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(57) ABSTRACT

In a transflective liquid crystal display having a transmission
area and the reflection area, the transmissive electrode is
connected to a switching element to control the liquid crystal
layer in the transmission area, and the reflective electrode is
connected to the switching element via a separate capacitor
to control the liquid crystal layer in the reflection area. The
separate capacitor is used to shift the reflectance in the
reflection area toward a higher voltage end in order to avoid
the reflectance inversion problem. In addition, an adjustment
capacitor is connected between the reflective electrode and
a different common line. The adjustment capacitor is used to
reduce or eliminate the discrepancy between the gamma
curve associated with the transmittance and the gamma
curve associated with the reflectance.
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TRANSFLECTIVE LIQUID CRYSTAL DISPLAY
WITH GAMMA HARMONIZATION

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 3 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 from above an upper substrate 20 encountering
the reflection area goes through the upper substrate 20, the
color filter R and the liquid crystal layer before it is reflected
by a reflective layer or electrode 52. Alternatively, a non-
color filter (NCF) is formed on the upper substrate 20,
corresponding to part of the reflective area, 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. For example, a transmissive
electrode 54 on the device layer 50, together with a common
electrode 22 on the color filter, is used to control the optical
behavior of the liquid crystal layer in the transmission area.
Likewise, the optical behavior of the liquid crystal layer in
the reflection area is controlled by the reflective electrode 52
and the common electrode 22. The common electrode 22 is
connected to a common line. 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). Furthermore, a storage capacitor is
commonly disposed in the device layer 50 to retain the
electrical charge in the sub-pixel after a signal pulse in the
gate line has passed. An equivalent circuit of a typical
sub-pixel (m, n) having a transmission area and a reflection
area is shown in FIG. 4. In FIG. 4, C, ., is the capacitance
mainly attributable to the liquid crystal layer between the
transmissive electrode 54 and the common electrode 22, and
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C, . is the capacitance mainly attributable to the liquid
crystal layer between the reflective electrode 52 and the
common electrode 22. C, is the storage capacitor and COM
denotes the common line.

[0005] As it is known in the art, an LCD panel also has
quarter-wave plates and polarizers.

[0006] Ina single-gap transflective LCD, one of the major
disadvantages is that the transmissivity of the transmission
area (transmittance, the V-T curve) and the reflectivity in the
reflection area (reflectance, the V-R curve) do not reach their
peak values in the same voltage range. As shown in FIG. 5,
the V-R curve is peaked at about 2.8V, while the “flat”
section of the V-T curve is between 3.7V and 5V. The
reflectance experiences an inversion while the transmittance
is approaching its higher values.

[0007] In prior art, this reflectivity inversion problem has
been corrected by using a double-gap design wherein the
gap at the reflection area is about half of the gap at the
transmission area. While the double-gap design is effective
in principle, it is difficult to achieve in practice mainly due
to the complexity in the fabrication process. Other attempts,
such as manipulating the voltage levels in the transmission
and the reflection areas and coating the reflective electrode
by a dielectric layer, have been proposed. For example, the
voltage level in the reflection area relative to that in the
transmission area is reduced by using capacitors. As shown
in FIG. 6, a separate capacitor C. is connected in series to
C1 oo As such, the voltage level on the reflective electrode
in reference to the common line voltage level Vg, 18
given by:

Verey = Vee — Veoml

Ce
= m # (Vyrq — Veoml)

where V., is the voltage level on the data line.

[0008] By adjusting the ratio C/(Cp,+Ce), it is possible
to shift the peak of the reflectance curve toward the higher
voltage end so as to match the flatter region of the trans-
mittance curve, as shown in FIG. 7a. As such, the inversion
in the reflectance relative to the transmittance can be
avoided.

[0009] However, while the transmittance starts to increase
rapidly at about 2.2V, the reflectance remains low until about
2.8V. In this low brightness region, the discrepancy in the
transmittance and reflectance also causes the discrepancy
between the gamma curve associated with the transmittance
and the gamma curve associated with the reflectance, as
shown in FIG. 7b. FIG. 7b shows the transmittance and
reflectance as a function of gamma level. Such discrepancy
in the gamma curves degrades the view quality of a trans-
flective LCD panel.

