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7) ABSTRACT

The display panel includes a first substrate, a second sub-
strate, pixel structures, a liquid crystal layer and a transpar-
ent conductive layer. The liquid crystal layer is disposed
between the pixel structures and the second substrate. The
transparent conductive layer is disposed between the second
substrate and the liquid crystal layer. When a liquid crystal
molecule of the liquid crystal layer is a positive liquid crystal
molecule, an absolute voltage difference between the trans-
parent conductive layer and the common electrode is smaller
than or equal to 2.3 volts(V). When the liquid crystal
molecule of the liquid crystal layer is a negative liquid
crystal molecule, the absolute voltage difference between
the transparent conductive layer and the common electrode
is smaller than or equal to 5V.
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DISPLAY PANEL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a Continuation-in-part of U.S.
application Ser. No. 15/613,290 filed on Jun. 5, 2017, which
claims priority to China Application Serial Number
201610404033.1 filed Jun. 8, 2016, all of which are herein
incorporated by reference.

BACKGROUND

Field of Invention

[0002] The present invention relates to a display panel.
More particularly, the present invention relates to a trans-
verse-electric-field type display panel in which a transparent
conductive layer is additionally disposed between two sub-
strates.

Description of Related Art

[0003] In general, a shielding electrode layer is disposed
on a surface of a color filter substrate opposite to a liquid
crystal layer in a display panel in order to prevent the vision
effect of the display panel from being affected by the
accumulation of electrostatic charges. The shielding elec-
trode layer has to be transparent, and therefore the material
of the shielding electrode layer generally includes transpar-
ent conductive material such as Indium tin oxide (ITO). FIG.
1 is a diagram illustrating a cross-sectional view of a
conventional transverse-electric-field type display panel.
Referring to FIG. 1, a display panel 100 includes a shielding
electrode layer 110, an upper substrate 120, a black matrix
layer 130, an over-coating layer 140, a liquid crystal layer
150, a common electrode 161, an insulation layer 162, a
pixel electrode 163 and a lower substrate 170. A transverse
electric field is generated between the common electrode
161 and the pixel electrode 163 to change the orientation of
a liquid crystal molecule. The shielding electrode layer 110
can prevent the display performance of the panel from being
affected by the electrostatic charges or electromagnetic
waves. However, in the conventional art, the shielding
electrode layer is formed on the surface of the color filter
substrate opposite to the liquid crystal layer while a thinner
display panel gradually becomes the mainstream of the
market, and therefore in general, a thinning process is
performed after the thin film transistor substrate is bonded to
the color filter substrate, and then the shielding electrode
layer is formed on the color filter substrate. The conven-
tional process is very complicated and the transportation
cost is relatively high. The recent trend is that the shielding
electrode layer is formed on the surface of the color filter
substrate facing the liquid crystal layer before the process of
bonding the thin film transistor substrate with the color filter
substrate and the thinning process. For the transverse-elec-
tric-field type display panel, the operation of moving the
shielding electrode layer into the inner side of the color filter
substrate results in that the vertical electric field between the
shielding electrode layer and the pixel electrode causes an
unpredictable orientation of the liquid crystal molecule, and
thus the display performance is affected. Therefore, it is an
issue for the people in the art about how to address the

Jun. 4, 2020

display-performance problem caused by moving the shield-
ing electrode layer into the inner side of the color filter
substrate.

SUMMARY

[0004] An objective of the invention is to provide a
display panel with better transmittance or contrast ratio.
[0005] Embodiments of the present invention provide a
display panel including a first substrate, a second substrate,
first to M? gate lines, pixel structures, a liquid crystal layer
and a transparent conductive layer. The second substrate is
disposed opposite to the first substrate. The first to M™ gate
lines are disposed on the first substrate. First to M* gate
signals are provided to the first to M” gate lines respectively,
and the i gate signal is at a high level in a first time period
of a first frame and in a second time period of a second frame
next to the first frame. M is a positive integer greater than or
equal to 2, and 1 is a positive integer less than or equal to the
positive integer M. The pixel structures are disposed
between the first substrate and the second substrate. Each of
the pixel structures includes a thin film transistor, a pixel
electrode and a common electrode. The liquid crystal layer
is disposed between the pixel structures and the second
substrate. The transparent conductive layer is disposed
between the second substrate and the liquid crystal layer.
When a liquid crystal molecule of the liquid crystal layer is
a positive liquid crystal molecule, an absolute voltage dif-
ference between the transparent conductive layer and the
common electrode is smaller than or equal to 2.3 volts(V),
the voltage of the transparent conductive layer is greater
than the voltage of the common electrode in the first time
period, the voltage of the transparent conductive layer is less
than the voltage of the common electrode in the second time
period, and the voltage of the common electrode in the first
time period is the same as the voltage of the common
electrode in the second time period. When the liquid crystal
molecule of the liquid crystal layer is a negative liquid
crystal molecule, the absolute voltage difference between
the transparent conductive layer and the common electrode
is smaller than or equal to 5V, the voltage of the transparent
conductive layer is greater than the voltage of the common
electrode in the first time period, the voltage of the trans-
parent conductive layer is less than the voltage of the
common electrode in the second period, and the voltage of
the common electrode in the first time period is the same as
the voltage of the common electrode in the second time
period.

[0006] In some embodiments, when the liquid crystal
molecule of the liquid crystal layer is the positive liquid
crystal molecule, the absolute voltage difference between
the transparent conductive layer and the common electrode
is smaller than or equal to 2.3V and is greater than or equal
to 1V.

[0007] In some embodiments, when the liquid crystal
molecule of the liquid crystal layer is the positive liquid
crystal molecule, the absolute voltage difference between
the transparent conductive layer and the common electrode
1s smaller than or equal to 2V and is greater than or equal to
1.4V.

[0008] In some embodiments, when the liquid crystal
molecule of the liquid crystal layer is the positive liquid
crystal molecule, the absolute voltage difference between
the transparent conductive layer and the common electrode
is equal to 1.7V.
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[0009] In some embodiments, when the liquid crystal
molecule of the liquid crystal layer is the negative liquid
crystal molecule, the absolute voltage difference between
the transparent conductive layer and the common electrode
is smaller than or equal to 4V and is greater than or equal to
V.

[0010] In some embodiments, when the liquid crystal
molecule of the liquid crystal layer is the negative liquid
crystal molecule, the absolute voltage difference between
the transparent conductive layer and the common electrode
is smaller than or equal to 3V and is greater than or equal to
2V.

[0011] In some embodiments, when the liquid crystal
molecule of the liquid crystal layer is the negative liquid
crystal molecule, the absolute voltage difference between
the transparent conductive layer and the common electrode
is equal to 2V.

[0012] In some embodiments, an insulation layer is dis-
posed on the thin film transistor. The insulation layer is
disposed on the pixel electrode, the common electrode is
disposed on the insulation layer, and the common electrode
has multiple slits.

[0013] In some embodiments, an insulation layer is dis-
posed on the thin film transistor. The insulation layer is
disposed on the common electrode, the pixel electrode is
disposed on the insulation layer, and the pixel electrode has
multiple slits.

[0014] In some embodiments, an insulation layer is dis-
posed on the thin film transistor. The pixel electrode and the
common electrode are disposed on the insulation layer
coplanarly. Each of the common electrode and the pixel
electrode respectively comprises multiple finger-type elec-
trodes, and the finger-type electrodes of the common elec-
trode are interlaced with the finger-type electrodes of the
pixel electrode.

[0015] In some embodiments, a black matrix layer is
disposed between the second substrate and the liquid crystal
layer. The transparent conductive layer is disposed between
the second substrate and the black matrix layer.

[0016] In some embodiments, a black matrix layer is
disposed between the second substrate and the liquid crystal
layer. An over-coating layer is disposed between the black
matrix layer and the liquid crystal layer. The transparent
conductive layer is disposed between the black matrix layer
and the over-coating layer.

[0017] In some embodiments, a black matrix layer is
disposed between the second substrate and the liquid crystal
layer. An over-coating layer is disposed between the black
matrix layer and the liquid crystal layer. The transparent
conductive layer is disposed between the over-coating layer
and the liquid crystal layer.

[0018] In some embodiments, the absolute voltage differ-
ence between the transparent conductive layer and the
common electrode in the first time period is the same as that
in the second time period.

[0019] In some embodiments, the voltage of the common
electrode has a direct current (DC) waveform, and the
voltage of the transparent conductive layer has an alternative
current (AC) waveform.

[0020] The invention, compared with the prior art, at least
has advantages of better contrast ratio or transmittance.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The invention can be more fully understood by
reading the following detailed description of the embodi-
ment, with reference made to the accompanying drawings as
follows.

[0022] FIG. 1 is a diagram illustrating a cross-sectional
view of a conventional transverse-electric-field type display
panel.

[0023] FIG. 2A is a diagram illustrating a top view of pixel
structures in a display panel in accordance with an embodi-
ment.

[0024] FIG. 2B-FIG. 2D are diagrams illustrating cross-
sectional views of transverse-electric-field type display pan-
els in accordance with three different embodiments.

[0025] FIG. 3A and FIG. 3B are diagrams illustrating
curves of the transmittance with respect to voltages in
different embodiments.

[0026] FIG. 4A and FIG. 4B are diagrams illustrating
curves of transmittance with respect to different voltages in
accordance with the embodiment of FIG. 2B.

[0027] FIG. 5A and FIG. 5B are diagrams illustrating
curves of transmittance with respect to different voltages in
accordance with the embodiment of FIG. 2C.

[0028] FIG. 6A and FIG. 6B are diagrams illustrating
curves of transmittance with respect to different voltages in
accordance with the embodiment of FIG. 2D.

[0029] FIG. 7A illustrates a table for the brightness of
display panel with respect to the voltage difference between
the transparent conductive layer and the common electrode
and the voltage difference between the pixel electrode and
the common electrode in accordance with an embodiment.
[0030] FIG. 7B is a diagram illustrating a curve of contrast
ratio with respect to the voltage difference between the
transparent conductive layer and the common electrode in
accordance with the embodiment of FIG. 7A.

[0031] FIG. 7C illustrates a table for the brightness of
display panel with respect to the voltage difference between
the transparent conductive layer and the common electrode
and the voltage difference between the pixel electrode and
the common electrode in accordance with another embodi-
ment.

[0032] FIG. 7D s a diagram illustrating a curve of contrast
ratio with respect to the voltage difference between the
transparent conductive layer and the common electrode in
accordance with the embodiment of FIG. 7C.

[0033] FIG. 8A and FIG. 8B are diagrams illustrating
curves of transmittance of the display panel with different
voltage differences between the transparent conductive layer
230 and the common electrode 273 in accordance with an
embodiment.

