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7) ABSTRACT

A gray scale voltage generator and a method of generating
a gray scale voltage in a transmissive and reflective type
liquid crystal display device are disclosed. A transmissive
mode gray scale data are transformed into real reflective
mode gray scale data. An integer part is extracted from the
real reflective mode gray scale data as a first reflective mode
gray scale data. The first reflective mode gray scale data and
temporary reflective mode gray scale data are mixed in a
predetermined ratio by N-frame period. The temporary
reflective mode gray scale data has a sum of one and the first
reflective mode gray scale data. Pseudo gray scale data are

(21) Appl. No.: 10/434,645 inserted into the second reflective mode gray scale data.
Therefore, superior display quality is provided in both
(22) Filed: May 9, 2003 transmissive and reflective mode.
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GRAY SCALE VOLTAGE GENERATOR, METHOD
OF GENERATING GRAY SCALE VOLTAGE AND
TRANSMISSIVE AND REFLECTIVE TYPE LIQUID
CRYSTAL DISPLAY DEVICE USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application relies for priority upon Korean
Patent Applications No. 2002-25539 filed on May 9, 2002
and P2003-16992 filed on Mar. 19, 2003, the contents of
which are herein incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The disclosure relates to a gray scale voltage
generator, a method of generating a gray scale voltage and
a transmissive and reflective type liquid crystal display
device using the same.

[0004] 2. Description of the Related Art

[0005] The liquid crystal display (LCD) device includes a
lower substrate (or thin film transistor substrate), an upper
substrate (color filter substrate) and a liquid crystal layer
interposed between the lower and upper substrates. A com-
mon electrode and color filters are formed on the upper
substrate. Thin film transistors and pixel electrodes are
formed on the lower substrate. A voltage is applied to the
lower and upper substrates, an electric field is formed
between the lower and upper substrates, the alignment angle
of liquid crystal molecules is changed, the transmissivity of
the liquid crystal layer is regulated, and thus an image is
displayed.

[0006] The liquid crystal display device is divided into a
transmissive type liquid crystal display device and a reflec-
tive liquid crystal display device whether or not the liquid
crystal display device employs a light source such as a
backlight. A transmissive-and-reflective type liquid crystal
display device is operated both in a transmissive mode and
in a reflective mode.

[0007] Since optical characteristic of the conventional
transmissive-and-reflective type liquid crystal display
device vary according to the transmissive or reflective
modes, when the conventional transmissive-and-reflective
type liquid crystal display device has a superior optical
characteristics in a transmissive mode, the conventional
transmissive-and-reflective type liquid crystal display
device has a inferior optical characteristics in a reflective
mode, and vice versa.

[0008] When the cell gap of the liquid crystal layer and the
twist angle of the liquid crystal molecules is fixed so as to
provide an optimized transmissivity and contrast ratio in the
transmissive mode, the liquid crystal display device pro-
vides an inferior reflectivity and contrast ratio in the reflec-
tive mode such that the liquid crystal display device may not
provide a satisfactory display quality.

[0009] In addition, the voltage-transmissivity (V-T) curve
and voltage-reflectivity (V-R) curve depending on voltage
shows different characteristics according to the mode such
as transmissive mode or the reflectivity mode. Accordingly,
when the liquid crystal display device employs a same gray
scale voltage generating circuit both in the reflective mode

Nov. 13,2003

and in the transmissive mode, the display quality of the
liquid crystal display device may be deteriorated.

SUMMARY OF THE INVENTION

[0010] Accordingly, the present invention is provided to
substantially obviate one or more problems due to limita-
tions and disadvantages of the related art.

[0011] It is one aspect of the present invention to provide
a method of generating a gray scale voltage in which
transmissive mode gray scale data are transformed into
reflective mode gray scale data based on the difference
between the luminance characteristic depending on the
voltage applied to the liquid crystal layer in the transmissive
mode and the luminance characteristic in the reflective
mode.

[0012] It is another aspect of the present invention to
provide a gray scale generator in which transmissive mode
gray scale data are transformed into reflective mode gray
scale data based on the difference between the luminance
characteristic depending on the voltage applied to the liquid
crystal layer in the transmissive mode and the luminance
characteristic in the reflective mode.

[0013] It is further another aspect of the present invention
to provide a gray scale generator for generating different
gray scale voltages depending on the transmissive mode or
the reflective mode.

[0014] It is still another aspect of the present invention to
provide a liquid crystal display device having a gray scale
generator in which transmissive mode gray scale data are
transformed into reflective mode gray scale data based on
the difference between the luminance characteristic depend-
ing on the voltage applied to the liquid crystal layer in the
transmissive mode and the luminance characteristic in the
reflective mode.

[0015] It is still another aspect of the present invention to
provide a liquid crystal display device having a gray scale
generator for generating different gray scale voltages
depending on the transmissive mode or the reflective mode.

[0016] It is still another aspect of the present invention to
provide a liquid crystal display device having superior
display characteristics in both transmissive and reflective
modes.

[0017] In one aspect of the present invention, there is
provided a method of providing a transmissive-and-reflec-
tive type liquid crystal display device with a gray scale
voltage. Real reflective mode gray scale data corresponding
to a first effective range of a reflective mode gray scale
voltage are produced using a relation between a second
effective range of a transmissive mode gray scale voltage
and the transmissive mode gray scale data. An integer part
are extracted from the real reflective mode gray scale data so
as to produce first reflective mode gray scale data. The first
reflective mode gray scale data and temporary reflective
mode gray scale data are mixed in a predetermined ratio by
N-frame period so as to produce second reflective mode gray
scale data. The temporary reflective mode gray scale data
has a sum of a first integer and the first reflective mode gray
scale data. Pseudo gray scale data are inserted into the
second reflective mode gray scale data so as to produce a
third reflective mode gray scale data. A first number of the
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pseudo gray scale data are difference between a second
number of a transmissive mode gray scale level and a third
number of a reflective mode gray scale level. A transmissive
mode gray scale voltage corresponding to the transmissive
mode gray scale data are provided to the transmissive and
reflective type liquid crystal display device when the trans-
missive and reflective type liquid crystal display device
operates in a transmissive mode. A reflective mode gray
scale voltage corresponding to the third reflective mode gray
scale data are provided to the transmissive and reflective
type liquid crystal display device when the transmissive and
reflective type liquid crystal display device operates in a
reflective mode.

