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(57) ABSTRACT

In a transflective LCD, it is possible to cause the change in
the optical characteristics of the liquid crystal layer in the
transmission area between operating states to be different
from the change in the optical characteristics of the liquid
crystal layer in the reflection area by using different applied
voltages in the transmission and reflection areas. In the first
operating state, the liquid crystal layer in the transmission
area and the liquid crystal layer in the reflection area are
used as a half-wave plate to change the linear polarization
axis of the traversing light. In the second operating state, the
liquid crystal layer in the transmission area does not affect
the polarization axis of the traversing light, but the liquid
crystal layer in the reflection area is used as a quarter-wave
plate. As such, no additional half-wave plates and quarter-
wave plates are needed.
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TRANSFLECTIVE LIQUID CRYSTAL DISPLAY
WITH OPTICAL STRUCTURE

FIELD OF THE INVENTION

[0001] The present invention relates generally to a liquid
crystal display panel and, more particularly, to a transflective
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 FIG. 3 is a cross sectional view of the pixel
structure. As shown in FIG. 2, a pixel can be divided into
three sub-pixels 100R, 100G and 100B and each sub-pixel
can be divided into a transmission area (TA) and a reflection
area (RA).

[0004] A typical sub-pixel 100 is shown in FIG. 3. As
shown, the sub-pixel segment 100 has an upper layer struc-
ture, 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, a color filter
(not shown) and an upper electrode 150. The upper electrode
150 is made from a substantially transparent material such as
ITO (Indium-tin oxide). The lower layer structure comprises
an electrode layer having a transmissive electrode 170 and
a reflective electrode 160. The transmissive electrode 170 is
made from a transparent material such as ITO. The reflective
electrode 160 also serves as a reflector and is made from one
or more highly reflective metals such as Al, Ag, Cr, Mo, Tj,
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 transmissive electrode 170 is electrically
connected to the device layer 200 via a connector 184, and
the reflective electrode 160 is electrically connected to the
device layer 200 via a connector 182.

[0005] In the transmission area as shown in FIG. 3, light
from a back-light source enters the pixel area through the
lower layer structure, and goes through a liquid crystal layer
and the upper layer structure. In the reflection area, light
encountering the reflection area goes through the upper layer
structure and the liquid crystal layer before it is reflected by
a reflective electrode 160.

[0006] The sub-pixel structure as shown in FIG. 3 is
known as a single-gap structure. In a single-gap transflective
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LCD, one of the major disadvantages is that transmittance of
the transmission area (the V-T curve) and reflectance in the
reflection area (the V-R curve) do not reach their peak values
in the same voltage range. As a result, reflectance experi-
ences an inversion while transmittance is approaching its
higher value.

[0007] In order to overcome this inversion problem, a
dual-gap design is used in a transflective LCD. In a dual-gap
transflective LCD, as shown in FIG. 4, the gap Gy in the
reflection area is half the gap G in the transmission area.
Thus, the thickness of the liquid crystal layer 190 in the
reflection area is one half the thickness of the liquid layer
190 in the transmission area. As such, the transmittance and
the reflectance of the LCD are more consistent with each
other.

[0008] A normally white modulated twisted nematic LCD
is shown in FIGS. 5A and 5B. As shown in FIG. 5A, when
the applied voltage across the liquid crystal layer 190 is low,
the liquid crystal molecules are aligned along with the
surface of the upper electrode 150 such that the liquid crystal
layer 190 acts like a half-wave plate in both the transmission
area and the reflection area. When the applied voltage across
the liquid crystal layer 190 is high, the liquid crystal layer no
longer acts as a half-wave plate. The liquid crystal layer 190
does not change the polarization state of a light beam
traversing the layer, as show in FIG. 5B.

[0009] While the optical characteristics of a dual-gap
transflective LCD are superior to those of a single-gap
transflective LCD, the manufacturing process for controlling
the gap in the reflection area in relation to the gap in the
transmission area is complex. The production yield for
dual-gap transflective LCDs is generally lower than that of
single-gap transflective LCDs.

[0010] Tt is thus desirable and advantageous to provide a
method for achieving a transflective LCD having the advan-
tages of both the single-gap transflective LCD and the
dual-gap transflective LCD.