[0034] FIG. 8C, FIG. 8D and FIG. 8E illustrates tables for
transmittance of the display panel with respect to the volt-
ages difference between the transparent conductive layer and
the common electrode in accordance with an embodiment.
[0035] FIG. 9A is a diagram illustrating waveforms of the
voltages of the pixel electrode 272, the common electrode
273 and the transparent conductive layer 230 in different
frames in accordance with an embodiment.

[0036] FIG. 9B is a diagram illustrating waveforms of the
voltages of the gate lines, the common electrode 273 and the
transparent conductive layer 230 of the display panel in
different frames in accordance with another embodiment.
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[0037] FIG. 9C is a diagram illustrating waveforms of the
voltages of the pixel electrode 272, the common electrode
273, and the transparent conductive layer 230 in a pixel unit
corresponding to FIG. 9B.

[0038] FIG. 9D is a diagram illustrating waveforms of the
voltages of the pixel electrode 272, the common electrode
273 and the transparent conductive layer 230 in different
frames in accordance with an embodiment.

[0039] FIG. 10A is a diagram illustrating the top view of
the display panel in accordance with another embodiment.
[0040] FIG. 10B is a diagram illustrating a cross-sectional
view of the display panel along a cut line II-II' in FIG. 10A.
[0041] FIG. 10C and FIG. 10D are diagrams illustrating
the cross-sectional view of the display panel in accordance
with different embodiments.

[0042] FIG. 10E is a diagram illustrating the top view of
a pixel structure in a conventional TIPS display panel.
[0043] FIG. 10F is a diagram illustrating a cross-sectional
view of the display along with a cut line I1I-I1I" in FIG. 10E.

DETAILED DESCRIPTION

[0044] Specific embodiments of the present invention are
further described in detail below with reference to the
accompanying drawings, however, the embodiments
described are not intended to limit the present invention and
it is not intended for the description of operation to limit the
order of implementation. Moreover, any device with equiva-
lent functions that are produced from a structure formed by
arecombination of elements shall fall within the scope of the
present invention. Additionally, the drawings are only illus-
trative and are not drawn to actual size.

[0045] The using of “first”, “second”, “third”, etc. in the
specification should be understood for identifying units or
data described by the same terminology, but are not referred
to particular order or sequence.

[0046] A transverse-electric-field type display panel such
as an in-plane switching (IPS) display panel, an IPS-Pro
display panel, a fringe field switching (FFS) display panel,
or another display panel controlling liquid crystals by trans-
verse electric field is provided. The transverse-electric-field
type display panel includes a first substrate and a second
substrate opposite to the each other. Multiple pixel structures
and a liquid crystal layer are disposed between the first
substrate and the second substrate. Note that the pixel
structures described herein are the pixel structures disposed
in the display region of the display panel and do not include
dummy pixel. Each pixel structure includes a thin film
transistor, a pixel electrode and a common electrode. In
particular, a transparent conductive layer is disposed
between the first substrate and the second substrate for
shielding the display panel from static electricity or electro-
magnetic wave. Several embodiments will be provided
below to describe the disposition and voltage of the trans-
parent conductive layer (also referred to as a shielding
electrode layer).

[0047] Referring to FIG. 2A and FIG. 2B, FIG. 2A is a
diagram illustrating a top view of pixel structures in a
display panel in accordance with an embodiment, and FIG.
2B is a diagram illustrating a cross-sectional view of the
display panel viewed along a cut line I-I' in FIG. 2A. A
display panel 200 includes a first substrate 210 and a second
substrate 220 opposite to the each other. The first substrate
210 has a first surface 210a and a second surface 2105
opposite to the each other. The second substrate 220 has a
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first surface 220a and a second surface 2205 opposite to the
each other. The first surface 210a of the first substrate 210
faces the first surface 220a of the second substrate 220. A
transparent conductive layer 230, a color filter layer 241, a
black matrix layer 242, an over-coating layer 250, a liquid
crystal layer 260 and a pixel structure 270 are disposed
between the first substrate 210 and the second substrate 220.
The pixel structure 270 is disposed on the first surface 210a
of the first substrate 210. The transparent conductive layer
230, the black matrix layer 242, the color filter layer 241 and
the over-coating layer 250 are sequentially disposed on the
first surface 220a of the second substrate 220. For simpli-
fication, only the pixel structure 270 on the first substrate
210 is illustrated in FIG. 2A, and not all units (e.g. may
further including an alignment film, a polarizer, etc.) are
illustrated in FIG. 2B.

[0048] As shown in FIG. 2A and FIG. 2B, a gate line 281
and a data line 282 are disposed on the first surface 2104 of
the first substrate 210, and they intersect to form a unit pixel
region. Note that only one pixel structure 270 formed in the
unit pixel region is illustrated in FIG. 2A and FIG. 2B, but
in the embodiment, the display panel 200 includes multiple
pixel structures 270 formed respectively in different unit
pixel regions. The pixel structure 270 includes a thin film
transistor 271, a pixel electrode 272 and a common electrode
273. The thin film transistor 271 has a drain electrode 271a
electrically connected to the pixel electrode 272, a source
electrode 2716 electrically connected to the data line 282,
and a gate electrode 271¢ electrically connected to the gate
line 281. A gate insulation layer 280 is formed between the
gate electrode 271c¢ and a semiconductor layer 271d. The
common electrode 273 is disposed above the pixel electrode
272, and an insulation layer 290 is disposed between the
pixel electrode 272 and the common electrode 273. In other
words, the insulation layer 290 is disposed on the thin film
transistor 271 and the pixel electrode 272, and the common
electrode 273 is disposed on the insulation layer 290. The
common electrode 273 has multiple slits 273s. The pixel
electrode 272 is a plate structure without slits. When a
voltage difference occurs between the pixel electrode 272
and the common electrode 273, a transverse (horizontal)
electric field is generated between the pixel electrode 272
and the common electrode 273 to orient a liquid crystal
molecule 2601 in the liquid crystal layer 260. People in the
art should be able to understand the operation principle of
the transverse-electric-field type display panel, and therefore
the detail will not be described herein.

[0049] The transparent conductive layer 230 is disposed
on the first surface 220qa of the second substrate 220 and has
a first surface 230¢ facing the first substrate 210 and a
second surface 2305 facing the second substrate 220. The
transparent conductive layer 230 is used for shielding the
display panel 200 from the electromagnetic interference
(EMI) so that the vision effect would not be affected. The
transparent conductive layer 230 is also used to remove
electrostatic charges on the second substrate 220 to avoid the
accumulation of the electrostatic charges on the display
panel 200, which may result in the damage of the compo-
nents of the display panel 200 or an unexpected orientation
of the liquid crystal molecule 2601 affecting the display
performance. The material of the transparent conductive
layer 230 may include indium tin oxide (ITO), indium zinc
oxide (IZ0), antimony tin oxide (ATO), fluorine tin oxide
(FTO) or other conductive and transparent material.
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[0050] The color filter layer 241 and the black matrix layer
242 are disposed on the first surface 230a of the transparent
conductive layer 230. The color filter layer 241 includes
multiple regions with respect to different colors (e.g. red,
green and blue) to correspond to different unit pixel regions.
The black matrix layer 242 is disposed corresponding to the
thin film transistor 271, the gate line 281, the data line 282
or other opaque regions, but the invention is not limited
thereto. The black matrix layer 242 may be called light
shielding layer. A material of the black matrix layer 242 is,
for example, black resin. However, the invention is not
limited thereto, and in other embodiments, the material of
the black matrix layer 242 can also be other light-shielding
materials.

[0051] The over-coating layer 250 is disposed between the
color filter layer 241/black matrix layer 242 and the liquid
crystal layer 260. A surface 2414 of the color filter layer 241
and a surface 242a of the black matrix layer 242 facing the
liquid crystal layer 260 have uneven structures, and there-
fore the over-coating layer 250 has a planar surface 250a for
planarization to avoid irregular inclined angles of the liquid
crystal molecule 260L in the liquid crystal layer 260 caused
by the uneven structures.

[0052] In the embodiment of FIG. 2B, the transparent
conductive layer 230 is disposed between the second sub-
strate 220 and the color filter layer 241/black matrix layer
242, but the invention is not limited thereto. If the transpar-
ent conductive layer 230 is disposed between the second
substrate 220 and the liquid crystal layer 260, it provides the
functions of shielding for EMI and discharging the electro-
static charges. For example, in the embodiment of FIG. 2C,
adisplay panel 300 includes the transparent conductive layer
230 disposed between the color filter layer 241/black matrix
layer 242 and the over-coating layer 250. In the embodiment
of FIG. 2D, a display panel 400 includes the transparent
conductive layer 230 disposed between the over-coating
layer 250 and the liquid crystal layer 260. The difference
between F1G. 2B, F1G. 2C and FIG. 2C is that the sequernces
of the color filter layer 241/black matrix layer 242, the
transparent conductive layer 230 and the over-coating layer
260 stacked on the second substrate 220 are different. In the
embodiments of FIG. 2C and FIG. 2D, the structure of the
thin film transistor 271 and the connection between the thin
film transistor 271 and the pixel electrode 272 are the same
with that in the embodiment of FIG. 2B. Therefore, the thin
film transistor 271 is not labeled in FIG. 2C and FIG. 2D,
and the structure of the thin film transistor 271, the connec-
tion between the thin film transistor 271 and the pixel
electrode 272 will not be repeated for simplification. In
addition, the top view of the pixel structure in FIG. 2C and
FIG. 2D may be referred to FIG. 2A. The aforementioned
different embodiments would affect the transmittance (i.e.
light transmittance, abbreviated to transmittance herein) of
the display panels 200, 300 and 400 differently. The type
(e.g. positive or negative) of the liquid crystal molecule
260L would also affect the orientation of the liquid crystal
molecule 260L relative to the electric field. Therefore, the
influence over the transmittance is discussed with respect to
the positive liquid crystal (LC) and negative LC.

