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(57) ABSTRACT

A transflective liquid crystal display having a plurality of
pixels, each pixel having a plurality of color sub-pixels, each
sub-pixel having a transmission area associated with a first
charge storage capacitance and a reflection area associated
with a second storage capacitance. In the sub-pixel, a data
line, a first gate line, a second gate line and a common line
are used to control the operational voltage on the liquid
crystal layer associated with the sub-pixel. The first and
second gate lines are separately set at a first state and a

(21) Appl. No.: 11/146,568
second state. The ratio of the first charge storage capacitance
(22) Filed: Jun. 7, 2005 to the second charge storage capacitance can be controlled
Publication Classification according to t.he stat.es of the gate lines. The. second charge
storage capacitance is provided by two capacitors connected
(51) Int. CL in parallel through a switching element which can be open
G0IG 3736 (2006.01) or closed according to the states of the gate lines.
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TRANSFLECTIVE LIQUID CRYSTAL DISPLAY

FIELD OF THE INVENTION

[0001] The present invention relates generally to a liquid
crystal display panel and, more particularly, to a transflec-
tive-type liquid crystal display panel.

BACKGROUND OF THE INVENTION

[0002] Due to the characteristics of thin profile and low
power consumption, liquid crystal displays (LCDs) are
widely used in electronic products, such as portable personal
computers, digital cameras, projectors, and the like. Gener-
ally, LCD panels are classified into transmissive, reflective,
and transflective types. A transmissive LCD panel uses a
back-light module as its light source. A reflective LCD panel
uses ambient light as its light source. A transflective LCD
panel makes use of both the back-light source and ambient
light.

[0003] As known in the art, a color LCD panel 1 has a
two-dimensional array of pixels 10, as shown in FIG. 1.
FEach of the pixels comprises a plurality of sub-pixels,
usually in three primary colors of red (R), green (G) and blue
(B). These RGB color components can be achieved by using
respective color filters. FIG. 2 illustrates a plan view of the
pixel structure in a conventional transflective liquid crystal
panel, and FIGS. 3a and 35 are cross sectional views of the
pixel structure. As shown in FIG. 2, a pixel can be divided
into three sub-pixels 12R, 12G and 12B and each sub-pixel
can be divided into a transmission area (TA) and a reflection
area (RA). In the transmission area as shown in FIG. 3q,
light from a back-light source enters the pixel area through
a lower substrate 30, and goes through a liquid crystal layer,
a color filter R and the upper substrate 20. In the reflection
area, light encountering the reflection area goes through an
upper substrate 20, the color filter R and the liquid crystal
layer before it is reflected by a reflective layer 52. Alterna-
tively, part of the reflection area is covered by a non-color
filter (NCF), as shown in FIG. 3b.

[0004] As known in the art, there are many more layers in
each pixel for controlling the optical behavior of the liquid
crystal layer. These layers may include a device layer 50 and
one or two electrode layers. The device layer is typically
disposed on the lower substrate and comprises gate lines 31,
32, data lines 21-24 (FIG. 2), transistors, and passivation
layers (not shown). 1

[0005] Due to the simplicity in the pixel structure of the
conventional transflective LCD panel, high chromaticity is
difficult to achieve.

SUMMARY OF THE INVENTION

[0006] The present invention provides a method and a
pixel structure to improve the viewing quality of a trans-
flective-type liquid crystal display. The pixel structure of a
pixel in the liquid crystal display comprises a plurality of
sub-pixel segments. Each of the sub-pixel segments com-
prises a transmission area and a reflection area. In the
sub-pixel segment, a data line, a first gate line, a second gate
line and a common line are used to control the operational
voltage on the liquid crystal layer areas associated with the
sub-segments. In particular, the transmission area is associ-
ated with a first charge storage capacity and the reflection
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area is associated with a second storage capacity. The first
and second gate lines can be separately set at a first control
state and a second control state. The ratio of the first charge
storage capacity to the second charge storage capacity can be
controlled according to the states of the gate lines.

