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PIXEL STRUCTURE OF A TRANSFLECTIVE
LIQUID CRYSTAL PANEL HAVING A
SINGLE GAP

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a pixel structure of
a transflective liquid crystal panel, and more particularly, to
a pixel structure of a transflective liquid crystal panel having
a single cell gap.

[0003] 2. Description of the Prior Art

[0004] Most liquid crystal displays (LCDs) can be catego-
rized into the transmissive type, the reflective type, and the
transflective type. The transmissive liquid crystal display
uses backlight as a source for emitting light. The light
emitted by the backlight will pass through the liquid crystal
panel to let an observer see the image displayed on the liquid
crystal display panel. The reflective liquid crystal display
has a reflective electrode. When displaying the image, the
ambient light of the reflective liquid crystal display will
enter the liquid crystal display from the observer side of the
liquid crystal display and then be reflected by the reflective
electrode. The reflected light will pass through the liquid
crystal panel again, and finally the observer can see the
image displayed on the liquid crystal display. The transflec-
tive liquid crystal display has the liquid crystal display both
of transmissive type and reflective type. In other words, each
pixel region of the liquid crystal panel comprises a trans-
mission region and a reflection region, wherein the trans-
mission region uses a backlight, and the reflection region
uses an ambient light as a light source.

[0005] Referring to FIG. 1, which is a schematic diagram
of a traditional transflective liquid crystal panel. As shown
in FIG. 1, traditional transflective liquid crystal panel 10
comprises an array substrate 20, a color filter substrate 30,
and a liquid crystal layer 40 disposed between the array
substrate 20 and the color filter substrate 30. The array
substrate 20 comprises a plurality of pixel regions 22, and
each of the pixel regions 22 comprises a reflection region
221 and a transmission region 222. The array substrate 20
also comprises a plurality of thin-film transistors 23, each
thin-film transistor 23 disposed in each reflection region
221, a plurality of reflective electrodes 24 disposed on the
thin-film transistors 23, and a plurality of transmissive
electrodes 25 disposed in the transmission regions 222. Both
of each reflective electrode 24 and each transmissive elec-
trode 25 are electrically connected to each thin-film transis-
tor 23 and controllably driven by each thin-film transistor
23. In addition, there is also a dielectric layer 26 disposed
between the reflective electrode 24 and the thin-film tran-
sistor 23, and the dielectric layer 26 has a rough surface, so
that the reflective electrode 24 can have a rough surface for
scattering light beams.

[0006] The color filter substrate 30 comprises a plurality
of color filters 32 disposed corresponding to the pixel region
22 and a black matrix 34 disposed corresponding to the edge
of each pixel region 22.

[0007] Because the transmission region 222 of the trans-
flective liquid crystal panel 10 uses a backlight, the light will
pass through the liquid crystal layer 40 only once. The
reflection region 221 uses the ambient light as a light source,
so that the light will pass through the liquid crystal layer 40
twice. In such a case, because the phase difference in the
reflection region 221 is twice as big as that in the transmis-
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sion region 222, the relation of reflectance versus voltage
mismatches the relation of transmittance versus voltage
while driving the liquid crystal molecules. For this reason,
the traditional transflective liquid crystal panel 10 uses a
design of a double cell gap to solve the mismatching
problem. More specifically, in the traditional transflective
liquid crystal panel 10, a function of the dielectric layer 26
is disposed under the reflective electrode 24 so as to adjust
a cell gap of the liquid crystal layer 40. By disposing the
dielectric layer 26, the cell gap of the liquid crystal layer 40
in the reflection region 221 is smaller than the cell gap in the
transmission region 222, so that the phase difference of light
passing through the reflection region 221 is the same with
that of light passing through the transmission region 222.
Then, the mismatched problem of driving voltages in the
reflection region 221 and in the transmission region 222 is
improved. However, a step of fabricating the dielectric layer
26 in the reflection region 221 has to be increased in the
double cell gap design of the transflective liquid crystal
panel 1 0. Further, the increased step not only increases
process time and cost, but also affects product yield. Impor-
tantly, a gap of the border between the reflection region 221
and the transmission region 222 will make the liquid crystal
molecules difficult to align, thereby lowering the quality of
displayed images.

SUMMARY OF THE INVENTION

[0008] It is therefore an objective of the present invention
to provide a pixel structure of a transflective liquid crystal
panel having a single cell gap so as to increase the matching
level of transmittance versus voltage and the matching of
reflectance versus voltage.