[0053] FIG. 3A is a diagram illustrating curves of the
transmittance with respect to voltages in different embodi-
ments. FIG. 3A illustrates curves of transmittance of the
display panel having positive LC, in which the horizontal
axis represents a pixel voltage and the vertical axis repre-
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sents the transmittance of the display panel. There are four
curves 301-304 in FIG. 3A representing the conventional art
in FIG. 1 and the embodiments of FIG. 2B to FIG. 2D
respectively. The curves 301-304 have different labels in
accordance with the disposition sequence of the second
substrate, the transparent conductive layer, the color filter
layer and the over-coating layer from top to down. To be
specific, the curve 301 corresponding to the FIG. 1 is labeled
as “ITO/Glass/RGB/OC”; the curve 302 corresponding to
FIG. 2B is labeled as “Glass/ITO/RGB/OC”; the curve 303
corresponding to FIG. 2C is labeled as “Glass/RGB/ITO/
OC”; and the curve 304 corresponding to FIG. 2D is labeled
as “Glass/RGB/OC/ITO”. As shown in FIG. 3A, the trans-
mittance represented by the curve 302 is slightly lower than
that of the curve 301, the transmittance represented by the
curve 303 is slightly lower than that of the curve 302, and
the transmittance represented by the curve 304 significantly
drops relative to the curves 301-303. In the conventional art
of FIG. 1, the transparent conductive layer is disposed on the
surface of the second substrate opposite to the liquid crystal
layer, and therefore the distance between the transparent
conductive layer and the pixel electrode is equal to the
summation of the thicknesses of the second substrate, the
color filter layer, the over-coating layer, the liquid crystal
layer and the insulation layer. However, the distance
between the transparent conductive layer 230 and the pixel
electrode 272 is equal to the summation of the thicknesses
of the color filter layer 241, the over-coating layer 250, the
liquid crystal layer 260 and the insulation layer 290 in the
embodiment of FIG. 2B, and is equal to the summation of
the thicknesses of the over-coating layer 250, the liquid
crystal layer 260, and insulation layer 290 in the embodi-
ment of FIG. 2C, and is equal to the summation of the
thicknesses of the liquid crystal layer 260 and the insulation
layer 290 in the embodiment of FIG. 2D. The vertical
electric field between the transparent conductive layer 230
and the pixel electrode 272 is proportional to the voltage
difference between the transparent conductive layer 230 and
the pixel electrode 272 divided by the distance between the
transparent conductive layer 230 and the pixel electrode
272, and therefore the vertical electric fields between the
transparent conductive layer 230 and the pixel electrode 272
in FIG. 1 and FIG. 2B to FIG. 2D have a relation of FIG.
2D>FIC. 2C>FIG. 2B>FIG. 1. The liquid crystal molecule
260L is driven by the transverse electric field between the
pixel electrode 272 and the common electrode 273 to control
the transmittance of the display panels in the embodiments
of FIG. 1, FIGS. 2B-2D, and therefore when the vertical
electric field between the transparent conductive layer 230
and the pixel electrode 272 is too large, it would cause an
unexpected orientation of the liquid crystal molecule 260L
and thus the transmittance drops. FIG. 3B is a diagram
illustrating curves of the display panel having negative LC.
Curve 311-314 correspond to the conventional art in FIG. 1,
and the embodiments of FIG. 2B to FIG. 2D respectively.
Similarly, the transmittance represented by the curve 312 is
slightly lower than that by the curve 311, the transmittance
represented by the curve 313 is slightly lower than that by
the curve 312, and the transmittance represented by the
curve 314 significantly drops relative to the curves 311-103.
It is known from FIGS. 3A and 3B that the transmittance just
slightly drops compared with the conventional art no matter
the transparent conductive layer 230 is disposed between the
second substrate 220 and the color filter layer 241 or
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disposed between the color filter layer 241 and the over-
coating layer 250, and no matter positive LC or negative LC
is used. Note that the voltage between the transparent
conductive layer 230 and the common electrode 273 is 0V
in the embodiments of FIG. 3A and FIG. 3B.

[0054] Referring to FIG. 2B to FIG. 2D, how the voltage
of the transparent conductive layer 230 is determined will be
described below. Basically, the electric field between the
common electrode 273 and the pixel electrode 272 deter-
mines the orientation of the liquid crystal molecule 260L.
For example, when the common electrode 273 and the pixel
electrode 272 have the same voltage (i.e. the voltage differ-
ence between the common electrode 273 and the pixel
electrode 272 is equal to 0), the light will be blocked by the
polarizer, and thus the display panel 200 is in a dark state
(i.e. color of black is shown). In contrast, when an absolute
voltage difference between the common electrode 273 and
the pixel electrode 272 is maximized, the orientation of the
liquid crystal molecule 260L would maximize the light
passing through the polarizer, and thus the display panel 200
is in a bright state. The brightness of the display panel 200
in the bright state divided by the brightness in the dark state
is referred to as contrast ratio (CR). Note that when a voltage
difference occurs between the transparent conductive layer
230 and the pixel electrode 272 or the common electrode
273, the vertical electric field occurs between the transparent
conductive layer 230 and the pixel electrode 272 or the
common electrode 273, and the electric field may affect the
orientation of the liquid crystal molecule 260L and affect the
transmittance and the contrast ratio. In the invention, the
voltage of the transparent conductive layer 230 is set to be
in a particular range so that the display panel 200 has better
CR and/or transmittance. Experimental data is provided
below.

[0055] The transmittance is first discussed. Three embodi-
ments show shown in the following Table 1. In the first
embodiment, the voltage of the common electrode 273 is 1
volts (V), and the voltage of the pixel electrode 272 is in a
range from 1V to 6V. In the second embodiment, the voltage
of the common electrode 273 is OV, and the voltage of the
pixel electrode 272 is in a range from OV to 5V. In the third
embodiment, the voltage of the common electrode 273 is
-1V, and the voltage of the pixel electrode 272 is in a range
from -1V to 4V. The three embodiments have one thing in
common that the voltage difference between the common
electrode 273 and the pixel electrode 272 is OV in the dark
state, and the absolute voltage difference between the com-
mon electrode 273 and the pixel electrode 272 is 5V in the
bright state. However, the absolute voltage difference
between the common electrode 273 and the pixel electrode
272 in the bright state may be 4V, 6V or other values in other
embodiments.

TABLE 1

common electrode pixel electrode

1V 1V-6V
ov 0OV-5V
-1V -1Vv4V

[0056] If the voltage of the transparent conductive layer
230 has three possibilities of =1V, OV and 1V, and the three
embodiments of Table 1 are also considered, then the
voltage difference between the transparent conductive layer
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230 and the common electrode 273 would have 9 embodi-
ments as shown in the following Table 2.

TABLE 2

Voltage of transparent conductive
layer minus voltage of the pixel
electrede

maximum pixel

common electrode transparent conductive layer

electrode (bright state) -1V ov 1V

-1V 4V -5V -4V -3V

ov 5V -6V -5V -4V

1v 6V -7V -6V -5V
[0057] For example, if the third embodiment of Table 1 is

adopted and the voltage of the transparent conductive layer
is =1V, then the voltage of the transparent conductive layer
230 minus the voltage of the pixel electrode 272 is —1-4=-
5(V), and so on. In Table 2, the voltage difference between
the transparent conductive layer 230 and the pixel electrode
272 has maximum of -3V and minimum of -7V. In general,
when the absolute voltage difference between the transpar-
ent conductive layer 230 and the pixel electrode 272 gets
larger, the liquid crystal molecule 2601 between the trans-
parent conductive layer 230 and the pixel electrode 272
would be affected by the vertical electric field between the
transparent conductive layer 230 and the pixel electrode 272
more seriously, and thus the transmittance drops. Therefore,
the larger the absolute voltage difference between the trans-
parent conductive layer 230 and the pixel electrode 272 is,
the lower the transmittance of the display panel is. That is to
say, the smaller the absolute voltage difference is, the higher
the transmittance is. In Table 2, the best transmittance occurs
when the voltage of the transparent conductive layer 230 is
1V and the voltage of the common electrode 273 is -1V; and
the worst transmittance occurs when the voltage of the
transparent conductive layer 230 is -1V and the voltage of
the common electrode 273 is 1V. Experimental data will be
provided to support the statement.

[0058] FIG. 4A and FIG. 4B are diagrams illustrating
curves of transmittance with respect to different voltages in
accordance with the embodiment of FIG. 2B. Referring to
FIG. 4A and FIG. 4B, the horizontal axis represents the
voltage difference between the pixel electrode 272 and the
common electrode 273, the vertical axis represents the
transmittance of the display panel. FIG. 4A illustrates the
transmittance of the display panel having positive LC, in
which the curve labeled as “Reference(Positive LC)” cor-
responds to the conventional art of FIG. 1. FIG. 4B illus-
trates the transmittance of the display panel having negative
LC, in which the curve labeled as “Reference(Negative LC)”
corresponds to the conventional art of FIG. 1. Regarding the
other curves, “CF” represents the transparent conductive
layer 230 on the second substrate 220, and “Array” repre-
sents the common electrode 273 on the first substrate 210.
For example, the curve labeled as “CF_1V/Array_-1V”
represents the transmittance when the voltage of the trans-
parent conductive layer 230 is 1V and the voltage of the
common electrode 273 is -1V, and so on. In FIG. 4A, the
curve 401 labeled as “CF_1V/Array_-1V” has the highest
transmittance, the curve 402 labeled as “CF_-1V/Array_
1V” has the lowest transmittance. In FIG. 4B, the curve 411
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labeled as “CF_1V/Array_-1V” has the highest transmit-
tance, and the curve 412 labeled as “CF_-1V/Array 1V”
has the lowest transmittance.

[0059] Note that as discussed, there are 9 embodiments
with respect to the voltages between the transparent con-
ductive layer 230 and the common electrode 273, but not all
9 embodiments are illustrated in FIG. 4A and FIG. 4B for
clearly illustrating the curves. Complete data of the 9
embodiments in FIG. 4A is shown in the following Table 3.
To be specific, four curves of “CF_-1V/Array_0V”, “CF_
O0V/Array_0V”, “CF_OV/Array_-1V”, and “CF_-1V/Ar-
ray_-1V” are omitted in FIG. 4A, but the transmittances
represented by the four curves are not higher than curve 401
and not lower than the curve 402. In the following Table 3,
the first column represents the voltage difference (i.e. the
horizontal axis in FIG. 4A) between the pixel electrode 272
and the common electrode 273, the percentages shown in the
table represent the transmittances (i.e. the vertical axis in
FIG. 4A), and “CR” represents the contrast ratio. Note that
“Substrate_Shielding BM/RGB_OC” in Table 3 corre-
sponds to the structures of FIG. 2B, and that is, the second
substrate 220, the transparent conductive layer 230, the
black matrix layer 242/color filter layer 241, and the over-
coating layer 250 are disposed from top to down. In other
words, the transparent conductive layer 230, the black
matrix layer 242/color filter layer 241, and the over-coating
layer 250 are sequentially stacked on the second substrate
220.

