result of their long, thin shapes. The
orientations of liquid crystal molecules in liquid crystal cells
of an LCD panel play a crucial role in the transmittance of
light therethrough. For example, in a twist nematic LCD,
when the liquid crystal molecules are in its tilted orientation,
light from the direction of incidence is subject to various
different indexes of reflection. Since the functionality of
LCDs is based on the birefringence effect, the transmittance
of light will vary with different viewing angles. Due to such
differences in light transmission, optimum viewing of an
LCD is limited within a narrow viewing angle. The limited
viewing angle of LCDs is one of the major disadvantages
associated with the LCDs and is a major factor in restricting
applications of the LCDs.

[0004] Several approaches exist for increasing the viewing
angles of LCDs, such as in-plane switching (IPS), and fringe
field switching (FFS). As shown in FIG. 9(a) an IPS mode
LCD 910 has a structure that two pixel electrodes 921 and a
common electrode 929, both for driving liquid crystal mol-
ecules 932, are formed on a first substrate 920 in parallel.
When a voltage is applied to the pixel electrodes 921 and the
common electrode 929, an electric field 937 is generated
in-plane to the surface of the first substrate 920. In the IPS
mode LCD 910, a distance, L, defined between the common
electrode 929 and the pixel electrode 921 is about the same
order as a cell gap. d,, defined between the first substrate 920
and the second substrate 940. The IPS mode LCD 920 has the
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advantage of viewing angle that is wider than the conven-
tional TN mode LCD. However, since the pixel and the com-
mon electrodes 921 and 929 are made of opaque metal films,
there is a limitation in aperture ratio and transmittance of light
945. Tn addition, due to the planar electric field structure, the
IPS mode LCD inherently suffers from severe image sticking.
[0005] 1Inorder to overcome the limitation of the IPS mode
LCDin aperture ratio and transmittance of light, an FFS mode
LCD is introduced. In the FFS mode LCD 950, as shown in
FIG. 9(), a plurality of pixel electrodes 961 and a common
electrode 969 are made of transparent metal films, for
example, indium tin oxide metal films, thereby improving the
aperture ratio compared to the IPS mode LCD. Furthermore,
a distance, L,, defined between two pixel electrodes is nar-
rower than that a cell gap, d,, defined between the first sub-
strate 970 and the second substrate 990. When a voltage is
applied between the pixel electrodes 961 and 969, a fringe
field 981 is generated in a region of the cell gap adjacent to the
common and the pixel electrodes 961 and 969, liquid crystal
molecules 982 disposed within the region are all driven,
thereby improving the transmittance of light 995, comparing
to the IPS mode LCD.

[0006] However, in the IPS mode LCD and the FFS mode
LCD, no conductive metal films are formed on the second
substrate for preventing distortion of the electric field gener-
ated by the pixel electrode and the common electrode on the
first substrate. Usually, an ITO film is formed on the back side
of the second substrate to protect the LCD from electro-static
damage, which makes increase manufacture cost and material
cost of a color filter.

[0007] Therefore, a heretofore unaddressed need exists in
the art to address the aforementioned deficiencies and inad-
equacies.

SUMMARY OF THE INVENTION

[0008] The present invention, in one aspect, relates to an
LCD device. In one embodiment, the LCD device has a first
structure and a second structure positioned apart to define a
cell gap therebetween, and a liquid crystal layer positioned in
the cell gap between the first structure and the second struc-
ture. In one embodiment, the liquid crystal layer comprises
nematic liquid crystals having a positive dielectric anisotropy.
The liquid crystals are selected such that a product of the
refractive index 9,, of the liquid crystals and the cell gap is in
a range of about 0.15-0.60 um.

[0009] The first structure includes a first substrate having a
first surface and an opposite, second surface defining a body
portion therebetween; a plurality of scanning lines spacing-
regularly formed on the second surface of the first substrate
along a first direction; an insulation layer formed on the first
substrate covering the plurality of scanning lines; a plurality
of signal lines spacing-regularly formed on the insulation
layer crossing over the plurality of scanning lines along a
second direction that is substantially perpendicular to the first
direction; a passivation layer formed on the insulation layer
covering the plurality of signal lines thereon; a plurality of
first common electrodes spacing-regularly formed on the pas-
sivation layer along the second direction; and a plurality of
pixel electrodes spacing-regularly formed on the passivation
layer along the second direction, each pixel electrode located
between two neighboring first common electrodes.

[0010] Inoneembodiment, each pixel electrode and one of
its two neighboring first common electrodes define a distance
therebetween, which is greater than the cell gap.
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[0011] In one embodiment, each of the plurality of first
common electrodes is located over a corresponding one of the
plurality of date lines. In another embodiment, each pair of
the plurality of first common electrodes is distantly located
over a corresponding one of the plurality of date lines.
[0012] The second structure includes a second substrate
having a first surface and an opposite, second surface defining
a body portion therebetween; a black matrix formed on the
first surface of the second substrate in a predetermined pat-
tern; a color filter layer formed on the remaining portion of the
second substrate; an overcoat layer formed on the color filter
layer and the black matrix; a plurality of second common
electrodes spacing-regularly formed on the overcoat layer
along the second direction; and a plurality of floating elec-
trodes spacing-regularly formed on the overcoat layer along
the second direction, each floating electrode located between
two neighboring second common electrodes.

[0013] The first structure and the second structure are posi-
tioned relative to each other such that a cell gap is defined
therebetween; each of the plurality of floating electrodes in
the second structure is positioned opposite a corresponding
one of the plurality of pixel electrodes in the first structure;
each of the plurality of second common electrodes in the
second structure is positioned opposite a corresponding one
of the plurality of first common electrodes in the first struc-
ture, and the black matrix in the second structure is positioned
opposite the plurality of scanning lines and the plurality of
signal lines in the first structure, respectively.