[0018] In another aspect of the present invention, there is
provided a gray scale voltage generator for providing a gray
scale voltage to a transmissive and reflective type liquid
crystal display device. The gray scale voltage generator
includes a first reflective mode, gray scale data generating
means, a frame counter, a second reflective mode gray scale
data generating means, a third reflective mode gray scale
data generating means, a mode judging means and a select-
ing means. The first reflective mode gray scale data gener-
ating means receives transmissive mode gray scale data,
produces real reflective mode gray scale data corresponding
to a first effective range of a reflective mode gray scale
voltage using a relation between a second effective range of
a transmissive mode gray scale voltage and the transmissive
mode gray scale data, extracts an integer part from the real
reflective mode gray scale data to produce first reflective
mode gray scale data, and generates a control datum corre-
sponding to a first figure below a decimal-point of each of
the real reflective mode gray scale data. The frame counter
receives a frame synchronization signal indicating a begin-
ning of each of the N frames and counts the frame synchro-
nization signal to produce a frame count value. The second
reflective mode gray scale data generating means mixes the
first reflective mode gray scale data and temporary reflective
mode gray scale data in a predetermined ratio by N-frame
period to produce second reflective mode gray scale data.
The temporary reflective mode gray scale data has a sum of
a first integer and the first reflective mode gray scale data.
The third reflective mode gray scale data generating means
inserts pseudo gray scale data into the second reflective
mode gray scale data to produce a third reflective mode gray
scale data. A first number of the pseudo gray scale data is a
difference between a second number of a transmissive mode
gray scale level and a third number of a reflective mode gray
scale level. The mode judging means determines one of a
transmissive mode or a reflective mode to output a mode
determining signal. The selecting means provides the trans-
missive and reflective type liquid crystal display device with
a transmissive mode gray scale data corresponding to the
transmissive mode gray scale data when the mode deter-
mining signal represents the transmissive mode, and pro-
vides the transmissive and reflective type liquid crystal
display device with a reflective mode gray scale data cor-
responding to the third reflective mode gray scale data when
the mode determining signal represents the reflective mode.

[0019] In still another aspect of the present invention,
there is provided a gray scale voltage generator for provid-
ing a gray scale voltage to a transmissive and reflective type
liquid crystal display device. The liquid crystal display
device includes a data driver for applying the gray scale
voltage to pixels and a gate driver for controlling switching
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devices of the pixels and a light source, the gray scale
voltage generator includes a controller, a gamma reference
voltage generator and a common voltage generator. The
controller provides the liquid crystal display device with a
transmissive mode gray scale data when the light source is
turned on, and provides the liquid crystal display device with
a reflective mode gray scale data when the light source is
turned off. The gamma reference voltage generator generates
a gamma reference voltage based on the transmissive mode
gray scale data and the reflective mode gray scale data to
output the gamma reference voltage to the data driver. The
common voltage generator generates a common voltage to
output the common voltage to a common line connected to
the pixels.

[0020] In still another aspect of the present invention,
there is provided a gray scale voltage generator for provid-
ing a gray scale voltage to a transmissive and reflective type
liquid crystal display device. The liquid crystal display
device includes a data driver for applying the gray scale
voltage to pixels and a gate driver for controlling switching
devices of the pixels and a light source. The gray scale
voltage generator includes a controller, a gamma reference
voltage generator and a common voltage generator. The
controller provides the liquid crystal display device with a
transmissive mode selecting signal when the light source is
turned on, and provides the liquid crystal display device with
a reflective mode selecting signal when the light source is
turned off. The gamma reference voltage generator generates
a transmissive mode gamma reference voltage and a reflec-
tive mode gamma reference voltage based on the transmis-
sive mode selecting signal and the reflective mode selecting
signal, respectively, to the data driver. The common voltage
generator generates a common voltage to output the com-
mon voltage in response to the transmissive and reflective
mode selecting signals to a common line connected to the
pixels. The common voltage has a transmissive mode com-
mon voltage corresponding to a transmissive mode and a
reflective mode common voltage corresponding to a reflec-
tive mode.

[0021] In still another aspect of the present invention,
there is provided a liquid crystal display device including a
first insulation substrate, first and second wirings, a trans-
parent electrode, a reflective electrode, a first thin film
transistor substrate, a second insulation substrate, a common
electrode and a liquid crystal layer. The first wiring is formed
on the first insulation substrate and extended in a first
direction. The second wiring is formed on the first insulation
substrate and extended in a second direction to be insulated
from the first wiring. The second direction is substantially
perpendicular to the first direction. The transparent electrode
is formed in at least one pixel region, and the pixel region
is defined by the first and second wiring. The reflective
electrode is disposed in the at least one pixel region and
having an opening. The first thin film transistor substrate is
connected to the first wiring, the second wiring, the trans-
parent electrode and the reflective electrode. The second
insulation substrate faces the first insulation substrate, and
the common electrode is formed on the second insulation
substrate. The liquid crystal layer is interposed between the
first and second insulation substrate. The major axis of each
of liquid crystal molecules of the liquid crystal layer may be
twisted in a predetermined angle with respect to the first
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insulation substrate toward the second insulation substrate,
and the predetermined angle may be in a range from about
0° to about 50°.

[0022] In addition, the major axis of each of liquid crystal
molecules of the liquid crystal layer may be twisted in a
substantially perpendicular to the first and second insulation
substrates. The liquid crystal layer may be comprised of a
chiral dopant so that the ratio of a cell gap to a pitch of the
liquid crystal layer may be in a range from about O to about
0.15.

[0023] As mentioned above, the transmissive and reflec-
tive type liquid crystal display device includes the liquid
crystal layer that has predetermined twist angle, predeter-
mined amount of chiral dopant and predetermined cell gap,
to thereby provide superior display quality in both transmis-
sive and reflective mode.

[0024] In addition, according to the gray scale generator
and method of generating a gray scale voltage of the present
invention, common voltage and gamma reference voltage
optimized for each of the transmissive mode and reflective
mode are applied to the transmissive and reflective type
liquid crystal display device, to thereby provide superior
display quality in both transmissive and reflective mode.

[0025] In addition, according to the gray scale generator
and method of generating a gray scale voltage of the present
invention, even when a common voltage and a gamma
reference voltage for both transmissive mode and reflective
mode, transmissive mode gray scale data are transformed
into reflective mode gray scale data based on the difference
between the luminance characteristic depending on the
voltage applied to the liquid crystal layer in the transmissive
mode and the luminance characteristic in the reflective
mode, to thereby provide superior display quality in both
transmissive and reflective mode.

[0026] In addition, the common voltage and gamma ref-
erence voltage optimized for each of the transmissive mode,
and reflective mode are applied to the liquid crystal display
device that includes the liquid crystal layer having prede-
termined twist angle, predetermined amount of chiral dopant
and predetermined cell gap of the present invention, to
thereby provide superior display quality in both transmissive
and reflective mode.