[0010] Tt is thus advantageous and desirable to provide a
method to reduce the discrepancy between the gamma curve
associated with the transmittance and the gamma curve
associated with the reflectance.

SUMMARY OF THE INVENTION

[0011] The present invention provides a method and a
pixel structure to improve the viewing quality of a trans-
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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 which comprises a transmission
area and a reflection area. In the sub-pixel segment, a data
line, a gate line, a common line connected to a common
electrode, and a switching element operatively connected to
the data line and the gate line are used to control the
operational voltage on the liquid crystal layer areas associ-
ated with the sub-segment. The transmission area has a
transmissive electrode and the reflection area has a reflective
electrode. The transmissive electrode is connected to the
switching element to control the liquid crystal layer in the
transmission area. The reflective electrode is connected to
the switching element via a separate capacitor to control the
liquid crystal layer in the reflection area. The separate
capacitor is used to shift the reflectance in the reflection area
toward a higher voltage end in order to avoid the reflectance
inversion problem. In addition, an adjustment capacitor is
connected between the reflective electrode and a different
common line. The adjustment capacitor is used to reduce or
eliminate the discrepancy between the gamma curve asso-
ciated with the transmittance and the gamma curve associ-
ated with the reflectance.

[0012] The present invention will become apparent upon
reading the description taken in conjunction of FIGS. 8 to
16.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a schematic representation showing a
typical LCD display.

[0014] FIG.2is a plan view showing the pixel structure of
a conventional transflective color LCD display.

[0015] FIG. 3a is a cross sectional view showing the
reflection and transmission of light beams in the pixel as
shown in FIG. 2.

[0016] FIG. 3b is a cross sectional view showing the
reflection and transmission of light beams in another prior
art transflective display.

[0017] FIG. 4 is an equivalent circuit of a sub-pixel
segment in a transflective LCD panel.

[0018] FIG.5 is a plot of transmittance (T) and reflectance
(R) against applied voltage (V) in a prior art single-gap
transflective LCD.

[0019] FIG. 6 is an equivalent circuit of a sub-segment
segment in a transflective LCD wherein a separate capacitor
is connected to the reflective electrode to reduce the voltage
level thereon.

[0020] FIG. 7a is a plot of transmittance (T) and reflec-
tance (R) against applied voltage (V) showing the shifting of
the R-V curve as a result of the separate capacitor in the
reflection area.

[0021] FIG. 7b1is a plot of transmittance and reflectance as
a function of gamma level.

[0022] FIG. 8 is an equivalent circuit of a sub-pixel
segment, according to the present invention.

[0023] FIG. 9 is a timing chart showing the signals at two
common lines in relationship to the gateline signal and the
data line signal.
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[0024] FIG. 10a is a plot of transmittance and reflectance
against applied voltage in a sub-pixel segment, according to
the present invention.

[0025] FIG. 106 is a plot of transmittance and reflectance
as a function of gamma level, according to the present
invention.

[0026] FIG. 11 is an equivalent circuit of the transflective
LCD display showing the driving scheme of COM2, accord-
ing to the present invention.

[0027] FIG. 12 is an equivalent circuit of the sub-pixel
segment, according to another embodiment of the present
invention.

[0028] FIG. 13 is a timing chart showing the signal at
COM2, according to a different embodiment of the present
invention.

[0029] FIG. 14 is a timing chart showing the signals at
COMI1 and COM2, according to another embodiment of the
present invention.

[0030] FIG. 15 is a timing chart showing the signals at
COMI1 and COM2, according to yet another embodiment of
the present invention.

[0031] FIG. 16 is a cross sectional view showing the layer
structure in the lower substrate in a transflective LCD
sub-pixel segment, according to the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0032] A sub-pixel segment, according to one embodiment
of the present invention, is illustrated in the equivalent
circuit of FIG. 8. As with a sub-pixel segment in a prior art
transflective LCD display, the sub-pixel segment (m, n),
according to the present invention, has a transmission area
and a reflection area jointly controlled by the n™ gate line
and the m™ data line via a switching element. The sub-pixel
segment has a common electrode connected to a common
line COM1. The optical behavior of the liquid crystal layer
in the reflection area is controlled by the reflective electrode
and the common electrode. A storage capacitor C, is used to
retain the electrical charge in the sub-pixel segment after a
signal pulse in the gate line has passed.