[0014] Each of the plurality of pixel electrodes, the plural-
ity of floating electrodes, the plurality of first common elec-
trodes and the plurality of second common electrodes is
formed of a transparent, conductive material including
indium zinc oxide (IZO), amorphous indium tin oxide (ITO),
poly ITO, or any combination of them, with a thickness in the
range of about 0.01-3.0 pm.

[0015] In one embodiment, the first structure further com-
prises a first alignment layer formed on the passivation layer
covering the plurality of pixel electrodes and the plurality of
first common electrodes thereon, and wherein the second
structure further comprises a second alignment layer formed
on the overcoat layer covering the plurality of floating elec-
trodes and the plurality of second common electrodes
thereon. Each of the first alignment layer and the second
alignment layer is formed to have a rubbing axis with a
pre-tilted angle in a range of about 0-10 degrees relative to the
second direction so as to align the liquid crystals to a desired
direction.

[0016] Additionally, the LCD device further includes a
polarizer formed on the first surface of the first substrate, the
polarizer having a polarizing axis in a first predetermined
direction, the polarizing axis being optically related to the
liquid crystal layer; and an analyzer formed on the second
surface of the second substrate, the analyzer having an
absorbing axis in a second predetermined direction, the
absorbing axis being optically related to the polarizer. The
polarizing axis of the polarizer and the rubbing axis of the first
alignment layer define an angle in a range of about 0-90
degrees, and wherein the polarizing axis of the polarizer is
about 90 degrees relative to the absorbing axis of the analyzer.
[0017] Inanother aspect, the present invention relates to an
LCD device. In one embodiment, the LCD device includes a
first substrate and a second substrate positioned apart to
define a cell gap therebetween; a liquid crystal layer posi-
tioned in the cell gap between the first substrate and the
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second substrate; a plurality of scanning lines formed on the
first substrate along a first direction and a plurality of signal
lines formed on the first substrate crossing over the plurality
of scanning lines along a second direction that is perpendicu-
lar to the first direction; and a plurality of pixels.

[0018] Each pixel is defined between two neighboring
scanning lines and two neighboring signal lines crossing over
the two neighboring scanning lines and comprises an insula-
tion layer formed on the first substrate; two or more first
common electrodes formed on the insulation layer along the
second direction, two of the two or more first common elec-
trodes located over the two neighboring signal lines, respec-
tively; one or more pixel electrodes formed on the insulation
layer between the two of the two or more first common
electrodes along the second direction; a black matrix formed
on the second substrate in locations opposite the two neigh-
boring scanning lines and the two neighboring signal lines
crossing over the two neighboring scanning lines in the first
substrate; a color filter layer formed on the second substrate in
an area surrounded by the black matrix; an overcoat layer
formed on the black matrix and the color filter; and at least
one of one or more floating electrodes and two or more second
electrodes formed on the overcoat layer along the second
direction in locations opposite corresponding ones of the one
or more pixel electrodes and the two or more first common
electrodes in the first substrate.

[0019] Furthermore, each pixel includes a switch device
electrically coupled with the one or more pixel electrodes.
[0020] Moreover, each pixelincludes a firstalignment layer
formed on the passivation layer covering the plurality of pixel
electrodes and the plurality of first common electrodes
thereon; and a second alignment layer formed on the overcoat
layer covering the plurality of floating electrodes and the
plurality of second common electrodes thereon. Each of the
firstalignment layer and the second alignment layer is formed
to have a rubbing axis with a pre-tilted angle in a range of
about 0-10 degrees relative to the second direction so as to
align the liquid crystals to a desired direction.

[0021] In one embodiment, the LCD device further
includes a polarizer formed on an exterior surface of the first
substrate, the polarizer having a polarizing axis in a first
predetermined direction, the polarizing axis being optically
related to the liquid crystal layer; and an analyzer formed on
an exterior of the second substrate, the analyzer having an
absorbing axis in a second predetermined direction, the
absorbing axis being optically related to the polarizer, where
the polarizing axis of the polarizer and the rubbing axis of the
first alignment layer define an angle in a range of about 0-90
degrees, and the polarizing axis of the polarizer is about 90
degrees relative to the absorbing axis of the analyzer.

[0022] In one embodiment, the liquid crystal layer com-
prises nematic liquid crystals having a positive dielectric
anisotropy. The liquid crystals are selected such that a product
of the refractive index 8, of the liquid crystals and the cell gap
is in a range of about 0.15-0.60 um.

[0023] Inyetanotheraspect, the present invention relates to
an LCD device. In one embodiment, the LCD device includes
a first substrate and a second substrate positioned apart from
the first substrate; a liquid crystal layer positioned between
the first substrate and the second substrate; and a plurality of
pixels. Each pixel has two or more first common electrodes
formed on the first substrate; one or more pixel electrodes
formed on the first substrate, each of the one or more pixel
electrodes located between two of the two or more first com-
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mon electrodes; and at least one of one or more floating
electrodes and two or more second electrodes formed on the
second substrate in locations opposite corresponding ones of
the one or more pixel electrodes and the two or more first
common electrodes in the first substrate.

[0024] Each pixel further includes a switch device electri-
cally coupled with the one or more pixel electrodes. In one
embodiment, each pixel may also includes a first alignment
layer formed on the plurality of pixel electrodes and the
plurality of first common electrodes thereon; and a second
alignment layer formed on the plurality of floating electrodes
and the plurality of second common electrodes thereon. Each
of the first alignment layer and the second alignment layer is
formed to have a rubbing axis with apre-tilted angle in arange
of about 0-10 degrees relative to the direction of the one or
more pixel electrodes so as to align the liquid crystals to a
desired direction.