[0009] According to an embodiment of the present inven-
tion, a pixel structure of a transflective liquid crystal panel
having a single cell gap is provided. The pixel structure of
a transflective liquid crystal panel comprises a first substrate
and a second substrate disposed opposite to the first sub-
strate, wherein the first substrate has a plurality of pixel
regions, each of the pixel regions comprises at least one
reflection region covered with a reflective electrode and at
least one transmission region; a liquid crystal layer disposed
between the first substrate and the second substrate; a first
quarter-wave plate disposed on a lower surface of the first
substrate; a first polarizer disposed under the first quarter-
wave plate, and the first polarizer having a first transmissive
axis; a second quarter-wave plate disposed on an upper
surface of the second substrate; and a second polarizer
disposed on the second quarter-wave plate, and the second
polarizer has a second transmissive axis, wherein the second
transmissive axis of second polarizer is substantially parallel
to the first transmissive axis of the first polarizer. As no
voltage is applied, the liquid crystal layer in the transmission
region and in the reflection region have a phase difference of
half wavelength, and as a voltage is applied, the liquid
crystal layer in the transmission region has no phase differ-
ence, and the liquid crystal layer in the reflection region has
a phase difference of quarter wavelength.

[0010] A detailed description is given in the following
embodiments with reference to the accompanying drawings.
[0011] The present invention will become more fully
understood from the detailed description given hereinbelow
and the accompanying drawings, given by way of illustra-
tion only and thus not intended to be limitative of the present
invention.
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[0012] FIG. 1 is a schematic diagram of a traditional
transflective liquid crystal panel.

[0013] FIG. 2 and FIG. 3 are schematic diagrams of pixel
structures of a transflective liquid crystal panel having a
single cell gap according to a first embodiment of the present
invention.

[0014] FIG. 4 and FIG. 5 are schematic diagrams of
voltage dividing structures of the normally black transflec-
tive liquid crystal panel of the present invention.

[0015] FIG. 6 is a schematic diagram of a voltage dividing
structure according to second embodiment of the present
invention.

[0016] FIG. 7 is a schematic circuit diagram of the voltage
dividing structure shown in FIG. 6.

[0017] FIG. 8 is a schematic diagram of the voltage
dividing structure according to third embodiment of the
present invention.

[0018] FIG. 9 is a schematic diagram of the voltage
dividing structure according to fourth embodiment of the
present invention.

[0019] FIG. 10 is a schematic diagram of the voltage
dividing structure according to fifth embodiment of the
present invention.

[0020] FIG. 11 is a schematic diagram of the voltage
dividing structure according to sixth embodiment of the
present invention.

[0021] FIG. 12 is a diagram illustrating a relation of the
transmittance versus the pixel voltage in the transmission
region of the transflective liquid crystal panel disposed a
voltage dividing structure.

[0022] FIG. 13 is a diagram illustrating a relation of the
reflectance versus pixel voltage in the reflection region of
the transflective liquid crystal panel disposed a voltage
dividing structure.

DETAILED DESCRIPTION

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

[0024] FIGS. 2 and 3 are schematic diagrams of pixel
structures of a transflective liquid crystal panel having a
single cell gap according to a first embodiment of the present
invention. FIG. 2 is a schematic diagram of the transflective
liquid crystal panel in the condition of not applying a
voltage, whereas FIG. 3 is a schematic diagram of the
transflective liquid crystal panel in the condition of applying
a voltage. As shown in FIG. 2 and FIG. 3, the transflective
liquid crystal panel 50 according to the embodiment of the
present invention comprises a first substrate (such as array
substrate) 60, a second substrate (such as color filter sub-
strate) 80 disposed on the first substrate 60 and substantially
corresponding to the first substrate 60, and a liquid crystal
layer 90 disposed between the first substrate 60 and the
second substrate 80. Because a liquid crystal panel of the
present invention is a transflective liquid crystal panel, its
pixel structure comprises at least two parts, such as the
reflection region and the transmission region. As shown in
FIG. 2 and FIG. 3, the first substrate 60 comprises a plurality
of pixel structures 62, and each of the pixel structures 62
comprises at least one reflection region 621 and at least one
transmission region 622. There is a reflective electrode 64
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disposed in the reflection region 621 that is used to drive
liquid crystal molecules in the reflection region 621 and
reflects ambient light. There is a transmissive electrode (not
shown in FIG. 2 and FIG. 3) disposed in the transmission
region 622 that is used to drive the liquid crystal molecules
in the transmission region 622 and allows the light emitted
from a backlight to pass therethrough.