[0033] InFIG. 8, C;, is the capacitance mainly attribut-
able to the liquid crystal layer between the transmissive
electrode and the common electrode, and C; -, is the capaci-
tance mainly attributable to the liquid crystal layer between
the reflective electrode and the common electrode. In addi-
tion, a separate capacitor C.. is connected in series to C; -,
in order to shift the reflectance in the reflection area toward
a higher voltage end in order to avoid the reflectance
inversion problem. Furthermore, an adjustment capacitor C,
is connected between the reflective electrode and a different
common line nth COM2. The adjustment capacitor is used
to reduce or eliminate the discrepancy between the gamma
curve associated with the transmittance and the gamma
curve associated with the reflectance. With such an adjust-
ment capacitor C,, the voltage level on the reflective elec-
trode in reference to the common line voltage Vi gy 18
given by:
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Verea = Vee = Veoml

_ Cox (Vi - Veoml) + (Ce + Cp)  (nth_Vcon2 — Veoml)
- (CL52+CC+C2)

In FIG. 8, COM3 can be the same as COM1 or different from
COML.

[0034] The nth Vg, signal on the common line COM2
is shown in FIG. 9. In FIG. 9, the dashed line denotes a
reference voltage level Vygp. As shown, both the Vg
signal on the common line COM1 and the Vgp, source
signal are AC signals. While the Vo, signal is substan-
tially 180° out of phase with the data signals on Data line n,
the Vgy source signal is substantially in phase with the
Data line n. It should be noted that the common line COM2
is a floating electrode and, therefore, the shape of nth Vop s
signal is dependent upon Vs, and upon the driving mode.
For example, when the driving mode is in accordance with
a line inversion scheme, the nth V-, ,, signal has a step-like
shape as shown in FIG. 9. In a negative frame, the nth
V.., signal is, in general, is negative but its amplitude
fluctuation follows the shape of V.q,,,. When nth gate line
is turned on again and the frame is positive, the n® Veone
is refreshed and changes polarity from negative to positive
in a pixel. The shape of the nth Vo, remains the same
until the next frame.

[0035] As seen in the above equation, it is possible to
adjust the values of C. and C, to improve the viewing
quality of a transflective LCD panel. For example, it is
possible to select C. and C, such that

Ce/(CetCreatC5)=0.46,
and
Col(CAClLea+Cr)=0.32.

[0036] With AA_COM=3V (AA_COM being the absolute
value of the amplitude difference between nth V., and
V com s the matching between the transmittance and reflec-
tance is shown in FIG. 10a. As can be seen in FIG. 10aq, not
only the peak of the reflectance curve reasonably matches
the flatter segment of the transmittance curve at about 4.0V,
the slope of the transmittance curve and the slope of the
reflectance curve from 2V to 4V region are reasonably close
to each other. Based on a 64-level transmittance gamma
curve with an index of 2.2, or T=(n/64)*>, a reflectance
gamma curve is obtained as shown in FIG. 105. As can be
seen, the discrepancy between the transmittance gamma
curve and the reflectance gamma curve is greatly reduced.

[0037] The nth Vg signal as shown in FIG. 9 is used
for a swing type display in order to achieve a pixel inversion
effect. Such a swing type nth V-, can be realized by using
the driving scheme as shown in FIG. 11. As shown in FIG.
11, the adjustment capacitor C, is electrically connected to
a common voltage source COM2 through another switching
element for receiving nth Vi gyp. In FIG. 11, V_COM1, V 5
COM3 and V_COM4 can be the same or different. Conve-
niently, only one switching element outside the display area
is used to provide the nth Vg, signal for an entire line n.
Furthermore, a common capacitor C.qy, electrically con-
nected to the switching element for stabilizing the voltage
signal at the second common electrode nth COM2. In FIGS.
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8 and 11, only a common storage capacitor C, is used for
both the transmission area and the reflection area in a
sub-pixel segment. However, it is possible to have two
storage capacitors Cyp; and Cyp, in a sub-pixel segment,
separately storing the electric charge in the transmission area
and the reflection area, as shown in FIG. 12. Moreover, it is
possible to use a constant Vo, signal, as shown in FIG.
13, rather than the swing type signal of FIG. 9.