[0025] Ina further aspect, the present invention relates to a
liquid crystal display (LCD) device. In one embodiment, the
LCD has a first substrate and a second substrate positioned
apart from the first substrate; a liquid crystal layer positioned
between the first substrate and the second substrate; and a
plurality of pixels. Each pixel includes two or more first
common electrodes formed on the first substrate; one or more
pixel electrodes formed on the first substrate, each of the one
or more pixel electrodes located between two of the two or
more first common electrodes; and at least one floating elec-
trode formed on the second substrate in locations opposite
corresponding one of the one or more pixel electrodes on the
first substrate.

[0026] These and other aspects of the present invention will
become apparent from the following description of the pre-
ferred embodiment taken in conjunction with the following
drawings, although variations and modifications therein may
be affected without departing from the spirit and scope of the
novel concepts of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The accompanying drawings illustrate one or more
embodiments of the invention and, together with the written
description, serve to explain the principles of the invention.
Wherever possible, the same reference numbers are used
throughout the drawings to refer to the same or like elements
of an embodiment, and wherein:

[0028] FIG. 1 shows schematically a cross-sectional view
ofan LCD device according to one embodiment of the present
invention;

[0029] FIG. 2 shows schematically (a) and (b) light trans-
mittance curves of an LCD device, and (c) and (d) cross-
sectional views of the LCD device showing an electric field
generated in the liquid crystal layer according to one embodi-
ment of the present invention;

[0030] FIG. 3 shows schematically (a) a plane view of an
LCD device and (b) a cross-sectional view of the LCD device
along line A-A' according to one embodiment of the present
invention;

[0031] FIG. 4 shows schematically (a) a plane view of an
LCD device and (b) a cross-sectional view of the LCD device
along line A-A' according to another embodiment of the
present invention;

[0032] FIG. 5 shows schematically (a) a plane view of an
LCD device and (b) a cross-sectional view of the LCD device
along line A-A' according to yet another embodiment of the
present invention;
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[0033] FIG. 6 shows schematically (a) a plane view of an
LCD device and (b) a cross-sectional view of the LCD device
along line A-A' according to an alternative embodiment of the
present invention;

[0034] FIG. 7 shows schematically (a) a plane view of an
LCD device and (b) a cross-sectional view of the LCD device
along line A-A' according to one embodiment of the present
invention;

[0035] FIG. 8 shows schematically (a) a plane view of an
LCD device and (b) a cross-sectional view of the LCD device
along line A-A' according to another embodiment of the
present invention; and

[0036] FIG. 9 shows schematically a cross-sectional view
of (a) in-plane switching (IPS) and (b) fringe field switching
(FFS) LCD devices.

DETAILED DESCRIPTION OF THE INVENTION

[0037] The present invention is more particularly described
in the following examples that are intended as illustrative only
since numerous modifications and variations therein will be
apparent to those skilled in the art. Various embodiments of
the invention are now described in detail. Referring to the
drawings, like numbers indicate like components throughout
the views. As used in the description herein and throughout
the claims that follow, the meaning of “a”, “an”, and “the”
includes plural reference unless the context clearly dictates
otherwise. Also, as used in the description herein and
throughout the claims that follow, the meaning of “in”
includes “in” and “on” unless the context clearly dictates
otherwise.

[0038] The description will be made as to the embodiments
of the present invention in conjunction with the accompany-
ing drawings in FIGS. 1-8. In accordance with the purposes of
this invention, as embodied and broadly described herein, this
invention, in one aspect, relates to an LCD device that utilizes
floating electrode switching (FES) to improve image quality
with viewing angle characteristic and light transmittance of
display.

[0039] Referring to FIG. 1, an LCD device 100 is schemati-
cally shown according to one embodiment of the present
invention. In this exemplary embodiment, the LCD device
100 includes a first structure 110 and a second structure 120
positioned apart to define a cell gap, H, therebetween, and a
liquid crystal layer 180 positioned in the cell gap H between
the first structure 110 and the second structure 120.

[0040] The liquid crystal layer 180 is filled with liquid
crystal molecules 182. In one embodiment, the liquid crystals
182 include a liquid crystal material having a positive dielec-
tric anisotropy, such as twisted nematic (TN) liquid crystals,
for example. The liquid crystals 182 are selected such that a
product of the refractive index 8, of the liquid crystals and the
cell gap H is in a range of about 0.15-0.60 um.

[0041] The first structure 110 includes a first substrate 112,
an insulation layer 114, a passivation layer 116, a first align-
ment layer 118, a plurality of pixel electrodes 140, a plurality
of common electrodes 150, a plurality of scanning lines (not
shown) and a plurality of signal lines 130.

[0042] Thefirst substrate 112 hasa first surface 112a and an
opposite, second surface 1125 defining a body portion 112¢
therebetween. The plurality of scanning lines is spacing-regu-
larly formed on the second surface 1125 of the first substrate
112 along a first direction. The insulation layer 114 is formed
on the second surface 1125 of the first substrate 112 to cover
the plurality of scanning lines thereon. The plurality of signal
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lines 130 are spacing-regularly formed on the insulation layer
114 crossing over the plurality of scanning lines in a second
direction that is substantially perpendicular to the first direc-
tion. Accordingly, the plurality of scanning lines and the
plurality of signal lines 130 are electrically insulated by the
insulation layer 114. On the insulation layer 114, the passi-
vation layer 116 is formed to cover the plurality of signal lines
130 thereon. The plurality of scanning lines and the plurality
of signal lines 130 define a plurality of pixels therewith. In
one embodiment, the plurality of pixels is arranged in a
matrix. The first direction corresponds to the row direction of
the pixel matrix, while the second direction corresponds to
the column direction of the pixel matrix.