[0007] In the present invention, the transmissive electrode
in the transmission area is connected to a first charge
capacitor, which is further connected to the data line via a
first TFT. The reflective electrode in the reflection area is
connected to a second charge capacitor, which is further
connected to the data line via a second TFT. Both the gate
of the first TFT and the gate of the second TFT are connected
to the first gate line.

[0008] In the first embodiment of the present invention,
the second charge capacitor is connected in parallel to a
refresh capacitor via a third TFT and further connected to the
common line via a fourth TFT. The gate of the third TFT is
connected to the second gate line. The gate of the fourth TFT
is connected to the first gate line.

[0009] Inthe second embodiment of the present invention,
the first charge capacitor is connected in parallel to a refresh
capacitor via a third TFT and further connected to the
common line via a fourth TFT. The gate of the third TFT is
connected to the second gate line. The gate of the fourth TET
is connected to the first gate line.

[0010] In the third embodiment of the present invention,
the transmissive electrode is connected to the first capacitor
via the first TFT. The transmissive electrode is further
connected in parallel to a refresh capacitor and further
connected to the common line via the fourth TFT. The gate
of the third TFT is connected to the second gate line. The
gate of the fourth TFT is connected to the first gate line.

[0011] The present invention will become apparent upon
reading the description taken in conjunction with FIGS.
4-15b.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a schematic representation showing a
typical LCD display.

[0013] FIG. 2 is a plan view showing the pixel structure
of a conventional transflective color LCD display.

[0014] FIG. 3a is a cross sectional view showing the
reflection and transmission of light beams in the pixel as
shown in FIG. 2.

[0015] FIG. 35 is a cross sectional view showing the
reflection and transmission of light beams in another prior
art transflective display.

[0016] FIG. 4 is a cross sectional view showing a sub-
pixel segment in an LCD display, according to the present
invention.

[0017] FIG. 5a is a plan view showing a sub-pixel seg-
ment, according to one embodiment of the present invention.

[0018] FIG. 55 is a circuit diagram showing an equivalent
circuit of the sub-pixel segment of FIG. 5a.

[0019] FIG. 6a is the equivalent circuit of the transmis-
sion area in the sub-pixel segment of FIG. 5a
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[0020] FIG. 65 is the equivalent circuit of the reflection
area in the sub-pixel segment of FIG. 5a

[0021] FIG. 7a is the equivalent circuit of the transmis-
sion area in the sub-pixel segment when the gate lines are set
at a first control state.

[0022] FIG. 75 is the equivalent circuit of the reflection
area in the sub-pixel segment when the gate lines are set at
the first control state

[0023] FIG. 7c¢ is the equivalent circuit of the control
capacitor, when the gate lines are set at the first control state.

[0024] FIG. 8a is the equivalent circuit of the transmis-
sion area in the sub-pixel segment when the gate lines are set
at a second control state.

[0025] FIG. 85 is the equivalent circuit of the reflection
area in the sub-pixel segment when the gate lines are set at
the second control state.

[0026] FIG. 9 is a schematic representation showing a
sub-pixel segment wherein the liquid crystal molecules are
aligned at a first orientation when the liquid crystal layer is
subject to an electric field.

[0027] FIG. 10 is a plot showing the response in trans-
missivity and reflectivity as a function of operational volt-
age.

[0028] FIG. 1la is a plan view showing a sub-pixel
segment, according to another embodiment of the present
invention.

[0029] FIG. 115 is a circuit diagram showing an equiva-
lent circuit of the sub-pixel segment of FIG. 11a.

[0030] FIG. 12 is a schematic representation showing a
sub-pixel segment wherein the liquid crystal molecules are
aligned at a second orientation when the liquid crystal layer
is subject to an electric field.

[0031] FIG. 13 is a plot showing the response in trans-
missivity and reflectivity as a function of operational volt-
age.