[0027] In addition, a common voltage and a gamma ref-
erence voltage for both transmissive mode and reflective
mode are applied to the liquid crystal display device that
includes the liquid crystal layer having predetermined twist
angle, predetermined amount of chiral dopant and predeter-
mined cell gap of the present invention, to thereby provide
superior display quality in both transmissive and reflective
mode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The above and other features and advantages of the
present invention will become more apparent by describing
in detail the preferred embodiments thereof with reference to
the accompanying drawings, in which:

[0029] FIG. 1 is a cross-sectional view showing a liquid
crystal display panel according to a first exemplary embodi-
ment of the present invention;
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[0030] FIG. 2 is a layout showing a thin film transistor
substrate of FIG. 1;

[0031] FIG. 3 is a cross-sectional view cut along a lien
HI-IT' of FIG. 2;

[0032] FIGS. 4A, 4B, 4C, 4D and 4E are graphs showing
V-T curves depending on twist angles and And of liquid
crystal molecules in TN mode according to the first exem-
plary embodiment of the present invention;

[0033] FIGS. 5A, 5B, 5C, 5D and 5E are graphs showing
V-R curves depending on twist angles and And of the liquid
crystal molecules in TN mode according to the first exem-
plary embodiment of the present invention;

[0034] FIG. 6 is a cross-sectional view showing a liquid
crystal display panel according to a second exemplary
embodiment of the present invention;

[0035] FIGS. 7A, 7B, 7C and 7D are graphs showing V-T
curves depending on amount of dopant and And of the liquid
crystal molecules in VA mode according to the second
exemplary embodiment of the present invention;

[0036] FIGS. 8A, 8B, 8C and 8D are graphs showing V-R
curves depending on amount of dopant and And of the liquid
crystal molecules in VA mode according to the second
exemplary embodiment of the present invention;

[0037] FIG. 9 is a graph showing a V-T curve and a V-R
curve depending on applied voltage in VA mode;

[0038] FIG. 10 is a graph showing a V-T curve and a V-R
curve depending on applied voltage in ECB mode;

[0039] FIG. 11 is a graph showing a V-T curve and a V-R
curve depending on applied voltage in transmissive mode
and reflective mode;

[0040] FIG. 12 is a block diagram showing a liquid crystal
display device according to a third exemplary embodiment
of the present invention;

[0041] FIG. 13 is a block diagram showing a liquid crystal
display device according to a fourth exemplary embodiment
of the present invention;

[0042] FIG. 14 is a block diagram showing an example of
a controller of FIG. 13;

[0043] FIG. 15 is a table showing a real reflective mode
gray scale data produced by a first reflective mode gray scale
data generating section;

[0044] FIG. 16 is block diagram showing an example of
a second reflective mode gray scale data generating section
of FIG. 14.

[0045] FIG. 17 is a table showing an output of the
multiplex of FIG. 16 depending values of selecting terminal
of the multiplex;

[0046] FIG. 18 is a schematic view showing the output of
the multiplex of FIG. 17,

[0047] FIG. 19 is block diagram showing an example of
a selecting section of FIG. 14.

[0048] FIG. 20 is a block diagram showing another
example of the controller of FIG. 13;
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[0049] FIG. 21 is a table showing a first reflective mode
gray scale data stored in a first reflective mode gray scale
data storing section;

[0050] FIG. 22 is a flow chart showing a method of
producing gray scale data according to a fifth exemplary
embodiment of the present invention; and

[0051] FIG. 23 is a flow chart showing a method of
producing a reflective mode gray scale data of FIG. 22.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0052] Hereinafter the preferred embodiments of the
present invention will be described in detail with reference
to the accompanying drawings.

[0053] FIG. 1 is a cross-sectional view showing a liquid
crystal display panel according to a first exemplary embodi-
ment of the present invention.

[0054] Referring to FIG. 1, the liquid crystal display
device according to a first exemplary embodiment of the
present invention includes a thin film transistor substrate
100, a color filter substrate 200 facing the thin film transistor
substrate 100, a liquid crystal layer interposed between the
thin film transistor substrate 100 and the color filter substrate
200, lower compensation films 13 and 14 attached to a lower
surface of the thin film transistor substrate, upper compen-
sation films 23 and 24 attached to an upper surface of the
color filter substrate 200, a lower polarizing plate 11 dis-
posed on a lower surface of a second lower compensation
film 14, an upper polarizing plate 21 disposed on a upper
surface of a second upper compensation film 24, and a
backlight assembly 350 disposed below the lower polarizing
plate 11.

[0055] The liquid crystal molecules of the liquid crystal
layer 3 are homogeneously aligned. Namely, the liquid
crystal molecules of the liquid crystal layer 3 are twisted in
predetermined angles with respect to the thin film transistor
substrate 100 toward the color filter substrate 200. The twist
angles of the liquid crystal molecules may be in a range from
about 0° to 50°. The And of the liquid crystal layer may be
in a range from about 0.15 to about 0.35(n:refraction index,
d:cell gap). The liquid crystal layer 3 is sealed by sealant 310
between the thin film transistor substrate 100 and the color
filter substrate 200.

[0056] The polarizing axis of the upper polarizing plate 21
is perpendicular to the polarizing axis of the lower polariz-
ing plate 11. The compensation films 13, 14, 23 and 24 may
use h/4 or h/2 reciprocal dispersion retardation film. The
compensation films 13, 14, 23 and 24 also may be h/4 or 12
normal dispersion retardation film. The lower compensation
film may use only a i./4 retardation film attached to the lower
surface of the thin film transistor substrate 100, and the
upper compensation film may use only a »/4 retardation film
attached to the upper surface of the color filter substrate 200.

[0057] When only 3/4 retardation films are used, the
retardation axis of the retardation film may be arranged to
form an angle of 45° with respect to the polarization axis of
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the polarizing plate. The retardation axis of a TAC film
supporting the polarizing plate may be arranged to form an
angle of about 90° with respect to the polarization axis of the
polarizing plate.

[0058] A transparent electrode and reflection electrode are
formed in each of pixels of the thin film transistor substrate
100. The reflection electrode has an opening for passing
light therethrough. Accordingly, the transmissive and reflec-
tive modes may be provided. A backlight is turned off in a
reflective mode, and the backlight is turned on in a trans-
missive mode. A data driver applies different gray scale
voltages according to a transmissive mode or a reflective
mode when the backlight is turned on or off. Two kinds of
reference gamma resistor arrays may be used so as to apply
different gray scale voltages according to the transmissive
mode or the reflective mode. In addition, the bits for
representing transmissive mode gray scale data may be
different from the bits for representing reflective mode gray
scale data so as to apply different gray scale voltages
according to the transmissive mode or the reflective mode.
The transmissive mode gray scale data having ml bits may
be transformed into the reflective mode gray scale data
having m2 bits. (m1 and m2 are natural numbers, and m2 is
less than m1) by a frame rate control method.

[0059] FIG. 2 is a layout showing a thin film transistor
substrate of FIG. 1, and FIG. 3 is a cross-sectional view cut
along a lien III-III' of FIG. 2.