[0043] Theplurality of first common electrodes 150 and the
plurality of pixel electrodes 140 are spacing-regularly formed
onthe passivation layer 116 along the second direction, where
each pixel electrode 140 is located between two neighboring
first common electrodes 150, and each pair of the plurality of
first common electrodes 150 is distantly located over a cor-
responding one of the plurality of date lines 130. In the
exemplary embodiment shown in FIG. 1, each pixel electrode
140 and one of its two neighboring first common electrodes
150 define a distance, D, therebetween, which is greater than
the cell gap H. As described below, the plurality of first
common electrodes 150 can also be formed such that only a
single common electrode 1s located over a corresponding one
of the plurality of date lines 130. According to embodiments
of the present invention, the plurality of first common elec-
trodes 150 and the plurality of pixel electrodes 140 are located
in a single plane (the passivation layer 116).

[0044] The insulation layer 112 is formed of an insulating
material such as silicon nitride (SiNx), silicon oxide (SiOx) or
silicon oxynitride (SiON), or the like. The passivation layer
116 is formed of SiNx, SiOx, SiON or organic insulating
material suchas polyimide, and has a thickness in the range of
about 0.1-10.0 pm.

[0045] Each of the plurality of pixel electrodes 140 and the
plurality of first common electrodes 150 is formed of a trans-
parent, conductive material including indium zinc oxide
(1Z0), amorphous indium tin oxide (ITO), poly ITO, or the
like, with athickness inthe range ofabout 0.01-3.0 um. In one
embodiment, the plurality of pixel electrodes 140 and the
plurality of first common electrodes 150 are in a lattice shape.
[0046] The first alignment layer 118 is formed on the pas-
sivation layer 116 to cover the plurality of pixel electrodes
140 and the plurality of first common electrodes 150 thereon.
The first alignment layer 118 has a rubbing axis with a pre-
tilted angle in a range of about 0-10 degrees relative to the
second direction so as to align the liquid crystals to a desired
direction initially.

[0047] Additionally, the first structure 110 also includes a
plurality of TFTs as switching elements (not shown). Each
TFT is formed between a scanning line and a signal line that
crosses the scanning line. The TFT includes a channel layer
formed on the scanning line, a source electrode extending
from the signal line and overlapped with one side of the
channel layer by a selected portion, and a drain electrode
overlapped with the other side of the channel layer by a
selected portion and connected to the pixel electrode.

[0048] The second structure 120 includes a second sub-
strate 122, a color filter layer 124, an overcoat layer 116, a
second alignment layer 118, a black matrix 190, a plurality of
floating electrodes 160, and a plurality of second common
electrodes 170.
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[0049] The second substrate 122 has a first surface 122a
and an opposite, second surface 1225 defining a body portion
122¢ therebetween. The black matrix 190 is formed on the
first surface 1224 of the second substrate 122 in a predeter-
mined pattern. The color filter layer 124 is formed on the
remaining portion of the second substrate 122. The overcoat
layer 126 is formed on the color filter layer 124 and the black
matrix 190. The plurality of second common electrodes 170
and the plurality of floating electrodes 160 are spacing-regu-
larly formed on the overcoat layer 126 along the second
direction, where each floating electrode 160 is located
between two neighboring second common electrodes 170,
and each pair of the plurality of second common electrodes
170 is distantly located under a corresponding portion of the
black matrix 190.

[0050] Each of the plurality of floating electrodes 160 and
the plurality of second common electrodes 170 is formed of a
transparent, conductive material including 170, amorphous
ITO, poly ITO, or the like, with a thickness in the range of
about 0.01-3.0 um. In one embodiment, the plurality of float-
ing electrodes 160 and the plurality of second common elec-
trodes 170 are in a lattice shape.

[0051] The second alignment layer 128 is formed on the
overcoat layer 126 to cover the plurality of floating electrodes
160 and the plurality of second common electrodes 170
thereon. The second alignment layer 128 has a rubbing axis
with a pre-tilted angle in a range of about 0-10 degrees rela-
tive to the second direction so as to align the liquid crystals to
a desired direction initially.

[0052] As shown in FIG. 1, the first structure 110 and the
second structure 120 are positioned relative to each other such
that a cell gap H is defined therebetween. Furthermore, each
of the plurality of floating electrodes 160 in the second struc-
ture 120 is positioned opposite a corresponding one of the
plurality of pixel electrodes 140 in the first structure 110, and
each of the plurality of second common electrodes 170 in the
second structure 120 is positioned opposite a corresponding
one of the plurality of first common electrodes 150 in the first
structure 110. Moreover, the black matrix 190 in the second
structure 120 is positioned opposite the plurality of scanning
lines and the plurality of signal lines 130 in the first structure
110.

[0053] Accordingly, a storage capacitor (not shown) is
formed at an overlapped portion of the common electrode and
the pixel electrodes. The storage capacitor holds data signal at
a desired voltage level during one frame.

[0054] Additionally, the LCD device 100 also includes a
polarizer and an analyzer (not shown). The polarizer is
formed on the first surface 1124 of the first substrate 112. The
polarizer has a polarizing axis in a first predetermined direc-
tion where the polarizing axis is optically related to the liquid
crystal layer 180. The analyzer is formed on the second sut-
face 1225 of the second substrate 122. The analyzer has an
absorbing axis in a second predetermined direction, where the
absorbing axis is optically related to the polarizer. The polar-
izing axis of the polarizer and the rubbing axis of the first
alignment layer 118 define an angle in a range of about 0-90
degrees. The polarizing axis of the polarizer is about 90
degrees relative to the absorbing axis of the analyzer.

[0055] For such a configuration of the LCD device 100,
when a signal voltage is applied to one of the transparent pixel
electrodes 140, the voltage at the transparent pixel electrode
140 is coupled to the corresponding floating electrode 160,
because the capacitance between the pixel electrode 140 and
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the floating electrode 160 is much larger than the capacitance
between the pixel electrode 140 and the common electrode
150(170). As aresult, the liquid crystals 182 rotate according
to an electric filed generated in the liquid crystal layer 180.
The field for driving liquid crystals in the cell gap without
dead zone is generated by the pixel electrode, floating elec-
trode and common electrodes. Accordingly, the LCD device
100 is capable of operating with very high transmittance,
wide viewing angle and fast response time.