[0025] The transflective liquid crystal panel 50 according
to the embodiment of the present invention also comprises
a first quarter-wave plate 68 disposed on a lower surface of
the first substrate 60, a first polarizer 70 disposed on the
other side of the first quarter-wave plate 68 opposite to the
lower surface of the first substrate 60, a second quarter-wave
plate 82 disposed on an upper surface of the second substrate
80, and a second polarizer 84 disposed on the other side of
the second quarter-wave plate 82 opposite to the upper
surface of the second substrate 80. The first polarizer 70 has
a first transmissive axis, and the second polarizer 84 has a
second transmissive axis. The first transmissive axis of the
first polarizer 70and the second transmissive axis of the
second polarizer 84are substantially parallel to each other. In
addition, in order to increase contrast and color, a first
half-wave plate 72 can be selectively disposed between the
first quarter-wave plate 68 and the first polarizer 70, and a
second half-wave plate 86 can be selectively disposed
between the second quarter-wave plate 82 and the second
polarizer 84.

[0026] Thereafter, for two conditions of displaying images
and not displaying images, the operational condition of the
pixel structure of the transflective liquid crystal panel 50 is
described respectively. It is essential to say that the embodi-
ment of the present invention uses a transflective liquid
crystal panel of normally black as an example. As shown in
FIG. 2, as no voltage is applied, the liquid crystal layer 90
has a phase difference of half wavelength. In the transmis-
sion region 622, the light (as indicated arrow in the trans-
mission region) emitted from the backlight will pass through
the first polarizer 70, the first half-wave plate 72, the first
quarter-wave plate 68, liquid crystal layer 90, the second
quarter-wave plate 82, the second half-wave plate 86, and
the second polarizer 84 in turn. The change of polarization
direction of the light emitted from the backlight passing
through the above-mentioned optical film is stated as fol-
lows. Refer to the sign mark near the transmission region
622 in FIG. 2. First, after the light is emitted into the first
polarizer 70, only a first linear polarized light, such as S
polarized light, being substantially parallel to the first trans-
missive axis of the first polarizer 70will pass through.
Because the first linear polarized light is a linear polarized
light, the polarization direction will not be changed after
passing through the first half-wave plate 72. Then, after
passing through the first quarter-wave plate 68, the first
linear polarized light will be transformed into a first rotatory
polarized light such as left rotatory polarized light. In the
condition of not applying the voltage, the liquid crystal layer
90 is substantially equal to a half-wave plate, so that the first
rotatory polarized light will be transformed into a second
rotatory polarized light, such as right rotatory polarized
light, after passing through the liquid crystal layer 90. The
second rotatory polarized light will be transformed into a
second linear polarized light, such as P polarized light, after
passing through the second quarter-wave plate 82. Similarly,
the second linear polarized light will not be changed while
passing through the second half-wave plate 86. Because the
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second transmissive axis of the second polarizer 84 is
substantially parallel to the first transmissive axis of the first
polarizer 70, the second linear polarized light cannot pass
through the second polarizer 84. Therefore, the transmission
region 622 shows a black state at this time.

[0027] On the other hand, in the reflection region 621, an
ambient light will pass through the second polarizer 84, the
second half-wave plate 86, the second quarter-wave plate
82, liquid crystal layer 90, and be reflected by the reflective
electrode 64 to pass through the second quarter-wave plate
82, the second half-wave plate 86, and the second polarizer
84 in turn. While passing through the above-mentioned
optical film, the change of polarization direction of the
ambient light is stated as follows. Refer to the sign mark near
the reflection region 621 in FIG. 2. First, after the ambient
light is emitted into the second polarizer 84, only a first
linear polarized light substantially parallel to the second
transmissive axis of the second polarizer 84 will pass
through. Because the first linear polarized light is a linear
polarized light, the polarization direction will not be
changed after passing through the second half-wave plate
86. Then, after passing through the second quarter-wave
plate 82, the first linear polarized light will be transformed
into a first rotatory polarized light. In the condition of not
applying the voltage, the liquid crystal layer 90 is substan-
tially equal to a half-wave plate, so that the first rotatory
polarized light will be transformed into a second rotatory
polarized light after passing through the liquid crystal layer
90. The second rotatory polarized light will be transformed
into the first rotatory polarized light after being reflected by
the reflective electrode 64. The first rotatory polarized light
will be transformed into the second rotatory polarized light
after passing through the liquid crystal layer 90 again. The
second rotatory polarized light will be transformed into a
second linear polarized light after passing through the sec-
ond quarter-wave plate 82. The second linear polarized light
will not be changed while passing through the second
half-wave plate 86. Because the second transmissive axis of
the second polarizer 84 is substantially parallel to the first
transmissive axis of the first polarizer 70, and the second
polarizer 84 only allows the first linear polarized light to
pass through, the second linear polarized light cannot pass
through the second polarizer 84. Therefore, the reflection
region 621 also shows a black state at the time.