[0038] Ina different embodiment of the present invention,
while the swing type nth V gy, 18 used, Voqy,; 18 a constant
voltage, as shown in FIG. 14. In yet another embodiment of
the present invention, both Vg, and nth Vg, are 180°
out of phase with Data line n. Thus, V., is in phase with
nth Vgps as shown in FIG. 15.

[0039] The use of adjustment capacitors to achieve har-
monization between the transmittance gamma and the
reflectance gamma can be implemented in an Active Matrix
transflective liquid crystal display (AM TRLCD) panel
without significantly increasing the complexity in the fab-
rication process. As shown in FIG. 16, the adjustment
capacitor can be realized by adding a common line COM2
on the lower substrate. By using a floating metal layer
Metal_1, both C. and C, can be achieved.

[0040] 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 method for improving viewing quality of a liquid
crystal display panel, the display panel comprising a liquid
crystal layer having a first side and an opposing second side,
and a common electrode disposed on the first side of the
liquid crystal layer, wherein the common electrode is opera-
tively applied with a common voltage, and wherein the
display panel has a plurality of pixels, and at least some of
the pixels have a first area and a second area, the first area
comprising a first electrode disposed on the second side of
the liquid crystal layer, the second area comprising a second
electrode disposed on the second side of the liquid crystal
layer adjacent to the first electrode, wherein the first elec-
trode is operatively applied with a first voltage to achieve a
first optical transmissivity through the liquid crystal layer in
the first area as a function of the first voltage, and the second
electrode is operatively applied with a second voltage to
achieve a second optical transmissivity through the liquid
crystal layer in the second area as a function of the second
voltage, wherein the first optical transmissivity has a lower
transmissivity section and a higher transmissivity section,
and the second transmissivity has a lower transmissivity
section and a higher transmissivity section, said method
comprising:

adjusting the second voltage relative to the first voltage
for substantially matching the higher transmissivity
section of the second optical transmissivity to the
higher transmissivity section of the first optical trans-
missivity, leaving a discrepancy between the lower
transmissivity section of the second optical transmis-
sivity and the lower transmissivity section of the first
optical transmissivity; and
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providing a voltage different from the common voltage to
the second electrode via a charge storage device so as
to reduce the discrepancy between the lower transmis-
sivity section of the second optical transmissivity and
the lower transmissivity section of the first optical
transmissivity.

2. The method of claim 1, wherein the first electrode
comprises a transmissive electrode and the second electrode
comprises a reflective electrode.

3. The method of claim 2, wherein the first optical
transmissivity is equal to the transmittance of the liquid
crystal layer through the transmissive electrode in the first
area and the second optical transmissivity is equal to the
reflectance of the liquid crystal layer reflected from the
reflective electrode in the second area.

4. The method of claim 2, wherein the first voltage is a
data signal.

5. The method of claim 4, wherein the second area
comprises a charge storage capacitor having a first end
electrically connected to the data signal and a second end
operatively connected to the reflective electrode, and the
second voltage is a voltage signal at the second end of the
charge capacitor.

6. A method to improve viewing quality of a liquid crystal
display, the liquid crystal display comprising:

a plurality of data lines for conveying a data signal;
a plurality of gate lines for providing a driving signal; and

a plurality of pixels, wherein each pixel has a switching
unit to admit the data signal from a data line responsive
to the driving signal from a gate line, and wherein each
pixel has a first liquid crystal capacitor and a second
liquid crystal capacitor, wherein a first end of the first
capacitor is coupled to the switching unit, said method
comprising;

in said each pixel

electrically connecting a coupling capacitor between
the switching unit and a first end of the second liquid
crystal capacitor;

applying a first common voltage signal to a second end
of the first liquid crystal capacitor and a second end
of the second liquid crystal capacitor; and

electrically connecting an adjustment capacitor
between the first end of the second liquid crystal
capacitor and a second common voltage signal.

7. The method of claim 6, further comprising:

electrically connecting a storage capacitor in parallel to
the first liquid crystal capacitor.

8. The method of claim 6, further comprising;

electrically connecting a storage capacitor in parallel to
the second liquid crystal capacitor.