[0032] FIG. 14a is a plan view showing a sub-pixel
segment, according to another embodiment of the present
invention.

[0033] FIG. 144 is a circuit diagram showing an equiva-
lent circuit of the sub-pixel segment of FIG. 14a.

[0034] FIG. 15a is a plan view showing a sub-pixel
segment, according to another embodiment of the present
invention.

[0035] FIG. 154 is a circuit diagram showing an equiva-
lent circuit of the sub-pixel segment of FIG. 15a.

DETAILED DESCRIPTION OF THE
INVENTION

[0036] A sub-pixel segment, according to the present
invention, is shown in FIG. 4. As shown, the sub-pixel
segment 100 has an upper layer structure, a lower layer
structure and a liquid crystal layer 190 disposed between the
upper layer structure and the lower layer structure. The
upper layer comprises a polarizer 120, a haft-wave plate
130, a quarter-wave plate 140 and an upper electrode 150.
The upper electrode 150 is made from a substantially
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transparent material such as ITO (Indium-tin oxide). The
lower layer structure comprises an electrode layer having a
transmission electrode 160 and a reflection electrode 170.
The transmission electrode 160 is made from a transparent
material such as ITO. The reflection electrode 170 also
serves as a reflector and is made from one or more highly
reflective metals such as Al, Ag, Cr, Mo, Ti, and AINd. The
lower layer structure further comprises a passivation layer
(PL) 180, a device layer 200, a quarter-wave plate 142, a
half-wave plate. 132 and a polarizer 122. In addition, the
transmission electrode 160 is electrically connected to the
device layer 180 via a connector 182, and the reflection
electrode 170 is electrically connected to the device layer
180 via a connector 184.

[0037] The plan view of the sub-pixel segment 100 is
shown in FIG. 5a. As shown, the transmission electrode 160
is operatively connected to a first storage capacitor 232 (C1)
via connectors 182 and 282. The reflection electrode 170 is
operatively connected to a second storage capacitor 234
(C2) via the connector 184. The sub-pixel segment 100 also
has a refresh capacitor 236 (C3) and four switching elements
240 (TFT-1), 245 (TFT-2), 250 (TFT-3) and 260 (TFT-4) for
controlling the charging and discharging of the storage
capacitors through the common line 210. The first switching
element 240 has two switch ends 241, 243 and a control end
242. The switch end 241 is connected to a data line 202; the
switch end 243 is connected to the first storage capacitor 232
and the control end 242 is connected to a first gate line 212
(gate-line 1). The second switching element 245 has two
switch ends 246, 248 and a control end 247. The switch end
246 1s connected to the data line 202; the switch end 248 is
connected to the second storage capacitor 234; and the
control end 247 is connected to the first gate-line 212
(gate-line 1). The third switching element 250 has two
switch ends 251, 253 and a control end 252. The switch end
253 is connected to the second storage capacitor 234; the
switch end 251 is connected to the refresh capacitor 236; and
the control end 252 is connected to a second gate-line 214
(gate-line 2). The fourth switching element 260 has two
switch ends 261, 263 and a control end 262. The first switch
end 261 is connected to the refresh capacitor 236, and the
second switch end 263 is connected to the common line 210
via a connector 284. The control end 262 is also connected
to the first gate line 212.

[0038] The equivalent circuit for the electronic compo-
nents in the sub-pixel segment 100 is shown in FIG. 556. As
shown, the transmission electrode 160 has a capacitance CT
connected to the first storage capacitor 232 in parallel. These
capacitors are connected to the data line 202 via the first
switching element 240. The reflection electrode 170 has a
capacitance CR separately connected to the second storage
capacitor 234 in parallel. These capacitors are separately
connected to the data line 202 via the second switching
element 245. The capacitor 234 is also connected to the
refresh capacitor 236 in parallel via the third switching
element 250. The refresh capacitor 236 is also connected to
the common line 210 through the fourth switching element
260. As shown in FIG. 6a, the charging and discharging of
the capacitors CT and C1 is controlled by gate-line 1 through
the first switching element 240. As shown in FIG. 65, the
charging and discharging of the capacitors CR, C2 and C3
are controlled by gate-line 2 through the third switching
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element 250, and by gate-line 1 through both the second
switching element 245 and the fourth switching element
260.