[0028] As shown in FIG. 3, as a voltage is applied, the
liquid crystal layer 90 in the transmission region 622 will be
transformed into no phase difference, and the liquid crystal
layer 90 in the reflection region 621 will be transformed into
a phase difference of quarter wavelength. In the situation, in
the transmission region 622, the light emitted from the
backlight also will pass through the first polarizer 70, the
first half-wave plate 72, the first quarter-wave plate 68,
liquid crystal layer 90, the second quarter-wave plate 82, the
second half-wave plate 86, and the second polarizer 84 in
turn. It is essential to say that the liquid crystal layer 90 in
the transmission region 622 will be transformed into no
phase difference while applying a voltage. When the light
emitted from the backlight is passing through the above-
mentioned optical film, the statement of polarizing situation
happening is as follows. First, the light will enter the first
polarizer 70, and then, a first linear polarized light is
substantially parallel to the first transmissive axis will pass
through. The polarization direction of the first linear polar-
ized light will not be changed after passing through the first
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half-wave plate 72. Then, after passing through the first
quarter-wave plate 68, the first linear polarized light will be
transformed into a first rotatory polarized light. Differing
from the condition of not applying the voltage, the liquid
crystal layer 90 in the transmission region 622 has no phase
difference in the condition of applying the voltage. There-
fore, the first rotatory polarized light will not be affected and
still be the first rotatory polarized light after passing the
liquid crystal layer 90. The first rotatory polarized light will
be transformed into the first linear polarized light after
passing through the second quarter-wave plate 82. Similarly,
the first linear polarized light will not be affected while
passing through the second half-wave plate 86. Because the
second transmissive axis of the second polarizer 84 is
substantially parallel to the first transmissive axis of the first
polarizer 70 so as to the first linear polarized light can pass
through the second polarizer 84. Therefore, the transmission
region 622 shows a white state at the time.

[0029] On the other hand, in the reflection region 621, an
ambient light will pass through the second polarizer 84, the
second half-wave plate 86, the second quarter-wave plate
82, liquid crystal layer 90, and be reflected by the reflective
electrode 64 to pass through the second quarter-wave plate
82, the second half-wave plate 86, and the second polarizer
84 in turn. Because as a voltage is applied across the liquid
crystal layer 90 in the reflection region 621, a phase differ-
ence of the liquid crystal layer 90 will be transformed from
half wavelength to quarter wavelength. When the ambient
light is passing through the above-mentioned optical film,
the statement of polarizing situation is as follows. First, after
the ambient light is emitted into the second polarizer 84,
only a first linear polarized light is substantially parallel to
the second transmissive axis will pass through. After the first
linear polarized light passes through the second half-wave
plate 86, the polarization direction will not be changed.
Then, after passing through the second quarter-wave plate
82, the first linear polarized light will be transformed into a
first rotatory polarized light. In the condition of applying a
voltage, the liquid crystal layer 90 is substantially equal to
a quarter-wave plate, so that the first rotatory polarized light
will be transformed into a second linear polarized light after
passing through the liquid crystal layer 90. The second linear
polarized light will still be the second linear polarized light
after being reflected by the reflective electrode 64, and the
second linear polarized light will pass through the liquid
crystal layer 90 again and be transformed into a first rotatory
polarized light. The first rotatory polarized light will be
transformed into a first linear polarized light after passing
through the second quarter-wave plate 82. Then, the first
linear polarized light will not be affected while passing
through the second half-wave plate 86. Because the second
transmissive axis of the second polarizer 84 is substantially
parallel to the first transmissive axis of the first polarizer 70,
and the second polarizer 84 allows the first linear polarized
light to pass through, the first linear polarized light can pass
through the second polarizer 84. Therefore, the reflection
region 621 also shows a white state at the time.

[0030] According to the above-mentioned embodiment,
the present invention having a pixel structure of a transflec-
tive liquid crystal panel of a single cell gap can transform the
phase difference of the liquid crystal layer in the transmis-
sion region from half wavelength to about zero and trans-
form the phase difference of the liquid crystal layer in the
reflection region from half wavelength to quarter wave-
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length. Therefore, a transmittance of the liquid crystal layer
in the transmission region and a reflectance of the liquid
crystal layer in the reflection region can be respectively
controlled so as to have good matches of transmittance
versus voltage and reflectance versus voltage.

