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7) ABSTRACT

A reflective liquid crystal display (LCD) includes an LCD
panel having an upper electrode layer and a lower electrode
layer and a plurality of color filters, including a red color
filter, a green color filter and a blue color filter, to selectively
filter white light; and a driver for driving the upper and lower
electrode layers of the LCD panel to interpose non-display
periods between display periods for displaying a desired
color by mixing a combination of red light, green light and
blue light, wherein during the non-display periods, the driver
drives the upper and lower electrode layers to display white
light, which includes all of the red, green and blue light, and
none of the red, green and blue light at different, distinct
time periods. The LCD according to the present invention is
able to adjust the luminance of the display according to
circumstances.
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REFLECTIVE LIQUID CRYSTAL DISPLAY AND
DRIVING METHOD THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal
display (LCD) and a driving method thereof. More particu-
larly, the present invention relates to a reflective LCD and a
driving method thereof that improves the luminance of the
display by scanning a panel with white light at a predeter-
mined time interval.

[0003] 2. Background of the Related Art

[0004] Generally, a liquid crystal display (LCD) may be
classified as either a transmissive LCD or a reflective LCD.

[0005] A transmissive LCD transmits a light emitted from
a light source through an ITO (“Indium Tin Oxide™) trans-
parent electrode panel having high transmittance to display
an image. On the contrary, a reflective LCD does not have
a separate light source, instead it uses natural light to display
an image on a panel. It may be possible to use a metal having
a high reflectance, such as aluminum, as a common elec-
trode instead of a transparent electrode. Since a reflective
LCD does not require a separate light source, it has advan-
tages of low power consumption, compact size, and light-
weight capability.

[0006] The reflective LCD, however, has a disadvantage
in that it is not capable of displaying an image on the panel
in a low light level environment. This is because light
incident on the LCD is filtered through a color filter and only
a part of the incident light is reflected, thereby decreasing the
luminance.

[0007] More particularly, red light, green light and blue
light, which are filtered through respective color filters for a
predetermined period of time “t,” are mixed together to
display a desired color. Each of the red, green and blue light
is only a part of the incident white light as shown in FIG.
1, and thus the luminance thereof is low. To minimize this
low luminance problem, a conventional reflective LCD
adjusts a transmittance spectrum of color filters. However,
this adjustment causes another problem, i.e., the color purity
of an image is lowered.

SUMMARY OF THE INVENTION

[0008] A feature of an embodiment of the present inven-
tion is to solve at least the above problems, minimize the
above-described disadvantages and to provide at least the
advantages described hereinafter.

[0009] Accordingly, it is a feature of an embodiment of the
present invention to provide a reflective LCD and a driving
method thereof which do not require a specific design for
regulating a transmittance spectrum of a color filter. Fur-
thermore, it provides a capability of adjusting the luminance
of an image.

[0010] The foregoing and other features and advantages
are provided by a liquid crystal display (LCD), including an
LCD panel having an upper electrode layer and a lower
electrode layer and a plurality of color filters, including a red
color filter, a green color filter and a blue color filter, to
selectively filter white light; and a driver for driving the
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upper and lower electrode layers of the LCD panel to
interpose non-display periods between display periods for
displaying a desired color by mixing a combination of red
light, green light and blue light, wherein during non-display
periods, the driver drives the upper and lower electrode
layers to display white light, which includes all of the red,
green and blue light.

[0011] According to another aspect of the invention, there
is provided a method for driving an LCD including a driver
and an LCD panel having an upper electrode layer and a
lower electrode layer and a plurality of color filters, includ-
ing a red color filter, a green color filter and a blue color
filter, to selectively filter white light, including driving the
upper and a lower electrode layers of the LCD panel by the
driver to interpose non-display periods between display
periods for displaying a desired color by mixing a combi-
nation of red light, green light and blue light, wherein during
non-display periods, the driver drives the upper and lower
electrode layers to display white light, which includes all of
the red, green and blue light.