9. The method of claim 6, further comprising:

operatively connecting an additional switching unit
between the adjustment capacitor and a voltage source
so as to allow the voltage source to provide the second
common voltage signal to the adjustment capacitor via
the additional switching unit responsive to the driving
signal from the gate line.
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10. The method of claim 9, further comprising:

electrically connecting a further capacitor to additional
switching unit for stabilizing a voltage at the second
common electrode.

11. A liquid crystal display, comprising:

a plurality of data lines for conveying a data signal;
a plurality of gate lines for providing a driving signal; and
a plurality of pixels, each pixel comprising:

a switching unit, responsive to the driving signal from
a gate line, for admitting the data signal from a data
line;

a first common electrode for providing a first common
voltage signal;

a second common electrode for providing a second
common voltage signal;

a pixel electrode, electrically connected to the switch-
ing unit, for driving a liquid crystal layer within the
pixel based on the admitted data signal and the first
common voltage signal;

a first liquid crystal capacitor having a first end elec-
trically connected to the first common electrode, and
a second end electrically connected to the pixel
electrode;

an coupling capacitor having a first end and a second
end, wherein the first end is electrically connected to
the pixel electrode;

an adjustment capacitor having a first end electrically
comnected to the second common electrode and a
second end connected to the second end of the
coupling capacitor; and

a second liquid crystal capacitor having a first end
electrically connected to the first common electrode,
and a second end electrically connected to the second
end of the coupling capacitor, for driving the liquid
crystal layer based on the admitted data signal, the
first common voltage signal and the second common
voltage signal.

12. The liquid crystal display of claim 11, further com-
prising
a storage capacitor connected in parallel to the first liquid
crystal capacitor in said each pixel.
13. The liquid crystal display of claim 11, further com-
prising
a storage capacitor connected in parallel to the second
liquid crystal capacitor in said each pixel.
14. The liquid crystal display of claim 11, wherein, in said
each pixel,

the first liquid crystal capacitor has two electrode ends,
each of which is made of substantially transparent
material, and

the second liquid crystal capacitor has a first electrode end
made of substantially transparent material and a second
electrode end made of a reflective material.
15. The liquid crystal display of claim 11, wherein, in said
each pixel,
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the second liquid crystal capacitor has two electrode ends,
each of which is made of substantially transparent
material, and

the first liquid crystal capacitor has a first electrode end
made of substantially transparent material and a second
electrode end made of a reflective material.
16. The liquid crystal display of claim 11, further com-
prising:

a voltage source for providing the second common volt-
age signal; and

an additional switching unit, responsive to the driving
signal from said gate line, for electrically connecting
the second common electrode in said each pixel to the
voltage source.

17. The liquid crystal display of claim 16, further com-
prising

a further capacitor electrically connected to the second

common electrode in said each pixel for stabilizing a
voltage at the second common electrode.

18. The liquid crystal display of claim 17, wherein the
further capacitor has a first end electrically connected to the
second common electrode and a second end electrically
connected to the first common electrode.

19. The liquid crystal display of claim 16, wherein each
of the first and second common voltage signals is a constant
voltage signal or an AC voltage signal.

20. The liquid crystal display of claim 16, wherein the first
common voltage signal and the second common voltage
signal are AC signals 180 degrees out of phase with each
other.
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21. The liquid crystal display of claim 16, wherein the first
common voltage signal and the second common voltage
signal are AC signals in phase with each other.

22. The liquid crystal display of claim 16, wherein the
second common voltage signal comprises a constant voltage
signal.

23. The liquid crystal display of claim 11, wherein the first
end of the first liquid crystal capacitor comprises a first
transparent electrode and the second end of the first liquid
crystal capacitor comprises a second transparent electrode,
and wherein the first end of the second liquid crystal
capacitor comprises a transparent electrode and the second
end of the second liquid crystal capacitor comprises a
reflective electrode.

24. The liquid crystal display of claim 23, further com-
prising:

a voltage source for providing the second common volt-
age signal;

an additional switching unit, responsive to the driving
signal from said gate line, for electrically connecting
the second common electrode in said each pixel to the
voltage source; and

a further capacitor electrically connected to the second
common electrode for stabilizing a voltage at the
second common electrode.
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