[0056] FIG. 2(a) shows a dark state of light transmittance
284 from an LCD device, according to one embodiment of the
present invention. The LCD device includes two first com-
mon electrodes 250 and a pixel electrode 240 distantly
formed on a first substrate 210, two second common elec-
trodes 270 and a floating electrode 260 distantly formed on a
second substrate 220 that is positioned apart from the first
substrate 210 to define a cell gap (a liquid crystal layer) 280
therebetween that s filled with liquid crystals 282. In the dark
state, no electric field is generated in the liquid crystal layer
280. As a result, no light transmittance oflight 284 is obtained
from the LCD device. FIG. 2(b) shows a white state of light
transmittance 286 from the LCD device showing equal poten-
tial lines 285 formed within the liquid crystal layer 280.
Accordingly, the liquid crystals 282 can be oriented to desire
directions due to the induced electric field 285 in the liquid
crystal layer 280. The corresponding light transmittance
curve 286 of the LCD device 200 indicates that the light
transmittance is obtained over the pixel in the white state.

[0057] Referringto FIG. 3, an LCD device 300 according to
one embodiment of the present invention is schematically
shown, where figure (a) is a plane view of a unit pixel of the
LCD device 300 and figure (b) is a cross-sectional view of the
LCD device 300 along line A-A'.

[0058] TheLCD device 300 includes a first substrate 312, a
gate insulating film 314 formed on the first substrate 312, and
aplurality of scanning (gate) lines 335 and data (signal) lines
330, respectively, formed to cross each other and insulated by
the gate insulating film 314, thereby defining a plurality of
pixel regions 301 where they cross. The plurality of scanning
lines 335 is formed along a first direction 391 and plurality of
signal lines 330 is formed along a second direction 393 that is
substantially perpendicular to the first direction 391. Addi-
tionally, a plurality of common bus lines 359 is also formed on
the first substrate 312 with each common bus line 359 adja-
cent to a corresponding scanning line 335. A passivation layer
316 is formed on the gate insulating film 314 to cover the
plurality of signal lines 330.

[0059] Furthermore, the LCD device 300 includes a plural-
ity of pixel electrodes 341 and 343, and a plurality of first
common electrodes 351, 353 and 355 spacing-regularly and
alternatively formed on the passivation layer 316. In this
exemplary embodiment shown in FIG. 3, each pixel region
301 includes two pixel electrodes 341 and 343 and three first
common electrodes 351, 353 and 355. The first common
electrodes 353 and 355 are formed on the passivation layer
316 in regions over the corresponding signal line 330 and
scanning line 335, respectively, while the first common elec-
trode 351 is formed between the first common electrodes 353
and 355 on the passivation layer 316. The pixel electrode 341
is formed between the first common electrodes 353 and 351
on the passivation layer 316, while the pixel electrode 343 is
formed between the first common electrodes 351 and 355 on
the passivation layer 316.
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[0060] The pixel region 301 also includes a TFT 347. Tt is
used as a switching element and formed between the gate line
335 and the signal line 330. For example, the TFT 347
includes a gate electrode extending from the gate line 335, a
gate insulating film 314 formed on the gate electrode, a chan-
nel layer (not shown) formed on the gate insulating film 314
above the gate electrode, a source electrode extending from
the signal line 330 and overlapped with one side of the chan-
nel layer by a selected portion, and a drain electrode over-
lapped with the other side of the channel layer by a selected
portion and connected to the pixel electrodes 341 and 343.
The TFT 347 is capable of transmitting signals applied to the
signal line 330 to the pixel electrodes 341 and 343 in response
to a signal applied to the gate line 335.

[0061] Furthermore, the LCD device 300 include a second
substrate 322, a black matrix 390 formed on the second sub-
strate 322 in a predetermined pattern, a color filter film 324
formed on the remaining portion of the second substrate 322,
an overcoat layer 326 formed on the black matrix 390 and the
color filter film 326, and a plurality of second common elec-
trodes 371,373 and 375, and a plurality of floating electrodes
371 spacing-regularly and alternatively formed on the over-
coat layer 326.

[0062] As shown in FIG. 3, each pixel region 301 includes
two floating electrodes 361 and 363 and three second com-
mon electrodes 371, 373 and 375. The second common elec-
trodes 373 and 375 are formed on the overcoat layer 326 in
regions under the corresponding portion of the black matrix
390, while the second common electrode 371 is formed
between the second common electrodes 373 and 375 on the
overcoat layer 326. The floating electrode 361 is formed
between the second common electrodes 373 and 371 on the
overcoat layer 326, while the floating electrode 363 is formed
between the second common electrodes 371 and 375 on the
overcoat layer 326.

[0063] The second substrate 322 is positioned apart from
the first substrate 312 to define a cell gap therebetween for
receiving a liquid crystal layer 380. Furthermore, the first
substrate 312 and the second substrate 322 are positioned
relative to each other such that for each pixel region 301, the
floating electrodes 361 and 363 in the second substrate 371
are positioned opposite the corresponding pixel electrodes
341 and 342 in the first substrate 312, respectively. The sec-
ond common electrodes 371, 373 and 375 in the second
substrate 322 are positioned opposite the corresponding first
common electrodes 351, 353 and 357 in the first substrate
312, respectively. Additionally, the black matrix 190 in the
second substrate 322 is positioned opposite the correspond-
ing scanning lines 335 and signal lines 130 in the first sub-
strate 312. Accordingly, a storage capacitor 345 is formed at
an overlapped portion of the common electrode and the pixel
electrodes. The storage capacitor 345 holds data signal at a
desired voltage level during one frame.