[0039] In the first control state, gate-line 1 is set to high
and gate-line 2 is set to low. When gate-line 1=high, the
switching elements 240, 245 and the switching element 260
are closed (“ON”). When gate-line 2=low, the switching
element 250 is open (“OFF”). In this control state, the
capacitors CT and C1 are connected to the data line 202, as
shown in FIG. 7a. Thus, the transmission electrode 160 has
the same potential (V 4,..) of the data line 202, The capaci-
tors CR and C2 are operatively connected to the data line
202, but disconnected from the refresh capacitor C3, as
shown in FIGS. 7b and 7¢. Thus, the reflection electrode 170
has the same potential (V,,.,) of the data line 202. The
refresh capacitor C3 is discharged, but its potential is in
equilibrium with the voltage on common line 210.

[0040] Inthe second control state, gate-line 1 is set to low
and gate-line 2 is set to high. When gate-line 1=low, the
switching elements 240, 245 and the switching element 260
are open (“OFF”). When gate-line 2=high, the switching
element 250 is closed (“ON”). In this control state, the
capacitors CT and C1 are disconnected from the data line
202, as shown in FIG. 8a. The potential of capacitors CT
and C2 remain the same voltage for a period of time. Thus,
the transmission electrode 160 substantially maintains its
original potential V.. The capacitors CR and C2 are now
connected to the refresh capacitor C3 in parallel as shown in
FIG. 8b. The overall capacitance associated with the reflec-
tion electrode 170 is increased from (CR+C2) to (CR+C2+
C3). As a result, the potential on the reflection electrode 170
is reduced. Thus, the voltage differential across the liquid
crystal layer in the reflection area is lower than that of the
liquid crystal layer in the transmission area.

[0041] Using the refresh capacitor C3 and the switching
elements 240, 245, 250 and 260, it is possible to control the
optical behavior of the liquid crystal layer in the reflection
area as compared to that in the transmission area. In order to
show the improvement in the viewing quality of the liquid
crystal display using the sub-pixel segment, according to the
present invention, various values of the refresh capacitor
have been used in the response measurement. We have
chosen C3/(CR+C2)=Y5, %5 and Y.

[0042] Two different polarization states of the liquid crys-
tal layer have been used for response measurement in order
to show the improvement in the view quality. In a first
response measurement, the liquid crystal display is arranged
such that the liquid crystal molecules are aligned in an
orientation substantially perpendicular to the electrodes
when a voltage potential is applied across the electrodes. A
schematic representation of a sub-pixel segment of the liquid
crystal display is shown in FIG. 9. A plot of transmissivity
(T, normal incidence and direct view) and reflectivity (R,
normal incidence and exit) of the liquid crystal layer as a
function of operational voltage V ,,,, is shown in FIG. 10. As
can be seen in FIG. 10, without the capacitance adjustment
on the reflection electrode (Curve A), the optimal opera-
tional voltage for the reflectivity response occurs at a much
lower voltage than the optimal operational voltage for the
transmissivity response (Curve T). With C3/(CR+C2)=25,
the optimal operational voltage for both the transmissivity
response and the reflectivity response (Curve C) occur at
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about 4V. The reflectivity response for C3/(CR+C2)=0.5 is
shown as Curve B and that for C3/(CR+C2)=Y5 is shown as
Curve D.

[0043] In another embodiment of the present invention,
the first storage capacitor 232 is connected to the reflection
electrode 170 and the second storage capacitor 234 is
connected to the transmission electrode 160, as shown in
FIG. 11a. The second storage capacitor 234 is connected to
the refresh capacitor 236 through the third switching ele-
ment 250. The equivalent circuit of this arrangement is
shown in FIG, 115. When the control state is switched from
(gate-line 1=high, gate-line 2=low) to (gate-line 1=low,
gate-line 2=high), the voltage potential of the transmission
electrode 160 is reduced by a factor of (CT+C2)/(CT+C2+
C3).