[0031] A normally black transflective liquid crystal panel
according to the above-mentioned embodiment of the
present invention can achieve the effect of respectively
controlling the transmission region and the reflection region
by the way of voltage dividing. Refer to FIG. 4 and FIG. 5,
which are schematic diagrams of voltage dividing structures
of the normally black transflective liquid crystal panel of the
present invention. In order to clearly understand a charac-
teristic of the present invention, refer to FIG. 2 and FIG. 3
together, and the devices in FIG. 2 to FIG. § will use the
same reference characters. As shown in FIG. 4, a first
substrate 60 of a transflective liquid crystal panel 50 com-
prises a plurality of thin-film transistors 63, each thin-film
transistor 63 disposed below each reflection regions 621, a
plurality of reflective electrodes 64, such as aluminum
electrode, disposed on the thin-film transistors 63 and a
plurality of transmissive electrodes 65, such as indium tin
oxide (ITO) electrode, disposed in the transmission regions
622. The reflective electrode 64 and the transmissive elec-
trode 65 are connected to each other and are electrically
connected to the drain of the thin-film transistor 63 is
adapted to receive a voltage from the thin-film transistor 63
to drive the liquid crystal molecules of the liquid crystal
layer 90. Wherein the structure of the thin-film transistor 63
comprises a gate (not mark), a gate insulating layer (not
mark) disposed on the gate, an active layer disposed on a
part of the gate insulating layer, and the active layer com-
prises at least one channel layer and at least one doped
silicon layer disposed on the channel layer, a source/drain
disposed on a part of the active layer (not mark) and distant
from each other with a gap, a passivation layer (not mark)
covering the source/drain and a part of the upper surface of
the first substrate 60, and a pixel electrically connected to
one of the source/drain via a hole of passivation layer. In
additional, the pixel electrode comprises at least one reflec-
tive electrode 64 and at least one transmissive electrode 65
being the different portion 621, 622. The transflective liquid
crystal panel 50 also comprises a dielectric layer 66 disposed
under the reflective electrode 64 and the transmission elec-
trode 65. Moreover, the dielectric layer 66 under the reflec-
tive electrode 64 can have a rough surface to increase
scattering effect of the reflective electrode 64. In addition, a
surface of a second substrate 80 facing the first substrate 60
is disposed a common electrode layer 81, and the surface of
the reflective electrode 64 is further covered with a voltage
dividing insulating layer 61 so as to adjust the voltage of the
reflection region 621.

[0032] FIG. 5 is a schematic diagram of a voltage dividing
structure of normally black transflective liquid crystal panel
of the present invention. The difference with the shown in
FIG. 4 is that the voltage dividing insulating layer 61 is
disposed on the lower surface of the second substrate 80 in
the reflection region 621, not in the first substrate 60.

[0033] It is essential to say that the transflective liquid
crystal panel of the present invention also can normally be
a white transflective liquid crystal panel. In the situation, the
first transmissive axis of the first polarizer 70 and the second
transmissive axis of the second polarizer 84 can be disposed
substantially intersecting with each other such as substan-
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tially perpendicular, or disposed to be not parallel with each
other, and cooperate with a compensated film to correct the
polarized angle of the light. Besides, refer to the following
embodiment about a voltage dividing structure of the nor-
mally white transflective liquid crystal panel.

[0034] FIG. 6 is a schematic diagram of a voltage dividing
structure according to a second embodiment of the present
invention. As shown in FIG. 6, the first substrate 60 of the
transflective liquid crystal panel 50 comprises a plurality of
thin-film transistors 63, each thin-film transistor 63 disposed
below each reflection regions 621, a plurality of the reflec-
tive electrodes 64, such as aluminum electrode, disposed on
the thin-film transistors, a plurality of transmissive elec-
trodes 65, such as indium tin oxide (ITO) electrode, disposed
in the transmission regions 622, and a plurality of voltage
dividing structures 92 disposed in each of the pixel regions
62 of the first substrate 60, respectively. The reflective
electrode 64 and the transmissive electrode 65 are connected
to each other and are electrically connected to the drain of
the thin-film transistor 63 is adapted to receive a voltage of
the thin-film transistor 63 to drive liquid crystal molecules.
The voltage dividing structure 92 comprises at least one
capacitor having a first electrode (the first electrode also as
the transmissive electrode 65 of the transflective liquid
crystal panel) and at least one dielectric layer 66 disposed
between the first electrode and the liquid crystal layer 90,
and the dielectric layer 66 has a first thickness.

[0035] FIG. 7 is a schematic circuit diagram of the voltage
dividing structure shown in FIG. 6. As shown in FIG. 6 and
FIG. 7, the drain of the thin-film transistor 63 of the first
substrate 60 provides a pixel voltage (V) to the reflec-
tive electrode 64 and the transmissive electrode 65. In
addition, in the condition of the common electrode (not
shown in FIG. 4) of the second substrate 80 having a
common voltage (V. ), the liquid crystal layer 90 can be
regarded as a dielectric layer, so that there exists a liquid
crystal capacitor (C, ) between the reflective electrode 64 of
the reflection region 621 and the common electrode. Fur-
thermore, because the liquid crystal layer 90 and the dielec-
tric layer 66 exist simultaneously between the transmissive
electrode 65 and the common electrode in the transmission
region 622, the structure can be regarded as having a liquid
crystal capacitor and a first capacitor C, connected to each
other in the transmission region 622.