[0064] FIG. 4-7 shows various embodiments of the LCD
device 400, 500, 600 or 700 according to the present inven-
tion. Each embodiment of the LCD device includes a unique
configuration of common electrodes, pixel electrodes and
floating electrodes formed on the first and second substrates.
[0065] For example, in the embodiment shown in FIG. 4,
each pixel region 401 has two pixel electrodes 441 and 443,
and three first common electrodes 451, 453 and 455 formed
on the first structure 410, which are in a same configuration as
these in FIG. 3, and two floating electrodes 461 and 462 and
two second common electrodes 473 and 475 formed on a
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second structure 420. Comprising to the LCD device shown
in FIG. 3, no second common electrode is formed between the
floating electrodes 461 and 463 on the second substrate in the
LCD device 400. For such a configuration, the LC efficiency
(transmittance) of the LCD device 400 may be slightly lower
than that of the LCD shown in FIG. 3. But it can reduce short
defect between common electrodes and floating electrodes by
fabrication process.

[0066] In the embodiment shown in FIG. 5, each pixel
region 501 has three second common electrodes 571,573 and
575 and no floating electrode formed on a second structure
520. Similarly, such a configuration of the LCD device 500
may reduce slightly the LC efficiency (transmittance), com-
paring to the LCD shown in FIG. 3, but it can reduce short
defect between common electrodes and floating electrodes by
fabrication process.

[0067] In the embodiment shown in FIG. 6, each pixel
region 601 has two first common electrodes 653 and 655 and
a pixel electrode 641 formed on the first structure 610, and
two second common electrodes 673 and 675 and a floating
electrode 661 formed on a second structure 620. The pixel
electrode 641 is located between two first common electrodes
653 and 655, while the floating electrode 661 is located
between two second common electrodes 673 and 675. In the
embodiment, the aperture ratio of pixels is improved, but
driving voltage is little higher than that of the LCD device
shown in FIG. 3.

[0068] The LCD device shown in FIG. 7 is same as that of
FIG. 1, where in each pixel region 701, a pixel electrode 741
and two pairs of first common electrodes 753 and 755 formed
on the first structure 710, a floating electrode 761 and two
second common electrodes 773 and 775 formed on the sec-
ond structure 720. Each pair of the first and second common
electrodes is located in a region over a corresponding signal
line. Accordingly, it can reduce RC delay of signal line by
reducing of overlap capacitance between common electrodes
and signal electrodes, but it may increase signal noise to pixel
electrodes.

[0069] Referring now to FIG. 8, a method 800 of fabricat-
ing the invented LCD device is schematically shown accord-
ing to one embodiment of the present invention. The method
includes the following steps. At first, a first substrate 810 is
provided. The first substrate 810 is formed of glass, or the
likes. Then, a plurality of gate electrodes 820 electrically
coupled to a gate line is formed spatially apart from one
another on the first substrate 810. Each pair of adjacent gate
electrodes 820 defining a pixel area 801 and a capacitor area
802 therebetween, where the pixel area 801 is adjacent to a
switching area 812 in which a corresponding gate electrode
820 is formed, as shown in FIG. 8(a). The gate electrode 820
is formed of a metal such as aluminum (Al), molybdenum
(Mo), chromium (Cr), tantalum (Ta), copper (Cu), multi-
layer or alloy.

[0070] A dielectric layer (gate insulation film) 830 is
formed on the first substrate 810 and the plurality of gate
electrodes 820. The gate insulation film 830 is formed of
SiNx, SiOx, or SiON. In one embodiment, the gate insulation
film 830 is formed in such a manner that SiNx or SiOx is
deposited on the first substrate 810 and the plurality of gate
electrodes 820 by plasma enhancement chemical vapor depo-
sition (PECVD).

[0071] A semiconductor layer 840 is then formed on the
gate insulation film 830 in each switching area 812. Subse-
quently, a contact layer 845 is formed on the semiconductor
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layer 840 and patterned to have a first contact portion 842 and
a second contact portion 844 separated from the first contact
portion 842, as shown in FIG. 8(b). The semiconductor layer
840 comprises an amorphous silicon or a poly silicon, or the
likes. The contact layer 845 is formed of a doped amorphous
silicon such as n* doped a-Si or p* doped a-Si. In one embodi-
ment, the semiconductor layer 840 and the contact layer 845
are formed in such a manner that the amorphous silicon (a-Si)
and the doped amorphous silicon (n™ doped a-Si or p™ doped
a-Si) are successively deposited by PECVD and then pat-
terned.

[0072] Alternatively, the gate insulation film 830 of SiNx or
SiOx, the amorphous silicon layer 840, and the doped amor-
phous silicon layer 845 may sequentially be deposited, and
the amorphous silicon layer 840 and the doped amorphous
silicon layer 845 may be patterned to form the semiconductor
layer 840 and the contact layer 845.

[0073] Afterwards, a metal layer 860 is formed on the semi-
conductor layer 840 and the contact layer 845 in each switch-
ing area 812. The metal layer 860 is patterned to have a first
portion 862 that is connected to a signal line and a second
portion 864 that is separated from the first portion 862 and
connected to the first pixel electrode layer 850 in a corre-
sponding pixel area 801, as shown in FIG. 8(c).

[0074] AsshowninFIG. 8(d), a passivation layer (film) 870
is then formed of a dielectric material such as SiNx or SiOx on
the metal layer 860 in each switching area 812 and each pixel
area 801, which defines a via hole for coupling the switching
device with the pixel electrode.

[0075] The next step. as shown in FIG. 8(e), is to form one
or more pixel electrodes 880 and two or more first common
electrodes 850, 890 on the passivation layer 870 in each pixel
area 801, which are formed ofa transparent, conductive mate-
rial including 170, amorphous ITO, poly ITO, or the like,
with a thickness in the range of about 0.01-3.0 um.