TABLE 3

Substrate_shielding BM/RGB_OC Positive LC

CF_-1V/Array -1V CP_OV/Array -1V CF_-1V/Array -1V

0 0.01% 0.01% 0.01%
0.5 0.01% 0.01% 0.01%
0.04% 0.04% 0.06%
15 0.22% 0.22% 0.30%
2 1.15% 1.36% 1.67%
2.5 4.10% 4.30% 4.73%
3 7.27% 7.58% 8.03%
35 9.89% 10.34% 10.72%
4 11.72% 12.23% 12.62%
45 12.84% 13.41% 13.771%
5 13.40% 14.02% 14.36%
CR 1341.012193 1402.389166 1431.806766

CF_-1V/Array_0V CF_0V/Array 0V CF_1V/Array 0V

0 0.01% 0.01% 0.01%
0.5 0.01% 0.01% 0.01%
0.03% 0.04% 0.04%
15 0.24% 0.21% 0.24%
2 1.37% 1.22% 1.27%
2.5 3.91% 3.86% 4.30%
3 6.69% 7.25% 7.58%
35 9.06% 9.89% 10.31%
4 10.78% 11.73% 12.23%
4.3 11.88% 12.85% 13.41%
5 12.43% 13.40% 14.01%
CR 1243.269261 1340.573503 1401.168337

CF_-1V/Array_1V CF_0V/Array 1V CF_1V/Array IV

0 0.01% 0.01% 0.01%
0.5 0.01% 0.01% 0.01%

0.04% 0.03% 0.03%
15 0.31% 0.24% 0.21%

1.14% 1.37% 1.23%
2.5 2.57% 3.89% 4.06%
3 4.54% 6.68% 7.30%
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TABLE 3-continued

Substrate_shielding BM/RGB_OC Positive LC

35 6.70% 9.06% 9.88%

4 8.50% 10.78% 11.72%

45 9.79% 11.88% 12.84%

5 10.46% 12.44% 13.40%

CR 1042.893569 1244.325284 1340.515467
[0060] On the other hand, complete data of the 9 embodi-

ments in FIG. 4B is shown in the following Table 4. Three
curves of “CF_-1V/Array_0V”, “CF_-1V/Array_-1V” and
“CF_0V/Array_-1V” are omitted in FIG. 4B. Similarly, the
transmittances represented by the omitted three curves are
not higher than the curve 411, and not lower than the curve
412. The drawing principle for Table 4 is similar to that of
Table. 3, and therefore will not be repeated.

TABLE 4

Substrate_Shielding BM/RGB_OC Negative LC

CF_-1V/ CF_0V/ CF_1V/
Array -1V Array -1V Array -1V
0 0.01% 0.01% 0.01%
0.5 0.01% 0.01% 0.01%
0.02% 0.03% 0.03%
1.5 0.11% 0.13% 0.13%
2 0.49% 0.60% 0.72%
25 2.16% 2.48% 2.31%
3 4.91% 6.01% 6.27%
35 8.58% 9.21% 9.57%
4 11.18% 11.71% 12.17%
4.5 13.05% 13.63% 13.76%
5 14.31% 14.77% 14.78%
CR 1427.833108 1474.010496 1474.261726
CF_-1V/ CF_0V/ CF_1V/
Array OV Array 0V Array_0V
0 0.01% 0.01% 0.01%
0.5 0.01% 0.01% 0.01%
0.02% 0.03% 0.03%
1.5 0.08% 0.11% 0.13%
2 0.40% 0.56% 0.54%
25 1.69% 2.00% 2.24%
3 4.19% 5.31% 5.86%
35 7.711% 8.57% 9.20%
4 10.47% 11.30% 11.73%
4.5 12.46% 13.16% 13.54%
5 13.90% 14.35% 14.63%
CR 1386.627666 1431.761898 1459.608408
CF_-1V/ CF_0V/ CF_1V/
Array 1V Array 1V Array_1V
0 0.01% 0.01% 0.01%
0.5 0.01% 0.01% 0.01%
0.02% 0.02% 0.02%
1.5 0.07% 0.09% 0.11%
2 0.29% 0.35% 0.48%
25 1.23% 1.68% 1.83%
3.57% 4.07% 5.02%
35 6.64% 7.68% 8.53%
4 9.35% 10.35% 11.12%
4.5 11.49% 12.45% 13.08%
5 13.14% 13.89% 14.41%
CR 1309.935512 1385.698556 1437.979453

[0061] FIG. 5A and FIG. 5B are diagrams illustrating
curves of transmittance with respect to different voltages in
accordance with the embodiment of FIG. 2C. FIG. 5A
illustrate the transmittance of the display panel having
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positive LC, and FIG. 5B illustrates the transmittance of the
display panel having negative LC. In FIG. 5A, the curve 501
labeled as “CF_1V/Array_-1V” has the highest transmit-
tance, and the curve 502 labeled as “CF_-1V/Array_1V”
has the lowest transmittance. In FIG. 5B, the curve 511
labeled as “CF_1V/Array_-1V” has the highest transmit-
tance, the curve 512 labeled as “CF_-1V/Array_1V” has the
lowest transmittance.
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[0063] On the other hand, complete data of FIG. 5B is
shown in the following Table 6. Three curves of “CF_-1V/
Array_0V”, “CF_0V/Array_-1V”, and “CF_0V/Array_0V”
are omitted in FIG. 5B, and the transmittances represented
by the three omitted curves are not higher than the curve 511
and not lower than the curve 512.

TABLE 6

[0062] Similarly, not all 9 embodiments are illustrated in Substrate_BM/RGE_Shiclding_OC Negative LC
FIG. 5A, and complete data of the 9 embodiments is shown
. . < . CF_-1V/ CF_0V/ CF_1v/
in the following Table 5. To be specific, four curves of Ay 1V Ay 1V A 1V
“CF_-1V/Array_0V”, “CF_OV/Array_~1V”, “CF_OV/Ar- . S i
ray_OV” and “CF_-1V/Array_-1V” are omitted in FIG. 5A, 0 0.01% 0.01% 0.01%
but the transmittances represented by the four omitted 0.5 0.01% 0.01% 0.01%
curves are not higher than the curve 501 and not lower than 0.02% 0.03% 0.03%
N b . 15 0.10% 0.14% 0.16%
the curve 502. Similarly, “Substrate_ BM/RGB_Shielding 5 0.46% 0.60% 0.68%
OC” in Table 5 corresponds to the structure of FIG. 2C, that 25 1.84% 2.31% 2.37%
is, the second substrate 220, the black matrix layer 242/color 3 4.76% 3.93% 5.90%
filter layer 241, the transparent conductive layer 230, and the 2'5 13'223’ 1?'282?’ 13'322?’
over-coating layer 250 are disposed from top to down. 45 12:430/: 13:300/2 1 3:6902
5 13.87% 14.52% 14.81%
TABLE 5 CR 1383.538816 1447.943582 1473.68574
Substrate_BM/RGB Shiclding OC Positive LC CE-1V/ CEOV/ CE_LV/
Array OV Array 0V Array_0V
CF_-1V/ CF_0V/ CF_1V/
Artay -1V Aray -1V Aray -1V 0 0.01% 0.01% 0.01%
0.5 0.01% 0.01% 0.01%
0 0.01% 0.01% 0.01% 0.02% 0.02% 0.03%
0.5 0.01% 0.01% 0.02% 1.5 0.07% 0.10% 0.13%
1 0.03% 0.04% 0.08% 2 0.30% 0.47% 0.65%
1.5 0.18% 0.25% 0.46% 25 1.19% 1.64% L.97%
2 1.02% 1.19% 1.81% 3 3.30% 4.90% 5.47%
2.5 4.03% 4.26% 5.07% 3.5 6.23% 1.87% 9.03%
3 7.02% 7.60% 8.47% 4 8.95% 10.47% 11.60%
35 0.45% 10.23% 10.87% 45 11.03% 12.50% 13.34%
4 11.13% 12.13% 12.73% 5 12.79% 13.84% 14.47%
45 12.13% 13.31% 13.83% CR 1276.110283 1380.490266 1443.912643
5 12.64% 13.87% 14.40%
CR 1264.232586 1387.109964 1390.092671 CF_-1V/ CF_0V/ CF_1V/
Array 1V Array 1V Array_1V
CF-1V/ CF_0V/ CF_1V/
Array_0V Array_0V Array 0V 0 0.01% 0.01% 0.01%
0.5 0.01% 0.01% 0.01%
0 0.01% 0.01% 0.01% 1 0.02% 0.02% 0.02%
0.5 0.01% 0.01% 0.01% 15 0.05% 0.07% 0.10%
! 0.04% 0.03% 0.04% 2 0.17% 0.27% 0.43%
éj ?ﬁf géﬁf’ ?fégf 2.5 0.64% 1.11% 1.89%
oo 2L 27 3 2.10% 3.21% 4.54%
25 2.64% 4.01% 4.29% 3s 1550 6200 177%
3 4.40% 7.01% 7.55% " B 8 920 L0.63%
3.5 6.23% 9.45% 10.24% 45 0350, 1500 1.470%
4 7.98% 11.12% 12.13% : 27 27 I
45 9.14% 12.13% 13.33% 3 11.21% 12.67% 13.85%
3 9.76% 12.64% 13.85% CR 1115.696557 1263.904208 1381.81641
CR 976.1700288 1264.281548 1384.638076
CF_-1V/ CF_0V/ CF_1V/ . . .
Amay 1V Ammay 1V Amay 1V [0064] FIG. 6A and FIG. 6B are diagrams illustrating
curves of transmittance with respect to different voltages in
0 0.01% 0.01% 0.01% accordance with the embodiment of FIG. 2D. FIG. 6A
0.3 0.02% 0.01% 0.01% il h . T the displ 1 havi
1 013% 0.04% 0.03% illustrates the transmittance of the display panel having
15 0.60% 0.28% 0.18% positive LC, and FIG. 6B illustrates the transmittance of the
2 1.60% 1.19% 0.93% display panel having negative LC. In FIG. 6 A, except for the
23 3.01% 2.64% 3.51% reference curve 602, the curve 601 labeled as “CF_1V/
3 4.58% 4.41% 6.97% s > . -
35 6.00% 6.35% 0.43% Array_—1V” has the highest transmittance, the curve 603
4 7.01% 8.00% 11.12% labeled as “CF_-1V/Array_1V” has the lowest transmit-
‘5"5 ;;ng‘ g;ng‘ géng tance. In FIG. 6B, except for the reference curve 612, the
CR 152.5104514 0776306232 1263689167 curve 611 labeled as “CF_1V/Array_-1V” has the highest

transmittance, and the curve 613 labeled as “CF_-1V/
Array_1V” has the lowest transmittance.
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[0065] Complete data of FIG. 6A is shown in the follow-
ing Table 7. Four cures of “CF_-1V/Array_0V”, “CF_0V/
Array_-1V”, “CF_0V/Array_0V”, and “CF_-1V/Array_-
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TABLE 8