[0012] Preferably, during non-display periods, the driver
drives the upper and lower electrode layers to display white
light, which includes all of the red, green and blue light, and
none of the red, green and blue light at different, distinct
time periods.

[0013] The plurality of color filters may be either trans-
missive color filters attached to an upper portion of the LCD
panel or reflective color filters attached to a lower portion of
the LCD panel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The above and other features and advantages of the
present invention will become more apparent to those of
ordinary skill in the art by describing in detail a preferred
embodiment thereof with reference to the attached drawings
in which:

[0015] FIG. 1 is a graph illustrating a display method of
a conventional LCD;

[0016] FIG. 2 illustrates a sectional view showing a
reflective LCD including a reflective color filter according to
a preferred embodiment of the present invention;

[0017] FIG. 3 illustrates a schematic view for showing a
part of an LCD panel to illustrate a driving method of the
reflective LCD of FIG. 2;

[0018] FIGS. 4 and 5 are graphs to illustrate a display
method of the reflective LCD of FIG. 2; and

[0019] FIG. 6 illustrates a sectional view showing a
reflective LCD including a transmissive color filter accord-
ing to an alternate embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0020] Korean Patent Application No. 2002-43413, filed
on Jul. 23, 2002, and entitled: “Reflective Liquid Crystal
Display and Driving Method Thereof” is incorporated by
reference herein in its entirety.

[0021] The present invention will now be described more
fully hereinafter with reference to the accompanying draw-
ings, in which a preferred embodiment of the invention is
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shown. The invention may, however, be embodied in dif-
ferent forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention
to those skilled in the art. Like numbers refer to like
elements throughout.

[0022] FIG. 2 illustrates a sectional view showing a
reflective LCD including reflective color filters according to
a preferred embodiment of the present invention.

[0023] As shown in FIG. 2, a reflective LCD 200 includes
an L.CD panel 210, a driver 220, and a reflective color filter
230.

[0024] The LCD panel 210 includes a lower substrate 211,
a lower electrode layer 212, a lower orientation-film 213, a
liquid crystal layer 214, an upper orientation-film 215, an
upper electrode layer 216, an upper substrate 217, a sealing
member 218, and a plurality of spacers 219.

[0025] The lower and upper substrates 211 and 217 are
preferably made of transparent materials, such as a glass or
transparent synthetic resin.

[0026] The lower and upper electrode layers 212 and 216
are preferably made of well known transparent conductive
materials, for example, an ITO (“Indium Tin Oxide™) trans-
parent electrode material. On the lower and upper electrode
layers 212 and 216, which are arranged in an orthogonal
direction with respect to one another, there are formed a
plurality of electrodes at each overlapping point of the lower
and upper electrode layers 212 and 216. The overlapping
points correspond to pixels of each color.

[0027] The liquid crystal layer 214 is preferably filled with
a liquid crystal material.

[0028] The lower and upper orientation-films 213 and 215
are preferably made of various known orientation materials,
such as polyimide, polyvinyl alcohol, nylon, polyvinyl
acetates and the like. The lower and upper orientation-films
213 and 215 are rubbing processed at a predetermined angle
using a rubbing material, such as a cloth.

[0029] The sealing member 218 prevents the liquid crystal
from leaking out.

[0030] The plurality of spacers 219 are disposed to main-
tain a uniform gap in the liquid crystal layer 214.

[0031] FIG. 3 illustrates a schematic view for showing a
part of an LCD panel to illustrate a driving method of the
reflective LCD of FIG. 2.

[0032] Referring to FIG. 3, the driver 220 includes a
lower electrode layer driver 222, an upper electrode layer
driver 224 and a controller 226.

[0033] The driver 220 drives the lower and upper elec-
trode layers 212 and 216 of the LCD panel 210 to display
data according to each of red, green and blue light.

[0034] The lower electrode layer driver 222 is electrically
connected to the lower electrode layer 212. The upper
electrode layer driver 224 is electrically connected to the
upper electrode layer 216.