[0060] A gate wiring is formed on an insulation substrate
110. The gate wiring may have a single layer comprised of
silver (Ag), silver alloy, aluminum (Al), aluminum alloy, or
a multi-layer comprised of silver (Ag), silver alloy, alumi-
num (Al), aluminum alloy. The gate wiring includes a gate
line 121, a gate pad 125 and a gate electrode 123 of a thin
film transistor. The gate line 121 is extended in a first
direction. The gate pad 125 is connected to an end of the gate
line 121, receives an external gate driving signal and applies
the gate driving signal to the gate line 121. The gate
electrode of the thin film transistor is connected to the gate
line 121. When the gate wiring has multi-layer, it is prefer-
able that the gate wiring comprises the material easily
contactable with other material.

[0061] A gate insulation layer 140 comprised of silicon
nitride (SiNx) is formed on the insulation substrate 110 on
which the gate wiring is formed.

[0062] A semiconductor layer 151 comprised of semicon-
ductor material such as amorphous silicon is formed on the
gate insulation layer 140 to be disposed over the gate
electrode 123. An ohmic contact layer 163 and 165 is formed
over the semiconductor layer 151. The ohmic contact layer
163 and 165 comprises silicides or n* doped hydrogenated
amorphous silicon (a-Si:H).

[0063] A data wiring is formed on the ohmic contact layer
163 and 165 and the gate insulation layer 140. The data
wiring comprises a conductive material such as aluminum or
silver. The data wiring includes a data line 171, a source
electrode 173, a data pad 179 and a drain electrode 175. The
data line 171 is extended in a second direction substantially
perpendicular to the first direction. Pixel region is sur-
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rounded by the gate line 121 and the data line 171. The
source electrode 173 is connected to the data line 171 and is
extended onto an upper surface of the ohmic contact layer
163. The data pad 179 is connected to an end of the data line
171 and receives image signal. The drain electrode 175 is
formed on the ohmic contact layer 163 to be opposite to the
source electrode 173.

[0064] A passivation layer 801 is formed over the data
wiring and the semiconductor layer 151. The passivation
layer 801 comprises an inorganic material such as silicon
nitride (SINX) or an organic material such as acrylic mate-
rial. The passivation layer 801 comprises a-Si:C:0 film and
a-Si:O:F film (a low dielectric CVD film).

[0065] The a-Si:C:O film and a-Si:O:F film is deposited by
a plasma enhanced chemical vapor deposition (PECVD) and
have a very low dielectric constant less than about 4.
Accordingly, the passivation layer reduces parasitic capaci-
tance. The a-Si:C:O film and a-Si:O:F film is easily con-
tactable with other layer and has an excellent step coverage.
The a-Si:C:O film and a-Si:O:F film has a superior thermal
endurance to the organic insulation layer since the a-Si:C:O
film and a-Si:O:F film comprises inorganic material. The
a-Si:C:0 film and a-Si:O:F film is deposited or etched away
from about 4 to about 10 times faster than the silicon nitride
film, and the processing time is reduced.

[0066] The passivation layer 801 has contact holes 181
and 183 exposing the drain electrode 175 and the data
pad,179, respectively, and contact hole 182 exposing the
gate pad 125 and gate insulation layer 140.

[0067] A transparent electrode 90 is formed on the passi-
vation layer 801 to be disposed over the pixel. The trans-
parent electrode 90 has a contact hole 181 through which the
transparent electrode 90 is electrically connected to the drain
electrode 175. Asubsidiary gate pad 95 and a subsidiary data
pad 97 are formed on the passivation layer 801. The sub-
sidiary gate pad 95 and subsidiary data pad 97 is electrically
connected to the gate pad 125 and data pad 179 through the
contact holes 182 and 183, respectively.

[0068] The transparent electrode 90, subsidiary gate pad
95 and subsidiary data pad 97 comprises a transparent
material such as indium tin oxide (ITO) or indium zine oxide
(IZO) etc.

[0069] An insulating interlayer 802 is formed on the
transparent electrode 90. The insulating interlayer 802 has a
contact hole 184 exposing a portion of the transparent
electrode 90. The insulating interlayer 802 may have an
embossing pattern so as to enhance the reflectivity of the
reflection layer 80.

[0070] The insulating interlayer 802 comprises an inor-
ganic material such as silicon nitride (SiNx), an organic
material such as acrylic material, a-Si:C:O film, or a-Si:O:F
film (a low dielectric CVD film).

[0071] The reflection layer 80 is formed on the insulating
interlayer 802. The reflection layer 80 has a contact hole 184
through which the reflection layer 80 is electrically con-
nected to the transparent electrode 90. The reflection layer
80 has an opening 82 that serves as a transmissive window
in the transmissive mode. The reflection layer 80 comprises
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a conductive material having a high reflectivity such as
aluminum (Al), aluminum alloy, silver (Ag), silver alloy,
molybdenum, or molybdenum alloy etc. A pixel electrode
includes the reflection layer 80 and the transparent electrode
90. The opening 82 may have various shapes, and a pixel
may have a plurality of openings 82. Even though the
insulating interlayer 802 has the embossing pattern, it is
preferably that the opening 82 may not have embossing
pattern.

[0072] A capacitance exists between the pixel electrode
(80 and 90) and the gate line 121.

[0073] Color filters, black matrix and common electrode
are formed on the color filter substrate 200.

[0074] The twist angles of the liquid crystal molecules are
in a range from about 0° to 50°, and the And of the liquid
crystal layer is in a range from about 0.15 to about 0.35.
Therefore, superior transmissivity, reflectivity and contrast
ratio may be acquired in both transmissive mode and reflec-
tive mode.

[0075] FIGS. 4A, 4B, 4C, 4D and 4E are graphs showing
V-T curves depending on twist angles and And of liquid
crystal molecules in TN mode according to the first exem-
plary embodiment of the present invention. FIGS. 5A, 5B,
5C, 5D and SE are graphs showing V-R curves depending on
twist angles and And of the liquid crystal molecules in TN
mode according to the first exemplary embodiment of the
present invention. FIGS. 4A, 4B, 4C, 4D and 4E show the
case in which the twist angles are 0°, 30°, 50°, 70° and 90°,
and FIGS. SA, SB, SC, 5D and 5E show the case in which
the twist angles are 0°, 30°, 50°, 70° and 90°,

[0076] Referring to tablel, FIGS. 4A, 4B, 4C, 4D, 4E, SA,
5B, 5C, 5D and SE, the less the twist angle is, the less is the
contrast ratio (CR) in both transmissive and reflective
modes, but far larger is the transmissivity in the transmissive
mode.

[0077] Accordingly, it is preferable that the twist angle is
0° in aspect of the transmissivity. When the twist angle is in
a range from about 0° to about 50°, the transmissivity is
maintained more than about 13.9%, and the reflectivity is
maintained more than about 13.1%.