[0036] According to the voltage dividing structure shown
in FIG. 6, the first capacitor C, and the liquid crystal
capacitor in the transmission region 622 are connected in
series, not in the reflection region 621, so that a voltage
(Vo) in the transmission region 622 and a voltage
(Vicw) in the reflection region 621 of the liquid crystal
molecules can be derived as follows:

Qrorar [(CL¥CLdINNCHCLADT*V ity Veom)

Ve D710t CLd D CL* WV Ve o C 1+ Crc
D)

oM. )

Vic®=V ppi V.

[0037] wherein Q,,,,, represents the total electric charge of
the transmission region.

[0038] As mentioned above, the voltage dividing structure
design can make the liquid crystal voltage of the reflection
region 621 is substantially equal to the pixel voltage. Adjust-
ing the first capacitor C,, such as adjusting thickness and
square measure of the dielectric layer 66, or choosing the
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dielectric materials has the different dielectric constant, can
make the liquid crystal voltage of the transmission region
622 be adjusted to a suitable number so as to let the driving
voltage in the transmission region 622 and in the reflection
region 621 match mutually. The dielectric layer 66 is not
limited to be a single layer structure but can be a multilayer
structure. Its material can depend on requirements of the
capacitor value to choose organic materials, inorganic mate-
rials, or combinations thereof. The organic materials com-
prise organic silicon compounds, photoresist, polyethyl-
eneoxide, polyethylene terephthalate (PET), polyethylene,
or likes. The inorganic materials comprise silicon oxide,
silicon nitride, silicon oxy-nitride, silicon carbon, or likes.

[0039] FIG. 8 is a schematic diagram of the voltage
dividing structure according to a third embodiment of the
present invention. The difference with the shown in FIG. 6
is that voltage dividing structure of the present embodiment
has two capacitors. As shown in FIG. 8, the capacitor of the
voltage dividing structure 92 comprises not only a first
capacitor C; but also a second capacitor C,. The first
capacitor C, and second capacitor C, are formed by different
thicknesses of the dielectric layer 66. A method of the
embodiment of the present invention uses a stepped struc-
ture between a gate insulating layer of the thin-film transis-
tor 63 and the dielectric layer 66 in the transmission region
622 to make a thickness variation of the dielectric layer 66.
In other words, the dielectric layer 66 has a step structure,
and the dielectric layer 66 in the transmission region 622 has
a first thickness and a second thickness so as to form the first
capacitor C, and the second capacitor C,. In other words, the
passivation layer exposed the partly of the gate insulating
layer covers the first substrate 60 to formed the step struc-
ture. For an electrically connected method, the first capacitor
C, and the second capacitor C, are connected in parallel and
then connected to the liquid crystal capacitor in series. The
first capacitor C, in the embodiment of the present invention
is located in the transmission region 622 and adjacent to a
position of the reflective electrode 64. In addition, it is
essential to say that the relation between the capacitance
value and the thickness of the dielectric layer 66 is an
inverse ratio. Therefore, the first thickness is substantially
smaller than the second thickness, so that the first capacitor
C, is substantially larger than the second capacitor C,.

[0040] FIG. 9 is a schematic diagram of the voltage
dividing structure according to a fourth embodiment of the
present invention. The voltage dividing structure of the
embodiment is similar to a previous embodiment. The
difference therebetween is that the embodiment uses a
stepped structure between the gate insulating layer of the
thin-film transistor 63 and the dielectric layer 66 in the
transmission region 622 to make the dielectric layer 66 in a
different position of the transmission region 622 have a first
thickness and a second thickness so as to form the first
capacitor and the second capacitor. In other words, both the
gate insulating layer and the passivation layer are exposed
the part of the first substrate 60 to form the stepped structure
of the dielectric layer 66.

[0041] FIG. 10 is a schematic diagram of the voltage
dividing structure according to fifth embodiment of the
present invention. The voltage dividing structure of the
embodiment has three capacitors. As shown in FIG. 10, the
capacitor of the voltage dividing structure 92 comprises not
only a first capacitor C, and a second capacitor C, but also
a third capacitor C; between the first capacitor C, and the
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second capacitor C,. The first capacitor C,, the second
capacitor C, and the third capacitor C; are formed by
different thicknesses of the dielectric layer 66. In other
words, the gate insulating layer has the stepped structure so
as to expose the partly of the first substrate 60 and the
passivation layer has the stepped structure so as to both
expose the part of the gate insulating layer and the part of the
first substrate 60 to formed the stepped structure of the
dielectric layer 66. A method of the embodiment uses gaps
of three layers between the gate insulating layer of the
thin-film transistor 63, the dielectric layer 66 and the first
substrate 60 to make the dielectric layer 66 in the transmis-
sion region 622 have a first thickness, a second thickness,
and a third thickness so as to form the first capacitor C,, the
second capacitor C, and the third capacitor C,. Because the
first thickness is substantially smaller than the third thick-
ness, and the third thickness is substantially smaller than the
second thickness, the first capacitor C, is substantially larger
than the third capacitor C,, and the third capacitor C; is
substantially larger than the second capacitor C,. For an
electrically connected method, the first capacitor C,, the
second capacitor C, and the third capacitor C; are connected
to each other in parallel and then connected to the liquid
crystal capacitor in series.