[0035] The controller 226 controls the lower and upper
electrode layer drivers 222 and 224 according to display
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data. More particularly, the controller 226 controls the lower
and upper electrode layer drivers 222 and 224 to interpose
non-display periods between display periods for displaying
a desired color by mixing a combination of red, green and
blue light. During the non-display periods, all of the red,
green and blue light, i.e., white light, and none of the red,
green and blue light are displayed at different, distinct time
periods.

[0036] The reflective color filter 230 includes a plurality of
red color filters, green filters, and blue color filters, 230R,
230G and 230B, respectively. The locations of the plurality
of color filters 230R, 230G and 230B correspond to the
positions of color pixels. The positions of the color pixels

correspond to points where the lower and upper electrode
layers 212 and 216 overlap.

[0037] The color filters 230R, 230G and 230B of the
reflective color filter 230 may be made of photonic crystals,
which are alternate arrays of dielectrics. The color filters
230R, 230G and 230B may also be made of dielectrics
having different indices of refraction.

[0038] FIGS. 4 and 5 are graphs to illustrate a display
method of the reflective LCD of FIG. 2. Referring to FIG.
4, a horizontal axis represents time in which a red, a green
and a blue light are displayed driven by the driver 220. Time
“to” represents a display period in which the red, green and
blue light are mixed to display desired color data. A non-
display period includes “t,,” and “t_g.” Time “ty;,” represents
a part of the non-display period in which all of the color light
are mixed to display white light. Time “t_g” represents the
other part of the non-display period in which none of the
colors of light are displayed. During time period “t 5" a reset
step of discharging electric charges accumulated at the LCD
panel 210 during time periods . or ty, is performed.

[0039] Preferably, “ty,” is adapted to be shorter than “t..”
Preferably, “t.g" is adjusted in accordance with “t.,” and
“t,z may be equal to, or different from, “t..”

[0040] Referring to FIG. 5, one frame is formed as the
light is, under the control of the driver 220, incident on and
reflected from the reflective color filter 230 in the order of
initially white light and then a desired color mixture of the
red, green and blue light.

[0041] FIG. 6 illustrates a sectional view showing a
reflective LCD including a transmissive color filter accord-
ing to an alternate embodiment of the present invention.

[0042] Referring to FIG. 6, the reflective LCD 600
includes a transmissive color filter 610, a LCD panel 620, a
driver 630 and a reflecting plate 640.

[0043] The transmissive color filter 610 includes color
filter cells (not shown) corresponding to positions of respec-
tive color pixels. The positions of color pixels are points
where a lower electrode layer 622 and an upper electrode
layer 626, which will be described later, overlap. In order to
display an image having a clear resolution, a light transmit-
tance of the transmissive color filter 610 is a very important
factor.

[0044] The LCD panel 620 includes a lower substrate 621,
a lower electrode layer 622, a lower orientation-film 623, a
liquid crystal layer 624, an upper orientation-film 626, an
upper electrode layer 626, an upper substrate 627, a sealing
member 628, and a plurality of spacers 629.
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[0045] The structures and functions of the LCD panel 620
and the driver 630 are sufficiently similar to the LCD panel
210 and the driver 220 of FIG. 2 so that a detailed descrip-
tion thereof will not be repeated.

[0046] Referring to FIGS. 5 and 6, the driver 630 drives
the lower and upper electrode layer drivers 622 and 626 to
interpose non-display periods (“1,5” and “t,”) between data
display periods “t.” for displaying a desired color by mixing
red, green and blue light. The non-display period includes
“tw", during which time period all of the red, green and blue
light, i.e. white light, is displayed and “t_g”, during which
time period none of the red, green and blue light are
displayed.

[0047] The reflecting plate 640 reflects the incident white,
red, green and blue light from the lower and upper electrode
layers 622 and 626 driven by the driver 630. Referring to
FIG. 5, one frame is formed as the light is incident on and
reflected from the reflective plate 640 in the order of white
light, and then, a mixture of the red, green and blue light.