[0076] Additionally, the method further includes the steps
of providing a second substrate facing the first substrate and
forming two or more second common electrodes and/or one
or more floating electrodes on the second substrate. The lig-
uid crystals are injected into the liquid crystal layer defined
between the first substrate and the second substrate. The
liquid crystals have a positive dielectric anisotropy.

[0077] The present invention, among other things, dis-
closes an LCD device that utilizes the FES to improve image
quality with viewing angle characteristic and light transmit-
tance of display. According to the embodiments of the present
invention, the LCD device has a plurality of transparent first
common electrodes and pixel electrodes formed on a first
substrate, and a plurality of second transparent common elec-
trodes and/or floating electrodes formed ona second substrate
second substrate, where the first substrate and the second
substrate are positioned relative to each other such that each
second transparent common electrode on the second substrate
is opposite a corresponding transparent first common elec-
trodes on a first substrate, and each floating electrode on the
second substrate second substrate is opposite a corresponding
pixel electrode on the first substrate.

[0078] The foregoing description of the exemplary
embodiments of the invention has been presented only for the
purposes of illustration and description and is not intended to
be exhaustive or to limit the invention to the precise forms
disclosed. Many modifications and variations are possible in
light of the above teaching.
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[0079] The embodiments were chosen and described in
order to explain the principles of the invention and their
practical application so as to activate others skilled in the art
to utilize the invention and various embodiments and with
various modifications as are suited to the particular use con-
templated. Alternative embodiments will become apparent to
those skilled in the art to which the present invention pertains
without departing from its spitit and scope. Accordingly, the
scope of the present invention is defined by the appended
claims rather than the foregoing description and the exem-
plary embodiments described therein.

What is claimed is:
1. A liquid crystal display (LCD) device, comprising:
a. a first structure comprising:

1. a first substrate having a first surface and an opposite,
second surface defining a body portion therebetween;

il. aplurality of scanning lines spacing-regularly formed
on the second surface of the first substrate along a first
direction;

iili. an insulation layer formed on the first substrate cov-
ering the plurality of scanning lines;

iv. aplurality of signal lines spacing-regularly formed on
the insulation layer crossing over the plurality of scan-
ning lines along a second direction that is substan-
tially perpendicular to the first direction;

v. a passivation layer formed on the insulation layer
covering the plurality of signal lines thereon;

vi. a plurality of first common electrodes spacing-regu-
larly formed on the passivation layer along the second
direction; and

vii. a plurality of pixel electrodes spacing-regularly
formed on the passivation layer along the second
direction, each pixel electrode located between two
neighboring first common electrodes;

b. a second structure comprising:

1. a second substrate having a first surface and an oppo-
site, second surface defining a body portion therebe-
tween;

ii. a black matrix formed on the first surface of the
second substrate in a predetermined pattern;

ii1. a color filter layer formed on the remaining portion of
the second substrate;

iv. an overcoat layer formed on the color filter layer and
the black matrix;

v. a plurality of second common electrodes spacing-
regularly formed on the overcoat layer along the sec-
ond direction; and

vi. a plurality of floating electrodes spacing-regularly
formed on the overcoat layer along the second direc-
tion, each floating electrode located between two
neighboring second common electrodes,

wherein the first structure and the second structure are
positioned relative to each other such that a cell gap is
defined therebetween; each of the plurality of floating
electrodes in the second structure is positioned oppo-
site a corresponding one of the plurality of pixel elec-
trodes in the first structure; each of the plurality of
second common electrodes in the second structure is
positioned opposite a corresponding one of the plu-
rality of first common electrodes in the first structure,
and the black matrix in the second structure is posi-
tioned opposite the plurality of scanning lines and the
plurality of signal lines in the first structure, respec-
tively; and
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c. a liquid crystal layer positioned in the cell gap between
the first structure and the second structure.

2. The LCD device of claim 1, wherein the liquid crystal
layer comprises nematic liquid crystals having a positive
dielectric anisotropy.

3. The LCD device of claim 2, wherein the liquid crystals
are selected such that a product of the refractive index 9, of
the liquid crystals and the cell gap is in a range of about
0.15-0.60 um.

4. The LCD device of claim 1, wherein each pixel electrode
and one of its two neighboring first common electrodes define
a distance therebetween, which is greater than the cell gap.

5. The LCD device of claim 1, wherein the first structure
further comprises a first alignment layer formed on the pas-
sivation layer covering the plurality of pixel electrodes and
the plurality of first common electrodes thereon, and wherein
the second structure further comprises a second alignment
layer formed on the overcoat layer covering the plurality of
floating electrodes and the plurality of second common elec-
trodes thereon.

6. The LCD device of claim 5, wherein each of the first
alignment layer and the second alignment layer is formed to
have a rubbing axis with a pre-tilted angle in a range of about
0-10 degrees relative to the second direction so as to align the
liquid crystals to a desired direction.

7. The LCD device of claim 6, further comprising:

a. a polarizer formed on the first surface of the first sub-
strate, the polarizer having a polarizing axis in a first
predetermined direction, the polarizing axis being opti-
cally related to the liquid crystal layer; and

b. an analyzer formed on the second surface of the second
substrate, the analyzer having an absorbing axis in a
second predetermined direction, the absorbing axis
being optically related to the polarizer.

8. The LCD device of claim 7, wherein the polarizing axis
of the polarizer and the rubbing axis of the first alignment
layer define an angle in a range of about 0-90 degrees, and
wherein the polarizing axis of the polarizer is about 90
degrees relative to the absorbing axis of the analyzer.

9. The LCD device of claim 1, wherein each of the plurality
of first common electrodes is located over a corresponding
one of the plurality of date lines.