SUMMARY OF THE INVENTION

[0011] The transflective LCD, according to the present
invention, is based on a single-gap design so as to simplify
the manufacturing process. Advantageously, the transflec-
tive LCD, according to the present invention, also achieves
the matching between the transmittance in the transmission
area and the reflectance in the reflection area when the LCD
is operated between two states. By using different applied
voltages in the transmission and reflection areas, it is pos-
sible to cause the change in the optical characteristics of the
liquid crystal layer in the transmission area between opet-
ating states to be different from the change in the optical
characteristics of the liquid crystal layer in the reflection
area. More particularly, in the first operating state, the liquid
crystal layer in the transmission area and the liquid crystal
layer in the reflection area are used as a half-wave plate to
change the linear polarization axis of the traversing light. In
the second operating state, the liquid crystal layer in the
transmission area does not affect the polarization axis of the
traversing light, but the liquid crystal layer in the reflection
area is used as a quarter-wave plate. As such, no additional
half-wave plates and quarter-wave plates are needed.

[0012] Tt is preferable that the change in the voltage
potential applied to the liquid crystal layer in the transmis-
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sion area is two times the change in the voltage potential
applied to the liquid crystal layer in the reflection area
between operating states. In order to achieve such changes,
it is possible to apply different voltage potentials on the
electrodes in transmissive and the reflective areas. It is also
possible to dispose a dielectric layer in the reflection area in
order to reduce the voltage potential across the liquid crystal
layer in the reflection area.

[0013] The present invention will become apparent upon
reading the description taken in conjunction with FIGS.
6a-10.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a schematic representation of a prior art
liquid crystal display panel.

[0015] FIG. 2 is a schematic representation of a pixel in
a prior art color LCD panel.

[0016] FIG. 3 is a schematic representation showing a
cross sectional view of a sub-pixel in a prior art single-gap
LCD.

[0017] FIG. 4 is a schematic representation showing a
cross sectional view of a sub-pixel in a prior art dual-gap
LCD.

[0018] FIG. 5A is a schematic representation showing the
polarization states of a light beam in a prior art MTN
normally white dual-gap LCD when the L.CD is operated in
the “bright” state.

[0019] FIG. 5B is a schematic representation showing the
polarization states of a light beam in the prior art LCD of
FIG. 5B when the LCD is operated in the “dark™ state.

[0020] FIG. 6A is a schematic representation showing the
polarization states of a light beam in an MTN normally
white single-gap LCD, according to the present invention,
when the LCD is operated in the “bright” state.

[0021] FIG. 6B is a schematic representation showing the
polarization states of a light beam in the MTN normally
white single-gap LCD, according to the present invention,
when the LCD is operated in the “dark” state.

[0022] FIG. 7A is a plot of transmittance vs. applied
voltage in a single-gap LCD.

[0023] FIG. 7B is a plot of reflectance vs. applied voltage
in a prior art single-gap LCD.

[0024] FIG. 7C is a simulated plot of reflectance vs.
applied voltage in a single-gap LCD, according to the
present invention.

[0025] FIG. 8A is a schematic representation of an
embodiment of the present invention for achieving different
applied voltages in the transmission and reflection areas.

[0026] FIG. 8B is a schematic representation of another
embodiment of the present invention for achieving different
applied voltages in the transmission and reflection areas.

[0027] FIG. 8C is a schematic representation of yet
another embodiment of the present invention for achieving
different applied voltages in the transmission and reflection
areas.
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[0028] FIG. 9A is a schematic representation of a different
embodiment of the present invention, when the LCD is
operated in the “bright” state.

[0029] FIG. 9B is a schematic representation of a different
embodiment of the present invention, when the LCD is
operated in the “dark”™ state.