Substrate BM/RGB_OC_Shielding Negative LC

1V” are omitted in FIG. 6A, but the transmittances CF_-1V/ CF_0V/ CF_1V/
represented by the four omitted curves are not higher than Armay -1V Array -1V Array -1V
E‘he curve 601 a/nd not lower t.han. th’e’ curve 603. Similarly, 0 001% 0.01% 0.01%
Substrate_ BM/RGB_OC_Shielding” in Table 7 corre- 0.5 0.01% 0.01% 0.01%
sponds to the structure of FIG. 2D, that is, the second 1 0.02% 0.03% 0.03%
: 1.5 0.06% 0.11% 0.12%
substrate 220, the black matrix layer 242/color filter layer - : : :
. 2 0.24% 0.40% 0.47%
241, the over-coating layer 250, and the transparent con- 25 0.87% L60% 174%
ductive layer 230 are disposed from top to down. 3 2.17% 4.60% 5.01%
3.5 5.07% 7.63% 8.49%
4 7.30% 9.96% 10.93%
TABLE 7 4.3 9.19% 11.79% 12.72%
5 10.75% 13.12% 13.93%
Substrate BM/RGB_OC_Shielding Positive LC CR 1072.607216 1306.014322 1352.012857
CF_-1V/ CF_0V/ CF_1V/ CF -1V/ CF_0V/ CF_1V/
Array_-1V Array_-1V Array_-1V Array_0V Array_0V Array_0V
0 0.01% 0.01% 0.09% 0 0.01% 0.01% 0.01%
05 0.01% 0.01% 0.28% 0.5 0.01% 0.01% 0.01%
1 0.03% 0.05% 0.50% 1 0.01% 0.02% 0.03%
15 0.20% 0.26% 0.81% L5 0.03% 0.06% 0.10%
2 1.21% 1.20% 1.42% 2 0.10% 0.24% 0.45%
23 2.86% 3.88% 4.10% 23 0.29% 0-89% 1.30%
3 3.98% 7.24% 7.21% 3 0.81% 2.29% 3.98%
35 4.95% 9.80% 9.76% 3.3 213% +89% 7.61%
4 5.85% 11.50% 11.59% 4 4.03% 7:29% 9.98%
4.3 6.07% 9.18% 11.79%
4.5 6.54% 12.38% 13.05% 5 = 650 1074% 1515%
9 719 A - - .
3 6.94% 12.71% 13.92% CR 760.9103357 1071.994746 1308.602663
CR 694.7747569 1262.236793 160.730722
CF_-1V/ CF_0V/ CF_1V/
CF_-1V/ CF_0V/ CF_1V/ Array_1V Array_1V Array_1V
Array 0V Array 0V Array 0V
0 0.01% 0.01% 0.01%
0.01% 0.01% 0.01% 0.5 0.01% 0.01% 0.01%
05 0.01% 0.01% 0.01% 1 0.01% 0.01% 0.02%
0.10% 0.03% 0.05% 1.5 0.02% 0.03% 0.06%
L5 0.50% 0.20% 0.25% 2 . 0.04% 0.09% 0.23%
2 1.29% 1.22% 1.29% . o e pu
. 0 . 0 . 0
[ 9 %
23 22% 2-88% 412% 35 0.71% 2.14% 5.00%
3 3.12% 4.02% 7.24% 4 L75% 4.24% 799%
3.5 3.78% 4.95% 9.80% 45 3.24% 6.04% 9.18%
4 4.21% 5.85% 11.50% 5 5.01% 7.65% 10.74%
4.5 4.45% 6.54% 12.39% CR 486.447791 761.4666732 1071.654355
5 4.56% 6.94% 12.71%
CR 453.142883 694.6411794 1263.555208 .
[0067] Therefore, the best transmittance occurs when the
CF_-1V/ CF_OV/ CF_1V/ voltage of the transparent conductive layer 230 is 1V and the
Array 1V Array 1V Armay_1V voltage of the common electrode 273 is -1V (that is, the
difference between the voltage of the transparent conductive
0 0.09% 0.01% 0.01% layer 230 and the maximum voltage of the pixel electrode
05 0.05% 0.01% 0.01% 272 is -3V); the worst transmittance occurs when the
s 8?23’ 8'182/" 8'(1)%’ voltage of the transparent conductive layer 230 is -1V and
5 N 200/” i 90; ’ o1 o the voltage of the common electrode 273 is 1V (that is, the
. 0 WL 0 . 70 . .
25 L 64% 535% 2 86% difference between the voltage of the transparent conductive
3 1.98% 312% 2.08% layer‘ 230 and the maximum Vo‘ltage of the p‘ixel electrode
35 2.20% 3.78% 4.98% 272 is —7V) among the 9 embodiments according to the data
4 2.43% 4.22% 5.87% shown in FIG. 4A, FIG. 4B, FIG. 5A, FIG. 5B, FIG. 6A,
45 2.49% 4.45% 6.55% FIG. 6B, and Table 3 to Table 8.
3 2.54% 4.55% 6.96% [0068] The contrast ratio is discussed herein. Data for the
CR 29.27983662 452.1263789 696.6168194

[0066] Complete data of FIG. 6B is shown in the follow-
ing Table 8. Two curves of “CF_0V/Array_0V” and “CF_-
1V/Array_-1V” are omitted in the FIG. 6B, but the trans-
mittances represented by the two omitted curves are not
higher than the curve 611 and not lower than the curve 613.

contrast ratio is shown as figures because the tables are too
big. Brightness of the display panel is listed in tables of FIG.
7A and FIG. 7C in accordance with the voltage of the
transparent conductive layer 230, the pixel electrode 272
and the common electrode 273. The contrast ratio corre-
sponding to FIG. 7A and FIG. 7C are shown in FIG. 7B and
FIG. 7D respectively. FIGS. 7A and 7B are for positive LC,
and FIG. 7C and FIG. 7D are for negative L.C.
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[0069] Values in the first row of the tables in FIG. 7A and
FIG. 7C represents the voltage of the transparent conductive
layer 230 minus the voltage of the common electrode 273,
and the range is from OV to 5V; values in the first column
represents the voltage of the pixel electrode 272 minus the
voltage of the common electrode 273, and the range is from
0V to 5V; other values except for the last row are the
brightness of the display panel. When the voltage difference
between the pixel electrode 272 and the common electrode
273 1s OV, the display panel is in the dark state, and therefore
the brightness of the display panel is relatively low. For
example, the brightness in the second row of FIG. 7A is in
a range from 0.5 to 13.1. When the voltage difference
between the pixel electrode 272 and the common electrode
273 is 5V, the display panel is in the bright state, and
therefore the brightness of the display panel is relatively
high. For example, the brightness in the second last row of
FIG. 7TAis in a range from 402 to 722. The contrast ratio, as
shown in the last row of FIG. 7A, is calculated by dividing
the brightness of the bright state by the brightness of the dark
state.

[0070] Take the display panel with positive LC as an
example, referring to FIG. 7A and FIG. 7B, the vertical axis
represent contrast ratio and the horizontal axis represents the
voltage difference between the transparent conductive layer
230 and the common electrode 273 in FIG. 7B. When the
voltage difference between the transparent conductive layer
230 and the common electrode 273 is OV (refer to the second
column of FIG. 7A), the lowest brightness is 0.499779 (the
number is rounded as 0.5 in FIG. 7A), the highest brightness
is 631.86 (the number is rounded as 632 in FIG. 7A), and
therefore the contrast ratio is 1264. When the voltage
difference between the transparent conductive layer 230 and
the common electrode 273 is 5V (refer to the last column),
the lowest brightness is 13.141548 (the number is rounded
as 13.1 in FIG. 7A), the highest brightness is 401.6571 (the
number is rounded as 402 in FIG. 7A), and therefore the
contrast ratio is 31.

[0071] As shown in FIG. 7A and FIG. 7B, when the
voltage difference between the transparent conductive layer
230 and the common electrode 273 is greater than 2.3V, the
contrast ratio of the display panel with positive LC drops
significantly. Therefore, in some embodiment, it is set that
the voltage of the transparent conductive layer 230 minus
the voltage of the common electrode 273 is greater than or
equal to OV and smaller than or equal to 2.3V (i.e. OV the
voltage of the transparent conductive layer 230 minus the
voltage of the common electrode 273<2.3V). In addition,
when the voltage difference between the transparent con-
ductive layer 230 and the common electrode 273 is smaller
than 1V, the contrast ratio of the display panel slightly drops.
Therefore, in some embodiments, it is preferably set that the
voltage of the transparent conductive layer 230 minus the
voltage of the common electrode 273 is smaller than or equal
to 2.3V and greater than or equal to 1V. In some embodi-
ments, it is further set that the voltage of the transparent
conductive layer 230 minus the voltage of the common
electrode 273 is smaller than or equal to 2V and greater than
or equal to 1.4V for further setting a preferred range of
contrast ratio. In some embodiments, it is set that the voltage
of the transparent conductive layer 230 minus the voltage of
the common electrode 273 is equal to 1.7V for maximizing
the contrast ratio.
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[0072] Note that when the display panel operates, the
polarity of the liquid crystal has to be reversed in adjacent
frames to avoid the DC residual effect. In the aforemen-
tioned embodiment, the voltage of the pixel electrode 272 is
greater than or equal to the voltage of the common electrode
273, and the voltage of the transparent conductive layer 230
is greater than the voltage of the common electrode 273.
After the polarity is reversed (in the next frame), the voltage
of the pixel electrode 272 is smaller than the voltage of the
common electrode 273, and therefore it may be set that the
voltage of the transparent conductive layer 230 is smaller
than the voltage of the common electrode 273, and the
voltage of the common electrode 273 minus the voltage of
the transparent conductive layer 230 is smaller than or equal
to 2.3V for obtaining a preferred contrast ratio. In other
words, the absolute voltage difference between the transpar-
ent conductive layer 230 and the common electrode 273 may
be set as any voltage value which is greater than or equal to
0V and smaller than or equal to 2.3V, or as any voltage value
which is smaller than or equal to 2.3V and greater than or
equal to 1V, or as any voltage value which is smaller than or
equal to 2V and greater than or equal to 1.4V, or as 1.7V for
obtaining a preferred contrast ratio. Note that although the
voltage of the common electrode 273 is 0V in the embodi-
ments of FIG. 7A and FIG. 7B, when the voltage of the
common electrode 273 is altered, the voltage of the trans-
parent conductive layer 230 may be altered correspondingly.
For example, if the voltage of the common electrode 273 is
1V, then the voltage of the transparent conductive layer 230
may be set to be smaller than or equal to 3.3V and greater
than or equal to -1.3V; if the voltage of the common
electrode 273 1s -1V, then the voltage of the transparent
conductive layer 230 may be set to be smaller than or equal
to 1.3V and greater than or equal to -3.3V, and so on.