[0078] The smaller the voltage applied to the liquid crystal
layer is, the larger is the transmissivity and the reflectivity in
both transmissive and reflective modes. When the voltage
applied to the liquid crystal layer is less than a predeter-
mined value, the transmissivity and the reflectivity decrease
according as the voltage applied to the liquid crystal layer
decreases. This phenomenon is referred to as “inversion
phenomenon”. However, the voltage where the inversion
phenomenon occurs in the transmissive mode is different
from the voltage where the inversion phenomenon occurs in
the reflective mode. Accordingly, since the range of the
voltage used for representing the gray scale varies depend-
ing on the transmissive and reflective modes, the range of
the voltage is regulated according to the transmissive and
reflective modes. The gray scale voltage applied to the data
line is regulated in response to the turn-on or turn-off of the
backlight according to the transmissive and reflective
modes.
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TABLE 1
TN mode
mode Transmissive reflective

twist voltage voltage Voltage
angle And T (%) CR (volt) CR (volt) R (%) CR (volt)
0 0.18 18.5 501 0.545 131 18:1 1245
(ECB) 0.24 22.5 3511 0.745 13.2 12:1 1.545
0.30 22.7 231 1145 131 8.4:1 1745

0.36 22.8 161 1.34.5 132 591 1.94.5

30 0.18 17.0 581 0541 13.3 22:1 1.045
0.24 20.2 41:1 0.742 13.4 15:1 1.345

0.30 20.3 26:1 1145 13.5 12:1 1.54.5

0.36 20.1 181  1.341 13.7 8.4:1 1.745

50 0.18 13.9 82:1 0542 13.8 28:1 0745
0.24 16.5 571 0745 14.2 23:1 0945

0.30 16.3 371 1145 14.8 21:1 1145

0.36 15.7 251 1345 15.2 17:1 1245

70 0.18 10.4 162:1 0545  72:1 0.5-3.5 9.1 15:1 1.0-35
(TN) 0.24 12.0 120:1  0.745 64:1 0.7-3.5 14.8 30:1 0.7-3.5
0.30 11.3 76:1 1145 39:1 1.1-35 14.9 30:1 09-35

0.36 11.4 741 1145 381 1.1-35 141 26:1 1.1-35

90 0.18 6.8 354:1 0545 3071 0.5-30 10.2 18:1 0.5-3.0
(TN) 0.24 7.4 385:1 0745 2861 0.7-3.0 117 20:1 0.6-3.0
0.30 6.6 334:1 1145 2001 1.1-30 10.9 18:1 0.9-3.0

0.36 5.4 266:1 1245 12611  1.2-30 9.1 15:1 1.0-3.0

(T(%): transmissivity, R(%): reflectivity, CR: contrast ratio)

[0079] FIG. 6 is a cross-sectional view showing a liquid
crystal display panel according to a second exemplary
embodiment of the present invention.

[0080] Referring to FIG. 6, the liquid crystal display
device according to the second exemplary embodiment of
the present invention has the same structure except the
orientation of the liquid crystal molecules. According to the
first exemplary embodiment of the present invention, the
liquid crystal molecules of the liquid crystal layer 3 are
vertically aligned. (VA mode; vertically aligned mode)
Namely, the major axises of the liquid crystal molecules of
the liquid crystal layer 3 are twisted in substantially 90°
angles with respect to the thin film transistor substrate 100
and the color filter substrate 200.

[0081] The liquid crystal layer comprises small amount of
chiral dopant so that the ratio (d/p) of a cell gap (d) to a pitch
(p) of the liquid crystal layer is in a range from about 0 to
about 0.15. When electric field is applied to the liquid crystal
layer, the twist angles of the liquid crystal molecules may be
in a range from about 0° to about 50°. The And of the liquid

crystal layer may be in a range from about 0.15 to about
0.35.

[0082] FIGS. 7A, 7B, 7C and 7D are graphs showing V-T
curves depending on amount of dopant and And of the liquid
crystal molecules in VA mode according to the second
exemplary embodiment of the present invention. FIGS. 8A,
8B, 8C and 8D are graphs showing V-R curves depending on
amount of dopant and And of the liquid crystal molecules in
VA mode according to the second exemplary embodiment of
the present invention. FIGS. 7A, 7B, 7C, 7D, 8A, 8B, 8C
and 8D show the results of table 2. FIGS. 7A, 7B, 7C and

7D represent the case in which the amount of the dopant is
0, 0.05, 0.15,0.25, and FIGS. 8A, 8B, 8C and 8D show the
case in which the amount of the dopant is 0, 0.05, 0.15,0.25.

[0083] Referring to table 2, FIGS. 7A, 7B, 7C, 7D, 8A,
8B, 8C and 8D, the VA mode has superior contrast ratio of
the transmissive mode to that of the twisted nematic (TN)
mode. Accordingly, in the VA mode, the contrast ratio does
not decrease even when the twist angle approaches to 0°.

[0084] As shown in table 2, FIGS. 7A, 7B, 7C, 7D, 8A,
8B, 8C and 8D, according as the amount of the chiral dopant
decreases, the reflectivity very slowly decreases, but the
transmissivity of the transmissive mode abruptly increases.
Therefore, it is preferable that the amount of the chiral
dopant is 0 in aspect of transmissivity.

[0085] The larger the voltage applied to the liquid crystal
layer is, the larger is the transmissivity and the reflectivity in
both transmissive and reflective modes. When the voltage
applied to the liquid crystal layer is more than a predeter-
mined value, the transmissivity and the reflectivity decrease
according as the voltage applied to the liquid crystal layer
increases. This phenomenon is referred to as “inversion
phenomenon”. However, the voltage where the inversion
phenomenon occurs in the transmissive mode is different
from the voltage where the inversion phenomenon occurs in
the reflective mode. Accordingly, since the range of the
voltage representing the gray scale varies depending on the
transmissive and reflective modes, the range of the voltage
is regulated according to the transmissive and reflective
modes. The gray scale voltage applied to the data line is
regulated in response to the turn-on or turn-off of the