[0044] This embodiment has been used to measure the
responses in transmissivity and reflectivity when the liquid
crystal display is arranged such that the liquid crystal
molecules are aligned in an orientation substantially parallel
to the electrodes when a voltage potential is applied across
the electrodes. A schematic representation of a sub-pixel
segment of the liquid crystal display is shown in FIG. 11.
We have chosen (CT+C2)/(CT+C2+C3)=%5 and 35 in the
measurement. A plot of transmissivity (T, normal incidence
and direct view) and reflectivity (R, normal incidence and
exit) of the liquid crystal layer as a function of operational
voltage V.., is shown in FIG. 13. As can be seen in FIG.
10, without the capacitance adjustment on the transmission
electrode, the transmission response (Curve X) and the
reflection response (Curve R) do not match in most of the
practical voltage range. With (CT+C2)/(CT+C2+C3)=%, the
transmissivity response (Curve Y) does not match the reflec-
tion response in the practical voltage range. However, with
(CT+C2)/(CT+C2+C3)=%, the transmissivity response
(Curve 7) matches the reflection response reasonably well
from V,.,=2V to 6V.

[0045] 1In yet another embodiment of the present inven-
tion, the first storage capacitor 232 is connected to the
reflection electrode 170 and the refresh capacitor 236 is
connected to the transmission electrode 160, as shown in
FIG. 14a. The second storage capacitor 234 is connected to
the transmission electrode 160 and the refresh storage
capacitor 236 via the third switching element 250. The
equivalent circuit of this arrangement is shown in FIG. 145.
When the control state is set at gate-line 1=high and gate-
line 2=low, the refresh storage capacitor 236 is discharged so
that the voltage potential between the transmission electrode
160 and the common line 210 becomes zero. At the same
time, the second storage capacitor 234 is charged to V...
When the control state is switched to gate-line 1=low and
gate-line 2=high, the charges on the second storage capacitor
234 are shared by the refresh capacitor 236.

[0046] In still another embodiment of the present inven-
tion, the first storage capacitor 232 is connected to the
transmission electrode 160 and the refresh capacitor 236 is
connected to the reflection electrode 170, as shown in FIG.
15a. The second storage capacitor 234 is connected to the
reflection electrode 170 and the refresh capacitor 236 via the
third switching element 250. The equivalent circuit of this
arrangement is shown in FIG. 15b. When the control state
is set at gate-line 1=high and gate-line 2=low, the refresh
capacitor is discharged so that the voltage potential between
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the reflection electrode 170 and the common line 210
becomes zero. At the same time, the second storage capaci-
tor 234 is charged to V.. When the control state is
switched to gate-line 1=low and gate-line 2=high, the
charges on the second storage capacitor 234 are shared by
the refresh capacitor 236.

[0047] In sum, by adjusting the capacitance associated
with the transmission electrode 160 or the reflection elec-
trode 170, it is possible to improve the matching between the
transmission response and the reflectivity response. Capaci-
tance adjustment can be achieved by 1) separately connect-
ing one or more storage capacitors to the transmission
electrode and the reflection electrode and 2) connecting one
or more refresh capacitors to the transmission electrode or
the reflection electrode via a switching element, and 3)
connecting the storage capacitors and the refresh capacitors
to a plurality of switching elements controllable by at least
two gate lines. By setting the gate lines at different control
states, it is possible to adjust locally the optical responses of
the liquid crystal layer in order to achieve a substantial
match between the transmissivity response and the reflection
response.