[0073] Referring to FIG. 7C and FIG. 7D, for the display
panel having negative LC, when the voltage difference
between the transparent conductive layer 230 and the com-
mon electrode 273 1s in a range from OV to 5V, the contrast
ratio of the display panel is higher than 1350. Therefore, in
some embodiments, the absolute voltage difference between
the transparent conductive layer 230 and the common elec-
trode 273 is set as any voltage value which is smaller than
or equal to 5V and greater than or equal to OV. In addition,
when the voltage difference between the transparent con-
ductive layer 230 and the common electrode 273 is greater
than 4V or smaller than 1V, the contrast ratio of the display
panel drops significantly. Therefore, in some embodiments,
the absolute voltage difference between the transparent
conductive layer 230 and the common electrode 273 is set as
any voltage value which is smaller than or equal to 4V and
greater than or equal to 1V. Moreover, when the voltage
difference between the transparent conductive layer 230 and
the common electrode 273 is greater than 3V or smaller than
2V, the contrast ratio of the display panel drops slightly.
Therefore, in some embodiments, the absolute voltage dif-
ference between the transparent conductive layer 230 and
the common electrode 273 is set as any voltage value which
is smaller than or equal to 3V and greater than or equal to
2V. In some embodiments, the absolute voltage difference
between the transparent conductive layer 230 and the com-
mon electrode 273 is preferably set as any voltage value
which is smaller than or equal to 2.9V and greater than or
equal to 2V to set a preferred range of the contrast ratio. In
some embodiments, the absolute voltage difference between
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the transparent conductive layer 230 and the common elec-
trode 273 is set as 2V to maximize the contrast ratio.

[0074] FIG. 8A and FIG. 8B are diagrams illustrating
curves of transmittance of the display panel with different
voltage differences between the transparent conductive layer
230 and the common electrode 273 in accordance with an
embodiment. Curves of transmittance for the display panel
having positive LC are illustrated in FIG. 8A, and curves of
transmittance for the display panel having negative LC are
illustrated in FIG. 8B. The horizontal axis represents the
voltage difference between the pixel electrode 272 and the
common electrode 273, and the vertical axis represents the
transmittance. The label for each curve represents the volt-
age difference between the transparent conductive layer 230
and the common electrode 273. For clarity. not all data is
shown in FIG. 8A and FIG. 8B. Complete data of FIG. 8A
is shown in FIG. 8C and FIG. 8D, in which the first row
represent the voltage difference between the transparent
conductive layer 230 and the common electrode 273, and the
first columns presents the voltage difference between the
pixel electrode 272 and the common electrode 273, and
other values represent the transmittances. In addition, com-
plete data of FIG. 8B is shown in FIG. 8E. The drawing
principle of FIG. 8E is similar to that of FIG. 8C and FIG.
8D. In FIG. 8A, the curve 801 and the curve 802 respectively
represent the transmittances corresponding to the voltage
differences 2.4V and 1.7V between the transparent conduc-
tive layer 230 and the common electrode 273. The curve 801
is close to the curve 802, but the contrast ratio drops when
the voltage difference between the transparent conductive
layer 230 and the common electrode 273 is 2.4V as shown
in FIG. 7A and FIG. 7B, and therefore the display perfor-
mance of the display panel in which the absolute voltage
difference between the transparent conductive layer 230 and
the common electrode 273 is 1.7V is better than that of the
display panel in which the absolute voltage difference
between the transparent conductive layer 230 and the com-
mon electrode 273 is 2.4V when both the transmittance and
the contrast ratio are considered. Curves of transmittance for
the voltage differences OV, 1V, 2V, 3V, 4V and 5V between
the transparent conductive layer 230 and the common elec-
trode 273 are shown in FIG. 8B. The curve 811 represents
the voltage of 2V. As shown in FIGS. 8B and 8E, all curves
of transmittance are close to each other even the voltage
differences between the transparent conductive layer 230
and the common electrode 273 are different from each other.
The voltage difference between the transparent conductive
layer 230 and the common electrode 273 may be set more
flexibly to obtain better display performance for the display
panel having negative L.C, compared to the display panel
having positive LC, because all contrast ratios in FIGS. 7C
and 7D are very high even the voltage differences between
the transparent conductive layer 230 and the common elec-
trode 273 are different.

[0075] The display performance of the display panel is
determined based on the contrast ratio and the transmittance.
In addition, a circuit providing the voltage to the transparent
conductive layer 230 is designed in accordance with the
absolute voltage difference between the transparent conduc-
tive layer 230 and the common electrode 273. Accordingly,
the absolute voltage difference between the transparent
conductive layer 230 and the common electrode 273 can be
set to be in an appropriate range based on the disclosure of
FIG. 7A to FIG. 7D and FIG. 8C to FIG. 8E. For example,
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the absolute voltage difference between the transparent
conductive layer 230 and the common electrode 273 may be
set to be greater than or equal to x and smaller than or equal
to y, where x and y are real numbers, and x is smaller than
or equal to y. As discussed above, for the display panel
having positive LC, the contrast ratio of the display panel
drops significantly when the absolute voltage difference
between the transparent conductive layer 230 and the com-
mon electrode 273 is greater than 2.3V, and the contrast ratio
is higher than 1200 when the voltage difference between the
transparent conductive layer 230 and the common electrode
273 is in a range from 0V to 2.3V. Therefore, the real number
x may be 0, 1, 1.4, 1.7, or any real number in a range from
0t01.7 (eg.0,1,1.1,1.2, 1.3, 1.4, 1.5, 1.6 or 1.7 as shown
in FIG. 7A), and the real number y may be 1.7, 2.3, or any
real number in a range from 1.7to 2.3 (e.g. 1.7, 1.8, 1.9, 2,
2.1, 2.2 or 2.3 as shown in FIG. 7A) for the display panel
having positive LC. For the display panel having negative
LC, the contrast ratio of the display panel is higher than 1350
when the absolute voltage difference between the transpar-
ent conductive layer 230 and the common electrode 273 is
in a range from OV to 5V; the contrast ratio of the display
panel drops significantly when the voltage difference
between the transparent conductive layer 230 and the com-
mon electrode 273 is greater than 4V or smaller than 1V; and
the contrast ratio of the display panel drops slightly when the
absolute voltage difference between the transparent conduc-
tive layer 230 and the common electrode 273 is greater than
3V or smaller than 2V. Therefore, the real number x may be
0, 1, 2, or any real number in a range from O to 2, and the
real number y may be 2, 2.3, 3, 4, or any real number in a
range from 2to 5 (e.g. 2,2.1,2.2,2.3,2.4,2.5,2.6,2.7, 2.8,
2.9,30, 4 or 5 as shown in FIG. 7C) for the display panel
having negative LC. The circuit providing the voltage to the
transparent conductive layer 230 is designed according to
the absolute voltage difference between the transparent
conductive layer 230 and the common electrode 273, and
therefore a voltage value in the aforementioned range can be
chosen as the absolute voltage difference between the trans-
parent conductive layer 230 and the common electrode 273
according to the type of liquid crystal, the transmittance, the
contrast ratio and the design of the circuit providing the
voltages.

[0076] FIG. 9A is a diagram illustrating waveforms of the
voltages of the pixel electrode 272, the common electrode
273 and the transparent conductive layer 230 in different
frames in accordance with an embodiment. In the embodi-
ment, frames N to (N+5) are shown in FIG. 9A, in which N
is a positive integer. The polarity of the liquid crystal
molecule is reversed in adjacent frames. To be specific, the
voltage of the pixel electrode 272 has a waveform 910 which
amplitude is in a range from -5V to 5V. Note that the
waveform 910 only represents the maximum absolute volt-
age of the pixel electrode 272 in each frame in FIG. 9A.
However, the voltage of the pixel electrode 272 may be in
the range from 0 to 5V in the frames N, (N+2) and (N+4),
and in the range from 0 to -5V in the frames (N+1), (N+3)
and (N+5). The voltage of the common electrode 273 has a
waveform 920 which amplitude is fixed at OV. In the frames
N, (N+2) and (N+4), the voltage of the pixel electrode 272
is greater than or equal to the voltage of the common
electrode 273. In the frames (N+1), (N+3) and (N+5), the
voltage of the pixel electrode 272 is smaller than or equal to
the voltage of the common electrode 273.
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[0077] In the embodiment of FIG. 9A, the voltage of the
transparent conductive layer 230 has a waveform 930 which
is overlapped with the waveform 920. In other words, the
voltage of the transparent conductive layer 230 and the
voltage of the common electrode 273 are the same, and the
voltage difference between the transparent conductive layer
230 and the common electrode 273 is OV.