backlight according to the transmissive and reflective
modes. (Refer to FIG. 12)
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TABLE 2
VA mode
mode Transmissive type Reflective type
dopant And  Transmiss CR  Voltage Reflectivity (%) CR  Voltage
0 (Rever-  0.18 11.8 622:1 1.845 12.9 2511  1.845
se 0.24 17.4 911:1 1.84.5 13.0 26:1 1.8-3.6
ECB) 0.30 21.2 1100:1 1.845 13.0 26:1 1.8-3.1
0.36 22.4 1160:1 1.84.3 13.0 23:1 1829
0.05 0.18 11.4 599:1 1.84.5 12.9 25:1 1.84.5
0.24 16.8 875:1 1.845 13.0 26:1 1.8-3.6
0.30 20.4 1060:1 1.84.5 13.0 26:1 1.8-3.1
0.36 21.5 1110:1 1.84.1 13.0 23:1 1829
0.15 0.18 9.9 516:1 1.84.5 12.8 25:1 1.84.5
0.24 14.4 746:1  1.84.5 13.1 26:1 1.8-3.7
0.30 17.3 888:1 1.84.4 13.1 26:1 0 1.8-32
0.36 18.8 955:1 1.8-3.8 12.2 24:1 1.8-2.9
0.25 0.18 7.6 365:1 1.8-45 12.2 24:1 1.845
(Re- 0.24 11.0 561:1 1.843 13.5 27:1 1.84.1
verse 0.30 13.6 685:1 1.8-3.8 13.3 261  1.8-35
0.36 15.5 765:1 1.8-3.5 13.2 23:1 1.8-3.0
[0086] Table 3 represents the two examples of the present
invention and the comparative examples.
TABLE 3
transmissive reflective
mode mode
twist voltage T (%) voltage R (%)
LC mode And angle d/p (volt) (C/R) (volt) (C/R)
comparative TN mode 0.24 90° 0.07 0.7/3.0 7.4 0.6/3.0 11.7
example 1 (286) (20)
comparative TN mode 0.24 70° 0.07 0.7/3.5 120 0.7/3.5 1438
example 2 (64) (30)
example 1 VA 0.30 — 0 1.8/45 212 1.8/3.1 13.0
(reverse (1100) (26)
ECB)
mode
example 2 ECB 0.24 0° 0.07 0.7/4.5 225 1.5/45 132
mode (35) 12)
(T(%): transmissivity, R(%): reflectivity)
[0087] Referring to table 3, when the chiral dopant was not [0091] Hereinafter, for example, 64 levels of gray scale (6

added, the VA mode has the most excellent characteristics of
all LC modes.

[0088] FIG. 9 is a graph showing a V-T curve and a V-R
curve depending on applied voltage in VA mode, and FIG.
10 is a graph showing a V-T curve and a V-R curve
depending on applied voltage in ECB mode.

[0089] As shown in FIGS. 9 and 10, since the luminance
curve of the transmissive mode is determined according to
the ratio of the luminance of the transmissive mode to the
luminance of the reflective mode, a standard external light is
need to be determined when the gray scale is measured so as
to determine the gray scale voltage of the transmissive
mode.

[0090] FIG. 11 is a graph showing a V-T curve and a V-R
curve depending on applied voltage in transmissive mode
and reflective mode. An X-axis represents voltage, and a
Y-axis represents reflectivity (%) or transmissivity (%).

bits of gray scale data) are illustrated. However, 128 levels
of gray scale (8 bits of gray scale data) or other levels of gray
scales may be used in the present invention.

[0092] Referring to FIG. 11, the effective range of trans-
missive mode gray scale voltage applied to the liquid crystal
layer is from about 1.5 volts to about 4 volts, or the effective
range of transmissive mode gray scale voltage applied to the
liquid crystal layer may be from about 0 volt to about 4 volts.
The effective range of reflective mode gray scale voltage
applied to the liquid crystal layer is from about 1.5 volts to
about 3 volts, or the effective range of reflective mode gray
scale voltage applied to the liquid crystal layer may be from
about 1.5 volts to about 3 volts.

[0093] Namely, the effective range of the gray scale volt-
age applied to the liquid crystal layer varies according to the
transmissive mode or the reflective mode. The effective
range of the gray scale voltage applied to the liquid crystal
layer may be changed according to the liquid crystal mode
(VA mode, TN mode, etc.), twist angle, And and d/p.
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[0094] Hereinafter, there is disclosed a gray scale voltage
generator and a method of generating the gray scale voltage,
the gray scale voltage generator and a method of generating
the gray scale voltage provides satisfactory display quality
in both transmissive and reflective modes when the effective
range of the gray scale voltage in the transmissive mode is
different from that in the reflective mode.

[0095] FIG. 12is a block diagram showing a liquid crystal
display device according to a third exemplary embodiment
of the present invention.

[0096] Referring to FIG. 12, the liquid crystal display
device includes a liquid crystal display panel 1200, a back-
light assembly 1210, a data driver 1220, a gate driver 1230,
a backlight driver 1214, a controller 1260, a common
voltage generator 1240 and a gamma reference voltage
generator 1250.

[0097] The liquid crystal display panel 1200 includes an
upper substrate (not shown), a lower substrate (not shown)
and a liquid crystal layer (not shown) interposed between the
upper and lower substrates.

[0098] A pixel includes a thin film transistor and a pixel
electrode, and m*n pixels are arranged in a matrix shape on
the lower substrate. R.G.B color filters and common elec-
trode are formed on the upper substrate.

[0099] A common voltage generated from the common
voltage generator 1240 is applied to the common electrode
through the common line 1204. A gamma reference voltage
1256 generated from the gamma reference voltage generator
1250 is applied to the data driver 1220.

[0100] The data driver 1220 generates a gray scale voltage
1256 that corresponds to one of the gamma reference
voltages selected according to digital value of R'.G".B' image
data 1267 outputted from the controller 1260. The data
driver 1220 applies the gray scale voltage to each of the
pixel electrodes through the data line (D1, D2, . . . , Dm;
1202). In other words, the data driver 1220 selects one of n
levels’ —for example, 64 levels or 256 levels—gamma
reference voltages according to the digital value of R"G'.B".
image data 1267, and applies the selected gamma reference
voltages to each of R.G.B. pixels through the data line (D1,
D2, ..., Dm; 1202), so that n¥n*n colors are displayed

[0101] The gate driver 1230 receives a control signal 1264
for controlling the gate driver 1230 and applies gate driving
signals for driving the thin film transistors of the liquid
crystal display panel 1200 to the gate lines (G1, G2, . . .,
GDn).

[0102] The backlight driver 1214 supplies power voltage
to the backlight, and turns on or turns off the back light. For
example, the backlight driver 1214 turns on in the transmis-
sive mode or turns off the back light in the reflective mode.

[0103] The controller 1260 receives image data (or R.G.B.
image data 1206), vertical synchronization signal (Vsync)
and horizontal synchronization signal (Hsync) from an
external graphic controller (not shown) and generates timing
signals for driving the gate driver 1230 and the data driver
1220 and digital R'.G'.B'. data.

[0104] The controller 1260 receives a status signal that
represents the turn-on/off states of the backlight and deter-
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mines the mode, i.e. the transmissive mode or reflective
mode. The status signal is synchronized with the turn-on/off
states of the backlight.

[0105] When the backlight is turned off, the controller
1260 outputs a mode selecting signal 1268 that shows a
reflective mode and selects a reflective mode common
voltage generator 1242 and a reflective mode gamma refer-
ence voltage generator 1252. When the backlight is turned
on, the controller 1260 outputs a mode selecting signal 1268
that shows a transmissive mode and selects a transmissive
mode common voltage generator 1244 and a transmissive
mode gamma reference voltage generator 1254. However,
the controller 1260 may have internal program that operate
independently of the turn-on or turn-off status of the back-
light so as to output a mode selecting signal 1268 that shows
a reflective mode or a transmissive mode.