[0030] FIG. 10 is a schematic representation of yet
another different embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0031] In contrast to the prior art modulated twisted nem-
atic (MTN) normally white transflective LCD, the present
invention does not use half-wave plates and quarter-wave
plates to change the polarization states of a light beam
encountering the LCD. Furthermore, the present invention
uses a single-gap design to achieve a match between trans-
mittance in the transmission area and reflectance in the
reflection area of a transflective LCD. FIGS. 6A and 6B
show the different states of the LCD, according to the
present invention. As shown in FIG. 6A, when the trans-
flective LCD 100 is operated in a “bright” state, the liquid
crystal molecules in the liquid crystal layer 190 is oriented
in a direction substantially parallel to the electrodes 150, 160
and 170. In this state, the liquid crystal layer 190 is used as
a half-wave plate so that the polarization axis of a linearly
polarized light beam is changed by 90°, for example. How-
ever, angles other than 90° are also possible. In the “dark”
state, the applied voltage across the liquid crystal layer 190
in the transmission area causes the liquid crystal molecules
to be oriented in a direction substantially perpendicular to
the electrodes 150 and 170. As such, the liquid crystal layer
190 in the transmission area does not alter the polarization
axis of a linearly polarized light beam. However, because the
applied voltage across the liquid crystal layer 190 in the
reflection area is about half of that in the transmission area,
the liquid crystal molecules in the reflection area are par-
tially tilted such that the liquid crystal layer 190 in the
reflection area acts like a quarter-wave plate, causing a
linearly polarized light beam to become a circularly polar-
ized light beam when the beam traverses a distance equal to
the thickness of the liquid crystal layer. Thus, the polariza-
tion axis of the exiting beam is 90° different from the
polarization axis of the incoming beam, as shown in FIG.
6B.

[0032] Thus, between two operating states of the trans-
flective LCD 100, according to the present invention, the
change in the polarization property of the liquid crystal layer
190 in the transmission area is equivalent to a half-wave
plate. However, the change in the polarization property of
the liquid crystal layer 190 in the reflection area is equivalent
to a quarter-wave plate. Optically, the single-gap transflec-
tive LCD of the present invention is equivalent to a prior art
dual-gap transflective LCD.

[0033] FIGS. 7A and 7B show the mismatch between the
transmittance (or transmissivity) in the transmission area
and the reflectance (or reflectivity) in the reflection area as
a function of applied voltage in a prior art single-gap
transflective LCD. In a single-gap transflective LCD of the
present invention, the reflectance as a function of the applied
voltage, as shown in FIG. 7C, matches very well with the
transmittance as shown in FIG. 7A.
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[0034] Comparing FIG. 6A to FIG. 6B, it can be seen that
when a light beam traverses a distance equal to the thickness
of the liquid crystal layer in the transmission area of the
transflective LCD 100, the polarization axis of the light
beam between the “bright” state and the “dark” state is 90°,
for example. However, a light beam traversing in the reflec-
tion area must travel twice the distance in order to experi-
ence the same change in the polarization state. Furthermore,
in the prior art MTN normally white LCD (see FIGS. 5A
and 5B), the light beams are circularly polarized as they
enter and exit the liquid crystal layer 190. In contrast, in the
MTN normally white LCD of the present invention, light
beams are linearly polarized as they enter and exit the liquid
crystal layer 190. In the prior art MTN LCD as shown in
FIGS. 3-5B, two half-wave plates and two quarter-wave
plates are used. In contrast, in the MTN LCD of the present
invention, there are no half-wave plates and quarter-wave
plates.

[0035] In order to achieve the different polarization
changes in the transmission area and the reflection area, the
voltage potential across the liquid crystal layer in the reflec-
tion area must be smaller than that in the transmission area.
Preferably, the voltage potential across the liquid crystal
layer in the reflection area is half of that in the transmission
area. There are many ways to achieve that voltage potential
difference. For example, it is possible to dispose a substan-
tially transparent dielectric layer on top of the reflective
electrode 160" so that the resulting voltage potential across
the liquid crystal layer 190 in the reflection area is signifi-
cantly reduced. As shown in FIG. 8A, part of the passivation
layer 180 covers the reflective electrode 160'. As such,
although the reflective electrode 160" and the transmissive
electrode 170 are connected to the same voltage source, the
orientation of the liquid crystal molecules in the transmis-
sion area and the reflection area is not the same.