[0048] The reflective LCDs 200 and 600 in accordance
with the embodiments of the present invention are able to
adjust the luminance and overall amount of light under the
control of the drivers 220 and 630.

[0049] In detail, the drivers 220 and 630 control the
periods of data display time of the data display regions,
which are the overlapping points of the lower and upper
electrode layers 212 and 216, to adjust the luminance of the
pixels. The luminance of the pixels is determined by the ratio
of data display period “t.” displaying a desired color by
mixing the respective red, green and blue light and non-
display periods “t g displaying none of the light. The
drivers 220 and 630 control the periods of displaying the
white light “t)” to regulate the brightness of the whole
image, or amount of light.

[0050] A reflective LCD and the driving method thereof
according to an embodiment of the present invention inter-
poses periods of displaying white light between the periods
of displaying the desired color by mixing the red, green and
blue light to obtain a desired luminance without a special
design of the transmittance spectrum of the color filter.
Further, a reflective LCD according to an embodiment of the
present invention is able to adjust the luminance according
to circumstances.

[0051] Preferred embodiments of the present invention
have been disclosed herein and, although specific terms are
employed, they are used and are to be interpreted in a
generic and descriptive sense only and not for purpose of
limitation. Accordingly, it will be understood by those of
ordinary skill in the art that various changes in form and
details may be made without departing from the spirit and
scope of the present invention as set forth in the following
claims.

What is claimed is:
1. A liquid crystal display (LCD), comprising:

an LCD panel having an upper electrode layer and a lower
electrode layer and a plurality of color filters, including
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a red color filter, a green color filter and a blue color
filter, to selectively filter white light; and

a driver for driving the upper and lower electrode layers
of the LCD panel to interpose non-display periods
between display periods for displaying a desired color
by mixing a combination of red light, green light and
blue light, wherein during non-display periods, the
driver drives the upper and lower electrode layers to
display white light, which includes all of the red, green
and blue light.

2. The LCD according to claim 1, wherein during non-
display periods, the driver drives the upper and lower
electrode layers to display white light, which includes all of
the red, green and blue light, and none of the red, green and
blue light at different, distinct time periods.

3. The LCD according to claim 1, wherein the plurality of
color filters are transmissive color filters attached to an
upper portion of the LCD panel.

4. The LCD according to claim 3, further comprising a
reflecting plate.

5. The LCD according to claim 1, wherein the plurality of
color filters are reflective color filters attached to a lower
portion of the LCD panel.

6. The LCD according to claim 5, wherein the red color
filter, the green color filter, and the blue color filter of the
reflective color filter are made of photonic crystals, which
are alternate arrays of dielectrics.

7. The LCD according to claim 5, wherein the red color
filter, the green color filter, and the blue color filter of the
reflective color filter are made of dielectrics having different
indices of refraction.

8. A method for driving a liquid crystal display (LCD)
including a driver and an LCD panel having an upper
electrode layer and a lower electrode layer and a plurality of
color filters, including a red color filter, a green color filter
and a blue color filter, to selectively filter white light,
comprising;

driving the upper electrode layer and the lower electrode
layer of the LCD panel by the driver to interpose
non-display periods between display periods for dis-
playing a desired color by mixing a combination of red
light, green light and blue light, wherein during non-
display periods, the driver drives the upper and lower
electrode layers to display white light, which includes
all of the red, green and blue light.

9. The method according to claim &, further comprising:

displaying white light, which includes all of the red, green
and blue light, and none of the red, green and blue light
at different, distinct time periods during the non-display
periods.

10. The method according to claim 8, wherein the plu-
rality of color filters are transmissive color filters attached to
an upper portion of the LCD panel.

11. The method according to claim 8, wherein the plural-
ity of color filters are reflective color filters attached to a
lower portion of the LCD panel.
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