[0078] Referring to FIG. 9B and FIG. 9C, FIG. 9B is a
diagram illustrating waveforms of the voltages of gate lines,
the common electrode 273 and the transparent conductive
layer 230 of the display panel in different frames in accor-
dance with another embodiment, and FIG. 9C is a diagram
illustrating waveforms of the voltages of the pixel electrode
272, the common electrode 273, and the transparent con-
ductive layer 230 in a pixel unit corresponding to FIG. 9B.
In the embodiment, the display panel includes M gate lines
which respectively receive gate signals (also referred to as
scan signals) G(1)-G(M) where M is a positive integer
greater than or equal to 2. The gate signals G(1)-G(M) may
be provided by a Gate Driver on Array (GOA) circuit or at
least one chip, but the invention is not limited thereto.
Frames N to (N+5) are shown in FIG. 9B and FIG. 9C, in
which N is a positive integer with any value. The polarity of
the liquid crystal molecule is reversed in adjacent frames. In
each frame, the gate signals G(1)-G(M) switch from a low
level to a high level sequentially to turn on the thin film
transistors which are connected to the M gate lines, such that
image signals are provided to the pixel electrodes through
the data lines and the thin film transistors. The voltage of
each gate signals G(1)-G(M) remains at the high level for a
while (e.g. high level periods T(1)-T(M)) and then switches
from the high level to the low level sequentially. The high
level periods of every adjacent two of the gate signals
G(1)-G(M) do not overlap with each other in the embodi-
ment, but the invention is not limited thereto. In other
embodiments, the high level periods of every adjacent two
of the gate signals G(1)-G(M) partially overlay with each
other. The voltage of the pixel electrode 272 has a waveform
910 in the range from -5V to 5V. Note that the waveform
910 only represents the maximum absolute voltage of the
pixel electrode 272 in each frame in FIG. 9C. However, the
voltage of the pixel electrode 272 may be in the range from
0 to 5V in the frames N, (N+2) and (N+4), and in the range
from 0 to -5V in the frames (N+1), (N+3) and (N+5). The
voltage of the common electrode 273 has a waveform 920
fixed at OV. The voltage of the pixel electrode 272 is greater
than or equal to the voltage of the common electrode 273 in
the frames N, (N+2) and (N+4). The voltage of the pixel
electrode 272 is less than or equal to the voltage of the
common electrode 273 in the frames (N+1), (N+3) and
(N+5). However, in the embodiment, the voltage of the
transparent conductive layer 230 has a waveform 940, and
the absolute voltage difference between the waveform 940
and the waveform 920 is X. The sign of the voltage
difference between the transparent conductive layer 230 and
the common electrode 273 changes due to the polarity
reversal. In the frames N, (N+2) and (N+4), the voltage of
the transparent conductive layer 230 is greater than the
voltage of the common electrode 273; in the frames (N+1),
(N+3) and (N+5), the voltage of the transparent conductive
layer 230 is smaller than the voltage of the common elec-
trode 273. As shown in FIG. 9B, in each of the frames N to
(N+5), the gate signal G(i) of the i” gate line of the display
panel has a corresponding high level period where 1 is a
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positive integer which is greater or equal to 1 and is less than
or equal to the positive integer M. In the high level periods
of the gate signal G(i) in the frames N, (N+2) and (N+4), the
voltage of the transparent conductive layer 230 is greater
than that of the common electrode 273; in the high level
periods of the gate signal G(i) in the frames (N+1), (N+3)
and (N+5), the voltage of the transparent conductive layer
230 is less than that of the common electrode 273. In detail,
the voltage of the gate signal G(i) is at a high level in a first
time period of a first frame and in a second time period of
a second frame next to the first frame. The voltage of the
common electrode 273 in the first time period is equal to the
voltage of the common electrode 273 in the second time
period. The voltage of the first transparent conductive layer
230 in the first time period is greater than the voltage of the
common electrode 273, and the voltage of the first trans-
parent conductive layer 230 in the second time period is less
than the voltage of the common electrode 273; or the voltage
of the first transparent conductive layer 230 in the first time
period is less than the voltage of the common electrode 273,
and the voltage of the first transparent conductive layer 230
in the second time period is greater than the voltage of the
common electrode 273. In other words, in the embodiment,
the voltage of the common electrode 273 is at a fixed level
(i.e. the voltage of the common electrode 273 has a direct
current (DC) waveform), but the voltage of the transparent
conductive layer 230 changes in two adjacent frames (i.e.
the voltage of the transparent conductive layer 230 has an
alternative current (AC) waveform). As shown in FIG. 9B,
in the embodiment, the voltage of the gate signal G(i) is at
a high level in a first time period of a first frame and in a
second time period of a second frame next to the first frame,
the voltage of the first transparent conductive layer 230 in
the first time period is at a fixed level, and the voltage of the
first transparent conductive layer 230 in the second time
period is at another fixed level. For example, the voltage of
the first transparent conductive layer 230 keeps at X volt in
the first time period, and the voltage of the first transparent
conductive layer 230 keeps at =X volt in the second time
period; or the voltage of the first transparent conductive
layer 230 keeps at =X volt in the first time period, and the
voltage of the first transparent conductive layer 230 keeps at
X volt in the second time period. As discussed above, if
positive LC is adopted, the absolute voltage difference
between the transparent conductive layer 230 and the com-
mon electrode 273 is preferably 1.7V; and if negative LC is
adopted, the absolute voltage difference between the trans-
parent conductive layer 230 and the common electrode 273
is preferably 2V. Therefore, in the frames N, (N+2) and
(N+4), the amplitude of the waveform 940 for the display
panel with positive LC may be set as 1.7V, and the amplitude
of the waveform 940 for the display panel with negative LC
may be set as 2V. In the frames (N+1), (N+3) and (N+5), the
amplitude of the waveform 940 for the display panel with
positive LC may be set as —1.7V, and the amplitude of the
waveform 940 for the display panel with negative LC may
be set as =2V (that is, X is equal to 1.7 or 2). However, the
amplitude of the waveform 940 is not limited thereto. A
preferred absolute voltage difference between the transpar-
ent conductive layer 230 and the common electrode 273 can
be chosen according to the type of the liquid crystal (positive
or negative), the contrast ratio and the transmittance so as to
design the waveform 940.
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[0079] In the embodiments of FIG. 9A-9C, the voltage of
the common electrode 273 is fixed and has DC waveform.
In the embodiment of FIG. 9A, the voltage of the transparent
conductive layer 230 is equal to the voltage of the common
electrode 273, and thus both of the voltages of the transpar-
ent conductive layer 230 and the common electrode 273
have DC waveforms. In the embodiments of FIG. 9B and
FIG. 9C, the waveform of the voltage of the transparent
conductive layer 230 is different from that of the voltage of
the common electrode 273, and the voltage of the transpar-
ent conductive layer 230 changes in adjacent two frames.
That is to say, the voltage of the transparent conductive layer
230 has AC waveform.

[0080] Referring to FIG. 9D, FIG. 9D is a diagram illus-
trating waveforms of the voltages of the pixel electrode 272,
the common electrode 273 and the transparent conductive
layer 230 in different frames in accordance with another
embodiment. The voltage of the pixel electrode 272 has a
waveform 960, the voltage of the common electrode 273 has
a waveform 970, and the voltage of the transparent conduc-
tive layer 230 has a waveform 980. The difference between
FIGS. 9A-9C and FIG. 9D is that the voltage of the common
electrode is fixed in FIGS. 9A-9C (that is, the voltage of the
common electrode is DC); but in FIG. 9D, the voltage of the
common electrode changes along with time (that is, the
voltage of the common electrode has AC waveform) and it
is also referred to as VCOM modulation. The range of the
voltage of the pixel electrode 272 is narrowed by modulating
the voltage of the common electrode 273, and thus the cost
of a source driver is reduced. As shown in FIG. 9D, the
amplitude of the waveform 970 for the common electrode
273 is OV or 5V depending on which frame it is in, and the
waveform 960 for the pixel electrode 272 is in a range from
0V to 5V.

[0081] In the frames N, (N+2) and (N+4), the voltage of
the transparent conductive layer 230 (i.e. the waveform 980)
is greater than or equal to the voltage of the common
electrode 273 (i.e. the waveform 970); in the frames (N+1),
(N+3) and (N+5), the voltage of the transparent conductive
layer 230 (i.e. the waveform 980) is smaller than or equal to
the voltage of the common electrode 273 (i.e. the waveform
970). In other words, in the embodiment of FIG. 9D, the
voltage of the common electrode 273 and the voltage of the
transparent conductive layer 230 have AC waveforms. For
example, as discussed above, the absolute voltage difference
between the transparent conductive layer 230 and the com-
mon electrode 273 is preferably set as 1.7V if positive LC is
adopted; and the absolute voltage difference between the
transparent conductive layer 230 and the common electrode
273 is preferably set as 2V is negative LC is adopted.
Therefore, the amplitude of the waveform 980 may be set as
1.7V for the display panel with positive LC or 2V for the
display panel with negative LC in the frames N, (N+2) and
(N+4); the amplitude of the waveform 980 may be as 3.3V
for the display panel with positive LC or 3V for the display
panel with negative LC in the frames (N+1), (N+3) and
(N+5); and that is, X is equal to 1.7 or 2. Similarly, the
amplitude of the waveform 980 is not limited thereto. A
preferred absolute voltage difference between the transpar-
ent conductive layer 230 and the common electrode 273 can
be chosen according to the type of the liquid crystal (positive
or negative), the contrast ratio and the transmittance so as to
design the waveform 980.
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[0082] Note that in the embodiments of FIG. 9A-9C, the
voltage of the pixel electrode 272 is in a range from -5V to
5V, and the voltage of the common electrode 273 is fixed at
0V. However, the invention is not limited thereto. In other
embodiments, the voltage of the common electrode 273 may
be set as Y volts, in which Y is a real number not equal to
0. The voltage of the pixel electrode 272 is in a range from
(-5+Y) to (5+Y) volts; the voltage of the transparent con-
ductive layer 230 is fixed at Y volts (similar to the embodi-
ment of FIG. 9A), or the absolute voltage difference between
the transparent conductive layer 230 and the common elec-
trode 273 is fixed (similar to the embodiment of FIG. 9B and
FIG. 9C). In others words, in FIG. 9A-9C, if the waveform
920 for the voltage of the common electrode 273 is shifted
upward or downward by Y volts, the waveform 910 for the
voltage of the pixel electrode 272 is synchronously shifted
upward or downward by Y volts, and the waveform 930 or
940 for the voltage of the transparent conductive layer 230
is synchronously shifted upward or downward by Y volts.

[0083] Similarly, in the embodiment of FIG. 9D, if the
waveform 970 for the voltage of the common electrode 273
is shifted upward or downward by Y volts, the waveform
960 for the voltage of the pixel electrode 272 is synchro-
nously shifted upward or downward by Y volts, and the
waveform 980 for the voltage of the transparent conductive
layer 230 is synchronously shifted upward or downward by
Y volts. For example, assume the absolute voltage difference
between the transparent conductive layer 230 and the com-
mon electrode 273 is set as 1.7V, and the waveform 970 (i.e.
the voltage of the common electrode 273) is shifted upward
by 1V. In other words, it is assumed that the voltage of the
common electrode 273 is 1V in the frames N, (N+2) and
(N+4), and is 6V in the frames (N+1), (N+3) and (N+5).
Consequently, the waveform 960 (i.e. the voltage of the
pixel electrode 272) is synchronously shifted upward by 1V,
and the waveform 980 (i.e. the voltage of the transparent
conductive layer 230) is synchronously shifted upward by
1V. That is to say, the maximum voltage of the pixel
electrode 272 is 6V, and the voltage of the transparent
conductive layer 230 is 2.7V in the frames N, (N+2) and
(N+4); the minimum voltage of the pixel electrode 272 is 1V,
and the voltage of the transparent conductive layer 230 is
4.3V in the frames (N+1), (N+3) and (N+5).

[0084] In addition, in the embodiments of FIG. 9A, FIG.
9C and FIG. 9D, the voltage difference between the pixel
electrode 272 and the common electrode 273 is in a range
from -5V to 5V, but the invention is not limited thereto. In
other embodiments, the voltage difference between the pixel
electrode 272 and the common electrode 273 may be in a
range from =Z volts to Z volts, in which Z is a real number
not equal to 5.