[0106] The common voltage generator 1240 receives the
mode selecting signal 1268. In case of the reflective mode,
the reflective mode common voltage generator 1242 outputs
a reflective mode common voltage 1246 to the common line
1204. In case of the transmissive mode, the transmissive
mode common voltage generator 1244 outputs a transmis-
sive mode common voltage 1246 to the common line 1204.

[0107] The common voltage generator 1240 may employ
a high voltage driving method and a low voltage driving
method. In the low voltage driving method, the common
voltage repeats (+) and (-) voltage level between a maxi-
mum value of the gray scale voltage and a minimum value
of the gray scale voltage. In the high voltage driving method,
the common voltage has a fixed voltage level. Since the
characteristics of the liquid crystal layer may be deteriorated
when a D.C gray scale voltage is applied to the liquid
crystal, a gray scale voltage that repeats a positive gray scale
voltage or a negative gray scale voltage with respect to the
common voltage may be applied to each of the pixels.

[0108] The gamma reference voltage generator 1250
receives the mode selecting signal 1268. A reflective mode
gamma reference voltage generator 1252 outputs a reflective
mode gamma reference voltage 1256 to the data driver 1220
in the reflective mode. A transmissive mode gamma refer-
ence voltage generator 1254 outputs a transmissive mode
gamma reference voltage 1256 to the data driver 1220 in the
transmissive mode. For example, the gamma reference volt-
age generator 1250 may employ resistor array so as to
generate the gamma reference voltage.

[0109] The common voltage generator 1240 or the gamma
reference voltage generator 1250 may generate a same
common voltage or a same gamma reference voltage in both
reflective and transmissive modes. In other words, the
common voltage generator 1240 may include the reflective
mode common voltage generator 1242 and the transmissive
mode common voltage generator 1244, but the gamma
reference voltage generator 1250 may include only one
gamma reference voltage generator regardless of the trans-
missive or reflective modes. In addition, the common volt-
age generator 1240 may include only one common voltage
generator 1240 regardless of the transmissive or reflective
modes, but the gamma reference voltage generator 1250
may include the reflective mode gamma reference voltage
generator 1252 and the transmissive mode common gamma
reference voltage generator 1254.

[0110] When each of the R. G. B. image data may have
different V-T and V-R curves, the common voltage generator
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1240 and the gamma reference voltage generator 1250 may
generate different common voltages and gamma reference
voltages, respectively, for each of R. G. B. image data.

[0111] FIG. 13 is a block diagram showing a liquid crystal
display device according to a fourth exemplary embodiment
of the present invention, FIG. 14 is a block diagram showing
an example of a controller of FIG. 13, and FIG. 15 is a table
showing a real reflective mode gray scale data produced by
a first reflective mode gray scale data generating section.
FIG. 16 is block diagram showing an example of a second
reflective mode gray scale data generating section of FIG.
14, FIG. 17 is a table showing an output of the multiplex of
FIG. 16 depending values of selecting terminal of the
multiplex, and FIG. 18 is a schematic view showing the
output of the multiplex of FIG. 17.

[0112] Referring to FIG. 13, the liquid crystal display
device includes a liquid crystal display panel 1200, a back-
light assembly 1210, a data driver 1220, a gate driver 1230,
a backlight driver 1214, a controller 1360, a common
voltage generator 1340 and a gamma reference voltage
generator 1350. In FIG. 13, a same common voltage and a
same gamma reference voltage is applied to the liquid
crystal display panel 1200.

[0113] The controller 1360 receives image data (or R.G.B.
image data 1206), vertical synchronization signal (Vsync)
and horizontal synchronization signal (Hsync) 1208 from an
external graphic controller (not shown). For example, the
R.G.B. image data 1206 may be transmissive mode gray
scale data, each of the R.G.B. image data 1206 may have 6
bits (i.c. 64 levels of gray scale) of digital data, 8 bits (i.c.256
levels of gray scale) of digital data or any other bits of digital
data. For example, when the present invention is applied to
lap top computer (or notebook computer) and PDA (personal
digital assistant) that employ a data driver receiving 6 bits of
R'. G". B'. image data, the controller 1360 may uses 6 bits of
R. G. B. image data 1206.

[0114] Hereinafter, it is assumed that the R. G. B. image
data 1206 have a transmissive mode gray scale data having
64 levels of gray scale, the V-T and V-R curves of the liquid
crystal display device is the same as that of FIG. 11, and the
common voltage of the common voltage generator 1240 and
the gamma reference voltage of the gamma reference volt-
age generator 1250 is optimized according to the transmis-
sive mode.

[0115] When the controller 1360 receives the R. G. B.
image data 1206 having 64 levels of gray scale in a trans-
missive mode, the controller 1360 outputs a transmissive
mode gray scale data to the data driver 1220. When the
controller 1360 receives the R. G. B. image data 1206
having 64 levels of gray scale in a reflective mode, the,
controller 1360 transforms the R. G. B. image data 1206 into
a real reflective mode gray scale data and a first reflective
mode gray scale data based on the characteristics of the V-T
and V-R curves of FIG. 11. The controller 1360 generates a
second reflective mode gray scale data, and inserts pseudo
gray scale data into the second reflective mode gray scale
data to produce a third reflective mode gray scale data. An
average value of the second reflective mode gray scale data
for N frames is substantially the same as the real reflective
mode gray scale data.

[0116] The common voltage gencrator 1340 applies a
predetermined common voltage to the common line.
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[0117] The common voltage generator 1340 may employ
a high voltage driving method and a low voltage driving
method.

[0118] The gamma reference voltage generator 1350 gen-
erates a gamma reference voltage and outputs the gamma
reference voltage to the data driver 1220. For example, the
gamma reference voltage generator 1350 may employ resis-
tor array so as to generate the gamma reference voltage.

[0119] Referring to FIG. 14, the controller 1360 includes
a first reflective mode (R mode) gray scale data generating
section 1310q, a frame counter 1330, a second reflective
mode (R mode) gray scale data generating section 13224, a
third reflective mode (R mode) gray scale data generating
section 1326, a mode judging section 1342 and a selecting
section 1350. The controller 1360 performs the functions of
a timing controller (Tcon) of a general liquid crystal display
device, only the circuit elements related to the gray scale
data generator is shown in FIG. 14, and other circuit
elements of the timing controller is not shown in FIG. 14.

[0120] When the transmissive mode gray scale data is
transformed into a reflective mode gray scale data and the
interval between the gray scale levels of the transformed
reflective mode gray scale data has a linear property, the first
reflective mode gray scale data generating section 1310a
may be employed. However, the first reflective mode gray
scale data generating section 13102 may be also employed
when the interval between the gray scale levels of the
transformed reflective mode gray scale data has a non-linear
property. When the interval between the gray scale levels of
the transformed reflective mode gray scale data has a non-
linear property, a lookup table may be also employed.

[0121] The first reflective mode gray scale data generating
section 1310a receives 6 bits of R.G.B. image data 1206
outputted from an external graphic controller (not shown),
and generates a first reflective mode gray scale data (D) 1312
and a control data (d) 1314.