[0048] Tt should be noted that the present invention has
been disclosed in conjunction with two embodiments. In the
embodiment as shown in FIG. 5a, the effective voltage
potential applied to the liquid crystal layer in the reflection
area is changed by adjusting the capacitance associated with
the reflection electrode. In the embodiment as shown in
FIG. 9, the effective voltage potential applied to the liquid
crystal layer in the transmission area is changed by adjusting
the capacitor associated with the transmission electrode. It
should be understood that it is possible to adjust both the
capacitance associated with the transmission electrode and
the capacitance associated with the reflection electrode in
the same sub-pixel segment, if so desired.

[0049] Thus, although the invention has been described
with respect to one or more embodiments thereof, it will be
understood by those skilled in the art that the foregoing and
various other changes, omissions and deviations in the form
and detail thereof may be made without departing from the
scope of this invention.

What is claimed is:

1. A liquid crystal display device having an array of
pixels, the liquid crystal operable in a first state and in a
second state, said display device comprising:

a first substrate having a common electrode;

a second substrate having a plurality of gate lines, a
plurality of data lines and a plurality of common lines;
the data lines and the gate lines arranged in different
directions, and

a liquid crystal layer disposed between the first and
second substrates, wherein each of at least some of the
pixels is associated with a data line, a first gate line and
a second gate line, each said pixel comprising:

a first sub-pixel area and a second sub-pixel area, the first
sub-pixel area having a first pixel electrode electrically
connected to the data line through a first switching
element, the second sub-pixel area having a second
pixel electrode electrically connected to the data line
through a second switching element, the second pixel
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electrode further connected to a charge refresh capaci-
tor through a third switching element, wherein

when the liquid crystal display is operated in the first
state, the first and second switching elements are closed
(“ON”) and the third switching element is open
(“OFF”), such that a first voltage potential between the
first pixel electrode and the common electrode is sub-
stantially equal to a second voltage potential between
the second pixel electrode and the common electrode,
the second pixel electrode and the refresh capacitor
having an electric charge associated therewith, and

when the liquid crystal display is operated in the second
state, the first and second switching elements are open
(“OFF”) and the third switching element is closed
(“ON™) so as to cause a redistribution of the electric
charge associated with the second pixel electrode and
the refresh capacitor, rendering the first voltage poten-
tial being different from the second voltage potential.

2. The display device of claim 1, wherein the first switch-
ing element has a control end electrically connected to the
first gate line, the second switching element has a control
end electrically connected to the first gate line, and the third
switching element has a control end electrically connected to
the second gate line for causing the respective switching
element to close or to open.

3. The display device of claim 1, wherein the third
switching element is electrically connected to the refresh
capacitor at one capacitor end, and said one capacitor end is
further connected to one of the common lines through a
fourth switching element, wherein the fourth switching
element is closed (“ON”) before the third switching element
is closed (“ON”) and the fourth switching element is open
(“OFF”) when the third switching element is closed (“ON”).

4. The display device of claim 3, each of the first, second
and fourth switching elements having a control end electri-
cally connected to the first gate line.

5. The display device of claim 1, wherein the common
electrode is electrically connected to one of the common
lines.

6. The display device of claim 1, wherein the first sub-
pixel area comprises a transmission area and the first pixel
electrode is a transmissive electrode, and wherein the second
sub-pixel area comprises a reflection area and the second
pixel electrode is a reflective electrode.

7. The display device of claim 1, wherein the first sub-
pixel area comprises a reflection area and the first pixel
electrode is a reflective electrode, and wherein the second
sub-pixel area comprises a transmission area and the second
pixel electrode is a transmissive electrode.

8. The display device of claim 3, wherein each of the first,
second, third and fourth switching element has a control end
and each switching element comprises a thin-film transistor
and the control end is the gate of the corresponding thin-film
transistor.