[0085] Note that although the structure of FIG. 2C is
adopted in the embodiments of FIG. 7A to FIG. 8E, but the
invention is not limited thereto. The difference between FIG.
2B/FIG. 2D and FIG. 2C is a variance of the sequence of the
color filter layer 241/black matrix layer 242, the transparent
conductive layer 230 and the over-coating layer 250 stacked
on the second substrate 220. The voltage range for the
transparent conductive layer 230 and the common electrode
273 (so that a preferred contrast ratio and transmittance can
be obtained) described in the embodiments of FIG. 7A and
FIG. 8E may be applied to the structures of FIG. 2B and
FIG. 2D, and the detail will not be repeated.
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[0086] Moreover, the transverse-clectric-field type display
panel of FIG. 2C is adopted in the embodiments of FIG. 7A
to FIG. 8E, that is, the pixel electrode 272 is beneath the
common electrode 273, the pixel electrode 272 has a plate
structure, and the common electrode 273 has the slits 273s.
However, the preferred voltage ranges for the transparent
conductive layer 230 and the common electrode 273
described in the embodiments of FIG. 7A to FIG. 8E may be
applied to other transverse-electric-field type display panels.
For example, referring to FIG. 10A and FIG. 10B, FIG. 10A
is a diagram illustrating the top view of the display panel in
accordance with another embodiment, and FIG. 10B is a
diagram illustrating a cross-sectional view of the display
panel along a cut line II-1T" in FIG. 10A. Note that the second
substrate, the transparent conductive layer, the color filter
layer, the black matrix layer and the over-coating layer are
not shown in FIG. 10B. People in the art should be able to
apply the disposition of the second substrate, the transparent
conductive layer, the color filter layer, the black matrix layer
and the over-coating layer of FIG. 2B-2D to the cross-
sectional structure of FIG. 10B. The difference between FIG.
10A and FIG. 2A is that, in FIG. 10A, the pixel electrode 272
has multiple slits 2725 which are interlaced with the slits
273s of the common electrode 273. Referring to FI1G. 10C,
the difference between FIG. 10C and FIG. 2B is: in the
embodiment of FIG. 2B, the pixel electrode 272 is beneath
the common electrode 273, and the common electrode 273
has the slits 273s; in the embodiment of FIG. 10C, the pixel
electrode 272 is above the common electrode 273, the pixel
electrode 272 has the slits 272s, and the common electrode
273 has a plate structure. In the structure of FIG. 10C, the
common electrode 273 is formed on the insulation layer 291,
and an insulation layer 292 is formed between the common
electrode 273 and the pixel electrode 272. Referring to FIG.
10D, the difference between FIG. 10D and FIG. 10B is: in
the embodiment of FIG. 10B, the pixel electrode 272 is
beneath the common electrode 273, and the pixel electrode
272 and the common electrode 273 respectively have the
slits 272s and the slits 273s interlaced with each other; in the
embodiment of FIG. 10D, the pixel electrode 272 is above
the common electrode 273, and the pixel electrode 272 and
the common electrode 273 respectively have the slits 272s
and the slits 273s interlaced with each other. Referring to
FIG. 10E and FIG. 10F, FIG. 10E is a diagram illustrating
the top view of a pixel structure in an IPS display panel, and
FIG. 10F is a diagram illustrating a cross-sectional view of
the display along with a cut line III-III' in FIG. 10E. As
shown in FIG. 10E and FIG. 10F, the pixel electrode 372 and
the common electrode 373 are formed on the same surface
of the insulation layer 293. In other words, the pixel elec-
trode 372 and the common electrode 373 are disposed on the
insulation layer 293 coplanarly. The material of the pixel
electrode 372 and the common electrode 373 may include
transparent conductive material. The pixel electrode 372 and
the common electrode 373 respectively include multiple
finger-type electrodes, and the finger-type electrodes of the
pixel electrode 372 are interlaced with the finger-type elec-
trodes of the common electrode 373. Similarly, the second
substrate, the transparent conductive layer, the color filter
layer, the black matrix layer and the over-coating layer are
not shown in FIG. 10C, FIG. 10D and FIG. 10F. People in
the art should be able to apply the disposition of the second
substrate, the transparent conductive layer, the color filter
layer, the black matrix layer and the over-coating layer of
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FIG. 2B-2D to the cross-sectional structures of FIG. 10C,
FIG. 10D and FIG. 10F. The preferred voltage range for the
transparent conductive layer 230 and the common electrode
273 described in the embodiments of FIG. 7A to FIG. 8E
may be applied to the transverse-electric-field type display
panel shown in FIG. 10A to FIG. 10F.

[0087] In the display panel provided in the embodiments
of the invention, the transparent conductive layer is disposed
between the second substrate and the liquid crystal layer to
reduce the cost of the display panel and also to provide the
shielding function from interference of electromagnetic
wave and the accumulation of electrostatic charges. In
addition, the display panel has better contrast ratio and
transmittance by controlling the voltage of the transparent
conductive layer within in a particular range.

[0088] Although the present invention has been described
in considerable detail with reference to certain embodiments
thereof, other embodiments are possible. Therefore, the
spirit and scope of the appended claims should not be limited
to the description of the embodiments contained herein. It
will be apparent to those skilled in the art that various
modifications and variations can be made to the structure 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.

What is claimed is:

1. A display panel, comprising:

a first substrate;

a second substrate disposed opposite to the first substrate;

a plurality of first to M” gate lines disposed on the first
substrate, wherein a plurality of first to M” gate signals
are provided to the first to M” gate lines respectively,
an i gate signal is at a high level in a first time period
of a first frame and in a second time period of a second
frame next to the first frame, M is a positive integer
greater than or equal to 2, and i is a positive integer less
than or equal to the positive integer M;

a plurality of pixel structures disposed between the first
substrate and the second substrate, wherein each of the
pixel structures comprises a thin film transistor, a pixel
electrode and a common electrode;

a liquid crystal layer disposed between the pixel structures
and the second substrate; and

a transparent conductive layer disposed between the sec-
ond substrate and the liquid crystal layer,

wherein when a liquid crystal molecule of the liquid
crystal layer is a positive liquid crystal molecule, an
absolute voltage difference between the transparent
conductive layer and the common electrode is smaller
than or equal to 2.3 volts(V), a voltage of the trans-
parent conductive layer is greater than a voltage of the
common electrode in the first time period, the voltage
of the transparent conductive layer is less than the
voltage of the common electrode in the second time
period, and the voltage of the common electrode in the
first time period is the same as the voltage of the
common electrode in the second time period; or

when the liquid crystal molecule of the liquid crystal layer
is a negative liquid crystal molecule, the absolute
voltage difference between the transparent conductive
layer and the common electrode is smaller than or equal
to 5V, the voltage of the transparent conductive layer is
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greater than the voltage of the common electrode in the
first time period, the voltage of the transparent conduc-
tive layer is less than the voltage of the common
electrode in the second time period, and the voltage of
the common electrode in the first time period is the
same as the voltage of the common electrode in the
second time period.

2. The display panel of claim 1, wherein when the liquid
crystal molecule of the liquid crystal layer is the positive
liquid crystal molecule, the absolute voltage difference
between the transparent conductive layer and the common
electrode is smaller than or equal to 2.3V and is greater than
or equal to 1V.

3. The display panel of claim 2, wherein when the liquid
crystal molecule of the liquid crystal layer is the positive
liquid crystal molecule, the absolute voltage difference
between the transparent conductive layer and the common
electrode is smaller than or equal to 2V and is greater than
or equal to 1.4V.

4. The display panel of claim 3, wherein when the liquid
crystal molecule of the liquid crystal layer is the positive
liquid crystal molecule, the absolute voltage difference
between the transparent conductive layer and the common
electrode is equal to 1.7V.

5. The display panel of claim 1, wherein when the liquid
crystal molecule of the liquid crystal layer is the negative
liquid crystal molecule, the absolute voltage difference
between the transparent conductive layer and the common
electrode is smaller than or equal to 4V and is greater than
or equal to 1V.

6. The display panel of claim 5, wherein when the liquid
crystal molecule of the liquid crystal layer is the negative
liquid crystal molecule, the absolute voltage difference
between the transparent conductive layer and the common
electrode is smaller than or equal to 3V and is greater than
or equal to 2V.

7. The display panel of claim 6, wherein when the liquid
crystal molecule of the liquid crystal layer is the negative
liquid crystal molecule, the absolute voltage difference
between the transparent conductive layer and the common
electrode is equal to 2V.

8. The display panel of claim 1, further comprising:

an insulation layer disposed on the thin film transistor,
wherein the insulation layer is disposed on the pixel
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electrode, the common electrode is disposed on the
insulation layet, and the common electrode has a plu-
rality of slits.

9. The display panel of claim 1, further comprising:

an insulation layer disposed on the thin film transistor,
wherein the insulation layer is disposed on the common
electrode, the pixel electrode is disposed on the insu-
lation layer, and the pixel electrode has a plurality of
slits.

10. The display panel of claim 1, further comprising:

an insulation layer disposed on the thin film transistor,
wherein the pixel electrode and the common electrode
are disposed on the insulation layer coplanarly, each of
the common electrode and the pixel electrode respec-
tively comprises a plurality of finger-type electrodes,
and the finger-type electrodes of the common electrode
are interlaced with the finger-type electrodes of the
pixel electrode.

11. The display panel of claim 1, further comprising;

a black matrix layer disposed between the second sub-
strate and the liquid crystal layer, wherein the trans-
parent conductive layer is disposed between the second
substrate and the black matrix layer.

12. The display panel of claim 1, further comprising:

a black matrix layer disposed between the second sub-
strate and the liquid crystal layer; and

an over-coating layer disposed between the black matrix
layer and the liquid crystal layer, wherein the transpar-
ent conductive layer is disposed between the black
matrix layer and the over-coating layer.

13. The display panel of claim 1, further comprising:

a black matrix layer disposed between the second sub-
strate and the liquid crystal layer; and

an over-coating layer disposed between the black matrix
layer and the liquid crystal layer, wherein the transpar-
ent conductive layer is disposed between the over-
coating layer and the liquid crystal layer.

14. The display panel of claim 1, wherein the absolute
voltage difference between the transparent conductive layer
and the common electrode in the first time period is the same
as that in the second time period.

15. The display panel of claim 1, wherein the voltage of
the common electrode has a direct current (DC) waveform,
and the voltage of the transparent conductive layer has an
alternative current (AC) waveform.

* ok % % ¥



THMBW(EF)

[ i (S RIR) A ()

RE(EFR)AGE)

HERB(E R AGE)

FRI&R BB A

EHA

L 5E4X
S\EReERE

BEG®)

ERERSEE—ER , F-ER , BRENW , REENEASLE.
RBERREEGREVNE_ERE, ERSBRREES -ERHN
LRBEENRED FRERED T, ERSBENLH
BRZEANENBEEZPTRET23R (V). HRBFENRIZD A
ABRBD T ERSERESLHBRCANLENEEENTRET

REEZHE

5V0

SRR
US20200174330A1 K (2E)R
US16/779650 iR

EREFEMRBRERRELF
BFEREROBRLA

BMFEER (BR) BRATF
HFEERROBRLA

X X

BERE (ER) BRLF
BEREBRHERLR
HSU WEI CHIH

SU CHEN HAO
LIU YU CHEN

HSU, WEI-CHIH
SU, CHEN-HAO
LIU, YU-CHEN

GO02F1/1362 G02F1/1368 G02F1/1333 G02F1/1335

patsnap

2020-06-04

2020-02-02

GO02F1/133512 G02F1/136286 G02F2201/124 G02F2201/121 G02F1/1368 G02F1/133345 G02F2201

/123 GO2F1/1362 G02F2001/134372 G02F2001/136218

201610404033.1 2016-06-08 CN

Espacenet  USPTO



https://share-analytics.zhihuiya.com/view/9834f486-db04-4d81-9f11-48963eda2482
https://worldwide.espacenet.com/patent/search/family/070850215/publication/US2020174330A1?q=US2020174330A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220200174330%22.PGNR.&OS=DN/20200174330&RS=DN/20200174330