[0036] Alternatively, part of the upper electrode 150 is
covered by a substantially transparent dielectric layer to
reduce the voltage potential across the liquid crystal layer in
the reflection area. As shown in FIG. 8B, the section 152 of
the upper electrode is covered by a dielectric layer 220 on a
substrate 210, whereas the section 154 of the upper electrode
is exposed to the liquid crystal layer 190. In this embodiment
it may not be necessary to cover the reflective electrode 160
by a dielectric layer. The reflective electrode 160 and the
transmissive electrode 170 can be connected to the same
voltage source.

[0037] In a different embodiment of the present invention
as shown in FIG. 8C, different voltages are applied on the
reflective electrode 160 and the transmissive electrode 170.

[0038] The embodiment as shown in FIGS. 6A and 6B
can be further improved to enhance its viewing quality. For
example, a half-wave plate 130 can be disposed between the
upper polarizer 120 and the upper electrode 150 to improve
the reflective color quality, as shown in FIGS. 9A and 9B.
Furthermore, a modulation plate 230, such as a uniaxial film,
a biaxial film and an LC film (a color compensator optical
sheet consisting of a liquid crystalline polymer), can be
disposed between the lower polarizer 122 and the lower
electrode 170 to improve the contrast in the transmission
area, as shown in FIG. 10.

[0039] Tt should be appreciated by persons skilled in the
art that the embodiments as shown in FIGS. 8A to 8C are
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only a few exemplary techniques to achieve a “shielded”
reflective electrode in order to reduce the voltage potential
applied across the liquid crystal layer in the reflection area.
For example, it is also possible to use capacitors to achieve
the same effect.

[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 single-gap transflective liquid crystal display oper-
able in a first operating state and in a second operating state,
comprising:

a first side;
an opposing second side;
a polarizer disposed on the first side;

a liquid crystal layer disposed between the first and
second sides, the liquid crystal layer associated with a
plurality of pixels, each pixel having a transmissive
area and a reflection area, wherein light encountering
the transmission area enters the liquid crystal layer
from the second side and leaves the liquid crystal layer
from the first side; and light encountering the reflection
area enters the liquid crystal layer from the first side
and leaves the liquid crystal layer from the first side
after traversing the liquid crystal layer; and

a plurality of electrodes for applying a first voltage
potential across the liquid crystal layer in the trans-
misssive area and applying a second voltage potential
across the liquid crystal layer in the reflection area,
wherein the first and second voltage potentials are
caused to change between the first and second operat-
ing states, and wherein a change in the second voltage
potential is smaller than a change in a first voltage
potential, such that

when the liquid crystal display is operated in the first
operating state, said light encountering the transmission
area is linearly polarized along different polarization
axes between entering and leaving the liquid crystal
layer, and said light encountering the reflection area is
linearly polarized along same polarization axis when
entering and leaving the liquid crystal layer, and

when the liquid crystal display is operated in the second
operating state, said light encountering the transmission
area is linearly polarized along same polarization axis
when entering and leaving the liquid crystal layer, and
said light encountering the reflection area is linearly
polarized along different polarization axes between
entering and leaving the liquid crystal layer.
2. The transflective liquid crystal display of claim 1,
wherein the polarizer having a first polarization axis,
wherein

when the liquid crystal display is operated in the first
operating state, said light encountering the transmission
area is linearly polarized along a second polarization
axis different from the first polarization axis when
entering the liquid crystal layer and is linearly polarized
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in the first polarization axis when leaving the liquid
crystal layer, and said light encountering the reflection
area is linearly polarized along the first polarization
axis when entering and leaving the liquid crystal layer,
and

when the liquid crystal display is operated in the second
operating state, said light encountering the transmission
area is linearly polarized along the second polarization
axis when entering and leaving the liquid crystal layer,
and said light encountering the reflection area is lin-
early polarized along the first polarization axis when
entering the liquid crystal layer and is linearly polarized
along the second polarization when leaving the liquid
crystal layer.

3. The transflective liquid crystal display of claim 2,
further comprising a further polarizer disposed on the sec-
ond side, the further polarizer having the second polarization
axis.