10. The LCD device of claim 1, wherein each pair of the
plurality of first common electrodes is distantly located over
a corresponding one of the plurality of date lines.

11. The LCD device of claim 1, wherein each of the plu-
rality of pixel electrodes, the plurality of floating electrodes,
the plurality of first common electrodes and the plurality of
second common electrodes is formed of a transparent, con-
ductive material including indium zinc oxide (IZO), amor-
phous indium tin oxide (ITO), poly ITO, or any combination
of them, with a thickness in the range of about 0.01-3.0 um.

12. A liquid crystal display (LCD) device, comprising:

a. afirst substrate and a second substrate positioned apart to
define a cell gap therebetween;

b. aliquid crystal layer positioned in the cell gap between
the first substrate and the second substrate;

c. aplurality of scanning lines formed on the first substrate
along a first direction and a plurality of signal lines
formed on the first substrate crossing over the plurality
of scanning lines along a second direction that is per-
pendicular to the first direction; and
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d. a plurality of pixels, each pixel being defined between
two neighboring scanning lines and two neighboring
signal lines crossing over the two neighboring scanning
lines and comprising:

1. an insulation layer formed on the first substrate;

il. two or more first common electrodes formed on the
insulation layer along the second direction, two of the
two or more first common electrodes located over the
two neighboring signal lines, respectively;

iii. one or more pixel electrodes formed on the insulation
layer between the two of the two or more first com-
mon electrodes along the second direction;

iv. a black matrix formed on the second substrate in
locations opposite the two neighboring scanning lines
and the two neighboring signal lines crossing over the
two neighboring scanning lines in the first substrate;

v. acolor filter layer formed on the second substrate in an
area surrounded by the black matrix;

vi. an overcoat layer formed on the black matrix and the
color filter; and

vii. at least one of one or more floating electrodes and
two or more second common electrodes formed on
the overcoat layer along the second direction in loca-
tions opposite corresponding ones of the one or more
pixel electrodes and the two or more first common
electrodes in the first substrate.

13. The LCD device of claim 12, wherein the liquid crystal
layer comprises nematic liquid crystals having a positive
dielectric anisotropy.

14. The LCD device of claim 13, wherein the liquid crys-
tals are selected such that a product of the refractive index 9,
of the liquid crystals and the cell gap is in a range of about
0.15-0.60 um.

15.The LCD device of claim 12, wherein each pixel further
comprises a switch device electrically coupled with the one or
more pixel electrodes.

16. The LCD device of claim 12, wherein each pixel further
comprises:

a. a first alignment layer formed on the passivation layer
covering the plurality of pixel electrodes and the plural-
ity of first common electrodes thereon; and

b. a second alignment layer formed on the overcoat layer
covering the plurality of floating electrodes and the plu-
rality of second common electrodes thereon.

17. The LCD device of claim 16, wherein each of the first
alignment layer and the second alignment layer is formed to
have a rubbing axis with a pre-tilted angle in a range of about
0-10 degrees relative to the second direction so as to align the
liquid crystals to a desired direction.

18. The LCD device of claim 17, further comprising:

a. a polarizer formed on an exterior surface of the first
substrate, the polarizer having a polarizing axis in a first
predetermined direction, the polarizing axis being opti-
cally related to the liquid crystal layer; and

b. an analyzer formed on an exterior of the second sub-
strate, the analyzer having an absorbing axis in a second
predetermined direction, the absorbing axis being opti-
cally related to the polarizer.
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19. The LCD device of claim 18, wherein the polarizing
axis of the polarizer and the rubbing axis of the first alignment
layer define an angle in a range of about 0-90 degrees, and
wherein the polarizing axis of the polarizer is about 90
degrees relative to the absorbing axis of the analyzer.

20. A liquid crystal display (LCD) device, comprising:

a. a first substrate and a second substrate positioned apart

from the first substrate;

b. a liquid crystal layer positioned between the first sub-
strate and the second substrate; and

c. a plurality of pixels, each pixel comprising:

1. two or more first common electrodes formed on the
first substrate;

il. one or more pixel electrodes formed on the first sub-
strate, each of the one or more pixel electrodes located
between two of the two or more first common elec-
trodes; and

iii. at least one of one or more floating electrodes and two
or more second common electrodes formed on the
second substrate in locations opposite corresponding
ones of the one or more pixel electrodes and the two or
more first common electrodes on the first substrate.

21. The LCD device of claim 20, wherein the liquid crystal
layer comprises nematic liquid crystals having a positive
dielectric anisotropy.

22.The LCD device of claim 20, wherein each pixel further
comprises a switch device electrically coupled with the one or
more pixel electrodes.

23. The LCD device of claim 20, wherein each pixel further
comprises:

a. a first alignment layer formed on the plurality of pixel
electrodes and the plurality of first common electrodes
thereon; and

b. a second alignment layer formed on the plurality of
floating electrodes and the plurality of second common
electrodes thereon.

24. The LCD device of claim 23, wherein each of the first
alignment layer and the second alignment layer is formed to
have a rubbing axis with a pre-tilted angle in a range of about
0-10 degrees relative to the direction of the one or more pixel
electrodes so as to align the liquid crystals to a desired direc-
tion.

25. A liquid crystal display (LCD) device, comprising:

a. a first substrate and a second substrate positioned apart

from the first substrate;

b. a liquid crystal layer positioned between the first sub-
strate and the second substrate; and

c. a plurality of pixels, each pixel comprising:

1. two or more first common electrodes formed on the
first substrate;

1. one or more pixel electrodes formed on the first sub-
strate, each of the one or more pixel electrodes located
between two of the two or more first common elec-
trodes; and

1i1. at least one floating electrode formed on the second
substrate in locations opposite corresponding one of
the one or more pixel electrodes on the first substrate.
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