[0042] FIG. 11 is a schematic diagram of the voltage
dividing structure according to sixth embodiment of the
present invention. The difference between the voltage divid-
ing structure 92 of the embodiment and of the above-
mentioned embodiment is that the capacitor of the voltage
dividing structure 92 not only comprises a first electrode and
the dielectric layer 66 but also comprises a second electrode
67 disposed between the liquid crystal layer 90 and the
dielectric layer 66, and a surface of the second electrode 67
is substantially in the same level with a surface of the
dielectric layer 66. In other words, the second electrode 67
is embed into the partly of the dielectric layer 66 and is
electrically connected to the transmissive electrode via a
hole.

[0043] FIG. 12 is a diagram illustrating a relation of the
transmittance versus the pixel voltage in the transmission
region of the transflective liquid crystal panel disposed a
voltage dividing structure. FIG. 13 is a diagram illustrating
a relation of the reflectance versus pixel voltage in the
reflection region. As shown in FIG. 12 and FIG. 13, in a
normal voltage range, such as about 2V to about 2.5V, a
curve of the transmittance and the pixel voltage and a curve
of the reflectance and the pixel voltage can match each other.
[0044] In summary, the pixel structure design of the trans-
flective liquid crystal panel having a single cell gap of the
present invention is to make the reflection region and the
transmission region have different driving voltages respec-
tively by using a voltage dividing method in the condition of
providing the same pixel voltage. Therefore, the liquid
crystal molecules in the reflection region and in the trans-
mission region can respectively have different phase differ-
ences while being driven, so that a mismatching problem of
the driving voltage in the reflection region and in the
transmission region is solved effectively.

[0045] While the present invention has been described by
way of example and in terms of the preferred embodiments,
it is to be understood that the present invention is not limited
to the disclosed embodiments. To the contrary, it is intended
to cover various modifications and similar arrangements (as
would be apparent to those skilled in the art). Therefore, the
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scope of the appended claims should be accorded the
broadest interpretation so as to encompass all such modifi-
cations and similar arrangements.

What is claimed is:

1. A pixel structure of a transflective liquid crystal panel
having a single gap, comprising:

a first substrate and a second substrate substantially
corresponding to the first substrate, wherein the first
substrate comprises a plurality of pixel regions, each
pixel region comprising at least one reflection region
covered with a reflective electrode and at least one
transmission region;

a liquid crystal layer disposed between the first substrate
and the second substrate;

a first quarter-wave plate disposed on a lower surface of
the first substrate;

a first polarizer, disposed under the first quarter-wave
plate, having a first transmissive axis;

a second quarter-wave plate disposed on an upper surface
of the second substrate; and

a second polarizer, disposed on the second quarter-wave
plate, having a second transmissive axis, wherein the
first transmissive axis of the first polarizer and the
second transmissive axis of the second polarizer are
substantially parallel to each other;

wherein as no voltage is applied, the liquid crystal layer
in the transmission region and in the reflection region
has a phase difference of half wavelength, and wherein
as a voltage is applied, the liquid crystal layer in the
transmission region has no phase difference, and the
liquid crystal layer in the reflection region has a phase
difference of quarter wavelength.

2. The pixel structure of claim 1, further comprising a first
half-wave plate disposed between the first polarizer and the
first quarter-wave plate, and a second half-wave plate dis-
posed between the second polarizer and the second quarter-
wave plate.

3. The pixel structure of claim 1, wherein the liquid
crystal layer in the transmission region has no phase differ-
ence, and the liquid crystal layer in the reflection region has
the phase difference of quarter wavelength when a voltage is
applied by a voltage dividing.

4. The pixel structure of claim 3, further comprising a
plurality of capacitors in series, wherein the voltage dividing
is achieved by connecting to the plurality of capacitors.

5. The pixel structure of claim 1, further comprising at
least one voltage dividing structure, disposed in the trans-
mission region, comprising at least one capacitor, wherein
the at least one capacitor has a first electrode and a dielectric
layer disposed between the first electrode and the liquid
crystal layer.