9. A liquid crystal display device having an array of
pixels, the liquid crystal operable in a first state and in a
second state, said display device comprising:

a first substrate having a common electrode;

a second substrate having a plurality of gate lines, includ-
ing a gate-line n and a gate-line n+1, a plurality of data
lines including a data line m, and a plurality of common
lines; the data lines and the gate lines arranged in
different directions, and
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a liquid crystal layer disposed between the first and
second substrates, wherein one of the pixels is associ-
ated with the data line m, the gate line n and the gate
line n+1, said pixel comprising:

a first sub-pixel area and a second sub-pixel area, the first
sub-pixel area having a first pixel electrode electrically
connected to the data line m through a first switching
element, the second sub-pixel area having a second
pixel electrode electrically connected to the data line m
through a second switching element, the second sub-
pixel area having a refresh capacitor having a first end
and a second end, the second end electrically connected
to one of the common lines, the second pixel electrode
further connected to the first end of the charge refresh
capacitor through a third switching element, each of the
first and second switching elements having a control
end electrically connected to the gate line n, the third
switching element having a control end electrically
connected to the gate line n+1, wherein

when the liquid crystal display is operated in the first
state, the first and second switching elements are closed
(“ON”) and the third switching element is open
(“OFF”), such that a first voltage potential between the
first pixel electrode and the common electrode is sub-
stantially equal to a second voltage potential between
the second pixel electrode and the common electrode,
the second pixel electrode and the refresh capacitor
having an electric charge associated therewith, and

when the liquid crystal display is operated in the second
state, the first and second switching elements are open
(“OFF”) and the third switching element is closed
(“ON”) so as to cause a redistribution of the electric
charge associated with the second pixel electrode and
the refresh capacitor, rendering the first voltage poten-
tial being different from the second voltage potential.
10. The display device of claim 9, wherein said pixel
further comprises a fourth switching element and wherein
the first end of the refresh capacitor is further connected to
a common line through the fourth switching element, the
fourth switching element having a control end electrically
connected to the gate line n, wherein the fourth switching
element is closed (“ON”) before the third switching element
is closed (“ON”) and the fourth switching element is open
(“OFF”’) when the switching third element is closed (“ON”).
11. The display device of claim 10, wherein the common
electrode is made from a transmissive material, electrically
connected to one of the common lines.
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12. The display device of claim 11, wherein the first and
second pixel electrodes are made from a transmissive mate-
rial.

13. The display device of claim 11, wherein the first
sub-pixel area comprises a transmission area and the first
pixel electrode is a transmissive electrode, and wherein the
second sub-pixel area comprises a reflection area and the
second pixel electrode is a reflective electrode.

14. The display device of claim 11, wherein the first
sub-pixel area comprises a reflection area and the first pixel
electrode is a reflective electrode, and wherein the second
sub-pixel area comprises a transmission area and the second
pixel electrode is a transmissive electrode.

15. A method for improving viewing quality of a trans-
flective liquid crystal display having a first side, an opposing
second side, and a liquid crystal layer disposed between the
first and second sides, the display comprising a plurality of
pixels, at least some of the pixels including a plurality of
color sub-pixels, each sub-pixel comprising a transmission
area and a reflection area, wherein the transmission area
comprises a transmissive electrode disposed adjacent to the
second side, allowing light entering the sub-pixel from the
second side to be transmitted through the transmissive
electrode, and the liquid crystal layer and then to the first
side, and the reflection area comprises a reflective electrode
disposed adjacent to the second side spaced from the trans-
missive electrode, allowing light entering the sub-pixel from
the first side through the liquid crystal layer to be reflected
by the reflective electrode back through the liquid crystal
layer and then to the first side, and wherein the liquid crystal
display is operable in a first state and in a second state for
controlling optical behavior of the liquid crystal layer for
viewing, said method comprising the steps of:

providing a first charge storage capacitance to the trans-
mission area;

providing a second charge storage capacitance to the
reflective area, the second charge capacitance having a
relative capacitance value compared to the first charge
storage capacitance; and

controlling at least one of the first capacitance and the
second capacitance such that the relative capacitance
value when the liquid crystal display is operated in the
first state is different from the relative capacitance
value when the liquid crystal display is operated in the
second state.
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