4. The transflective liquid crystal display of claim 1,
further comprising a half-wave plate disposed between the
polarizer and the liquid crystal layer, the polarizer having a
second polarization axis, wherein

when the liquid crystal display is operated in the first
operating state, said light encountering the transmission
area is linearly polarized along the second polarization
axis when entering the liquid crystal layer and is
linearly polarized in a first polarization axis different
from the second polarization axis when leaving the
liquid crystal layer, and said light encountering the
reflection area is linearly polarized along the first
polarization axis when entering and leaving the liquid
crystal layer, and

when the liquid crystal display is operated in the second
operating state, said light encountering the transmission
area is linearly polarized along the second polarization
axis when entering and leaving the liquid crystal layer,
and said light encountering the reflection area is lin-
early polarized along the first polarization axis when
entering the liquid crystal layer and is linearly polarized
along the second polarization axis when leaving the
liquid crystal layer.

5. The transflective liquid crystal display of claim 4,
further comprising a further polarizer disposed on the sec-
ond side, the further polarizer having the second polarization
axis.

6. The transflective liquid crystal display of claim 3,
further comprising a modulation plate disposed between the
further polarizer and the liquid crystal layer.

7. A pixel structure in a transflective liquid crystal display
operable in a first operating state and a second operating
state, the liquid crystal display having:

a first side;
a second side;

a liquid crystal layer disposed between the first and
second side associated with a plurality of pixels, each
pixel having a transmission area and a reflection area

a first polarizer disposed on the first side; and
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a second polarizer disposed on the second side so that
light encountering the transmission area and the reflec-
tion area is linearly polarized when entering and leav-
ing the liquid crystal layer; said pixel structure com-
prising:

a first electrode segment and a transmissive electrode in
the transmission area for applying a first voltage poten-
tial across the liquid crystal layer in the transmissive
area, the first electrode segment disposed on the first
side and the transmissive electrode disposed on the
second side, wherein the first voltage potential is
caused to change between the first and second operat-
ing states;

a second electrode segment and a reflective electrode in
the reflection area for applying a second voltage poten-
tial across the liquid crystal layer in the reflective area,
the second electrode segment disposed on the first side
and the reflective electrode disposed on the second
side, wherein the second voltage potential is caused to
change between the first and second operating states;
and

a voltage sharing mechanism electrically connected to at
least some of the first electrode, the second electrode,
the transmissive electrode and the reflective electrode
such that a change in the first voltage potential between
the first and second operating states is greater than a
change in the second voltage potential between the first
and second operating states.

8. The pixel structure of claim 7, wherein said change in
the first voltage potential is substantially equal to two times
said change in the second voltage potential.

9. The pixel structure of claim 7, wherein the first and
second electrodes are electrically connected to a common
voltage source, the transmissive electrode is electrically
connected to a first voltage source having a first voltage
value relative to the common voltage source, and the reflec-
tive electrode is electrically connected to a second voltage
source having a second voltage value relative to the common
voltage source, and wherein the first voltage value is sub-
stantially equal to two times the second voltage value when
the liquid crystal display is operated in the second operating
state.

10. The pixel structure of claim 7, wherein the first and
second electrodes are electrically connected to a first voltage
source, the transmissive electrode is electrically connected
to a second voltage source for achieving the first voltage
potential, and the reflective electrode is also electrically
connected to the second voltage source for achieving the
second voltage potential, said pixel structure further com-
prising:

a dielectric layer disposed between the reflective electrode
and the liquid crystal layer in the reflection area such
that the second voltage potential is substantially equal
to half of the first voltage potential when the liquid
crystal display is operated in the second operating state.

11. The pixel structure of claim 7, wherein the first and
second electrodes are electrically connected to a first voltage
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source, the transmissive electrode is electrically connected
to a second voltage source for achieving the first voltage
potential, and the reflective electrode is also electrically
connected to the second voltage source for achieving the
second voltage potential, said pixel structure further com-
prising:

a dielectric layer disposed between the second electrode
and the liquid crystal layer in the reflection area such
that the second voltage potential is substantially equal
to half of the first voltage potential when the liquid
crystal display is operated in the second operating state.
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12. The pixel structure of claim 7, wherein the liquid
crystal layer in the transmission area has a first thickness and
the liquid crystal layer in the reflection area has a second
thickness substantially equal to the first thickness.

13. The pixel structure of claim 7, wherein the liquid
crystal layer in the transmission area has a first thickness and
the liquid crystal layer in the reflection area has a second
thickness substantially equal to one half of the first thick-
ness.
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