6. The pixel structure of claim 5, further comprising a
transmissive electrode disposed in the reflection region and
in the transmission region, wherein the first electrode of the
capacitor is the transmissive electrode of the pixel structure,
and the transmissive electrode is electrically connected to
the reflective electrode.

7. The pixel structure of claim 6, further comprising a first
capacitor formed between the first electrode and the liquid
crystal layer in the transmission region, wherein the dielec-
tric layer of the first capacitor in the transmission region has
a first thickness.

8. The pixel structure of claim 7, further comprising a
second capacitor formed between the transmissive electrode
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and the liquid crystal layer in the transmission region,
wherein the first capacitor is located in the transmission
region and adjacent to the reflective electrode, and the
dielectric layer of the second capacitor has a second thick-
ness.

9. The pixel structure of claim 8, further comprising a
third capacitor positioned between the first capacitor and the
second capacitor, wherein the dielectric layer of the third
capacitor has a third thickness.

10. The pixel structure of claim 6, wherein the at least one
capacitor comprises a second electrode covering a part of the
dielectric layer in the transmission region and being elec-
trically connected to the transmissive electrode.

11. The pixel structure of claim 1, further comprising at
least one voltage dividing insulating layer disposed on the
reflective electrode in the reflection region.

12. The pixel structure of claim 1, further comprising a
common electrode layer disposed on a lower surface of the
second substrate, and at least one voltage dividing insulating
layer disposed between the common electrode layer and the
liquid crystal layer in the reflection region.

13. A pixel structure of a transflective liquid crystal panel
having a single cell gap, comprising:

a first substrate and a second substrate substantially
corresponding to the first substrate, the first substrate
comprising a plurality of pixel regions, each pixel
region comprising at least one reflection region covered
with a reflective electrode and at least one transmission
region; and

a liquid crystal layer disposed between the first substrate
and the second substrate; wherein as no voltage is
applied, the liquid crystal layer disposed in the trans-
mission region and in the reflection region has a phase
difference of half wavelength, and wherein as a voltage
is applied, the liquid crystal layer disposed in the
transmission region has no phase difference, and the
liquid crystal layer in the reflection region has a phase
difference of quarter wavelength.

14. The pixel structure of claim 13 further comprising:

a first quarter-wave plate disposed on a lower surface of
the first substrate;

a first polarizer, disposed under the first quarter-wave
plate, having a first transmissive axis;

a second quarter-wave plate disposed on an upper surface
of the second substrate; and

a second polarizer, disposed on the second quarter-wave
plate, having a second transmissive axis.

15. A normally black transflective liquid crystal display

incorporating the pixel structure of claim 14.

16. The pixel structure of claim 15, wherein the first
transmissive axis of the first polarizer is substantially par-
allel to the second transmissive axis of the second polarizer.

17. A normally white transflective liquid crystal display
incorporating the pixel structure of claim 14.

18. The pixel structure of claim 17, wherein the first
transmissive axis of the first polarizer and the second
transmissive axis of the second polarizer are non-parallel.

19. The pixel structure of claim 13, further comprising at
least one voltage dividing structure, disposed in the trans-
mission region, comprising at least one capacitor, wherein
the at least one capacitor having a first electrode and a
dielectric layer disposed between the first electrode and the
liquid crystal layer.
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20. The pixel structure of claim 19, further comprising a
transmissive electrode disposed in the reflection region and
in the transmission region, wherein the transmissive elec-
trode of the pixel structure acts as the first electrode of the
at least one capacitor, and the transmissive electrode and the
reflective electrode are electrically connected.

21. The pixel structure of claim 20, further comprising a
first capacitor formed between the first electrode and the
liquid crystal layer in the transmission region, wherein the
dielectric layer of the first capacitor has a first thickness in
the transmission region.

22. The pixel structure of claim 21, further comprising a
second capacitor formed between the transmissive electrode
and the liquid crystal layer in the transmission region,
wherein the first capacitor is located in the transmission
region and adjacent to the reflective electrode, and the
dielectric layer of the second capacitor has a second thick-
ness.
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23. The pixel structure of claim 22, further comprising a
third capacitor positioned between the first capacitor and the
second capacitor, wherein the dielectric layer of the third
capacitor has a third thickness.

24. The pixel structure of claim 20, wherein the at least
one capacitor comprises a second electrode covering a part
of the dielectric layer in the transmission region and being
electrically connected to the transmissive electrode.

25. The pixel structure of claim 13, further comprising at
least one voltage dividing insulating layer disposed on the
reflective electrode in the reflection region.

26. The pixel structure of claim 13, further comprising a
common electrode layer disposed on a lower surface of the
second substrate, and at least one voltage dividing insulating
layer disposed between the common electrode layer and the
liquid crystal layer in the reflection region.
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