[0122] The first reflective mode gray scale data generating
section 1310a generates a real reflective mode gray scale
data corresponding to a first effective range of a reflective
mode gray scale voltage using a relationship between a
second effective range of a transmissive mode gray scale
voltage and the transmissive mode gray scale data. The real
reflective mode gray scale data may be a real number that
includes figures below a decimal-point. As shown in FIG.
11, when gray scale ‘0’ corresponds to gray scale voltage 1.5
volts and gray scale ‘63’ corresponds to gray scale voltage
4 volts in the transmissive mode, the effective range of
reflective mode gray scale voltage is from 0 volt to 3 volts.
The effective range of transmissive mode gray scale voltage
may be from 1.5 volts to 4 volts, or from about 0 volt to
about 4 volts. The effective range of reflective mode gray
scale voltage is from 1.5 volts to 3 volts.

[0123] For example, when gray scale voltage 3.0 volts
corresponds to gray scale ‘47°, the first reflective mode gray
scale data generating section 1310g transforms the trans-
missive mode gray scale data of which value is in a range
from O to 63 into a real reflective mode gray scale data of
which value, is in a range from 0 to 47.

[0124] For example, the transmissive mode gray scale data
is transformed into a real reflective mode gray scale data by
the following expression 1
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[0125]

(GnR)=[(Gn(T)xxxN)+y]=N
[0126] (Gn(R) denotes the real reflective mode gray scale
data, Gn(T) denotes the transmissive mode gray scale data,
x denotes a positive real number less than 1, y denotes
integer as an offset value, and N denotes a positive integer)

<Expression 1>

[0127] When the transmissive mode has gray scale levels
in a range from O to 63 and the reflective mode has gray scale
level in a range from 0 to 47, the ‘x’ value may be 0.75
(48+64). In addition, the ‘x’ value may have (effective range
of reflective mode gray scale voltage)+(effective range of
transmissive mode gray scale voltage). The ‘y’ denotes an
offset value for providing a smooth gamma curve in the
reflective mode when the transmissive mode gray scale data
is transformed into the reflective mode gray scale data. In
other words, the ‘y’ may have an integer value for reducing
an error between the effective range of the reflective mode
gray scale voltage on the V-R curve and the effective range
of the transmissive mode gray scale voltage on the V-T
curve.

[0128] FIG. 15 is shows the real reflective mode gray
scale data (Gn{R)) produced by the expression 1.

[0129] Referring to FIG. 15, when the transmissive mode
gray scale data of which value is in a range from O to 63 are
transformed into the real reflective mode gray scale data of
which value are in a range from 0 to 47, the real reflective
mode gray scale data may have figures below a decimal-
point. Namely, a halftone gray scale may be generated. The
real reflective mode gray scale data may have 1.5, 5.25, and
5.75 that have figures below a decimal-point such as 0.25,
0.5, and 0.75. The first reflective mode gray scale data
generating section 1312 extracts an integer part from the real
reflective mode gray scale data to produce the first reflective
mode gray scale data (D) 1312, and generates a control
datum (d) 1314 corresponding to a figure below a decimal-
point of each of the real reflective mode gray scale data.
When the figure below the decimal-point is 0, the control
datum (d) is 0. When the figure below the decimal-point is
0.25, the control datum (d) is 1. When the figure below the
decimal-point is 0.5, the control datum (d) is 2, i.e. a binary
value 10.,,. When the figure below the decimal-point is 0.75,
the control datum (d) is 3, i.e. a binary value 11 (2). For
example, when the real reflective mode gray scale data have
2.25, the first reflective mode gray scale data (D) is 2 and the
control datum (d) is 1.

[0130] Referring again to FIG. 14, the frame counter 1330
receives the vertical synchronization signal (Vsync), counts
the number of the frame synchronization signal or the
number of the frames and outputs a frame count value (Vc).

[0131] The second reflective mode gray scale data gener-
ating section 1322 generates a mixed sequence of gray scale
data in which the first reflective mode gray scale data (D)
1312 and temporary reflective mode gray scale data are
arranged in a predetermined ratio by N-frame period and
produce second reflective mode gray scale data. The tem-
porary reflective mode gray scale data may be (D+n) (n is an
integer, for example n is 1).

[0132] The second reflective mode gray scale data gener-
ating section 1322 treats the halftone gray scale using the
vertical synchronization signal (Vsync) such that an average
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value of the second reflective mode gray scale data for N
frames is substantially the same as the real reflective mode
gray scale data. For example the N may be 4. Hereinafter, it
is assumed that the N is 4.

[0133] Particularly, the second reflective mode gray scale
data generating section 1322 receives the first reflective
mode gray scale data (D) 1312 and the control data (d) 1314
outputted from the first reflective mode gray scale data
generating section 1310a. The control data (d) 1314 has
binary value. The second reflective mode gray scale data
generating section 1322 receives the frame count value (V)
1332 outputted from the frame counter 1330.

[0134] For example, the second reflective mode gray scale
data generating section 1322 may include a multiplexer.

[0135] Referring to FIG. 16, the second reflective mode
gray scale data generating section 1322 includes 16x1
multiplexer (MUX). The 16x1 multiplexer (MUX) receives
the first reflective mode gray scale data (D) 1312 or the
temporary reflective mode gray scale data (D+1) through
input terminals. The 16x1 multiplexer (MUX) receives the
control data (d) 1314 of which upper bits corresponds to the
frame count value (Vc) 1332 and of which lower bits
corresponds to the control data (d) 1314 through the select-
ing terminal. As shown in FIG. 17, the 16x1 multiplexer
(MUX) outputs the second reflective mode gray scale data
1324. For example the frame count value (Vc) may have
2-bit width data, and the control data (d) 1314 may have
2-bit width data.

[0136] Referring to FIG. 18, the second reflective mode
gray scale data 1324 for 4 frames are shown. When the
control data (d) is 0, i.e. the figure below the decimal-point
of the real reflective mode gray scale data is 0, the temporary
gray scale datum having a value of D+1 is not shown for 4
frames.

[0137] When the control data (d) is 1, i.e. the figure below
the decimal-point of the real reflective mode gray scale data
is 0.25, one temporary gray scale datum having a value of
D+1 is shown. For example, when the real reflective mode
gray scale data is 2.25, the D is 2 and d is 1. An average
value of three Ds and one D+1 for 4 frames is the same as
the real reflective mode gray scale data 2.25.

[0138] When the control data (d) is 2, i.e. the figure below
the decimal-point of the real reflective mode gray scale data
is 0.5, two temporary gray scale data having a value of D+1
are shown. For example, when the real reflective mode gray
scale data is 2.5, the D is 2 and d is 2. An average value of
two Ds and two (D+1)s for 4 frames is the same as the real
reflective mode gray scale data 2.5.

[0139] When the control data (d) is 3, i.e. the figure below
the decimal-point of the real reflective mode gray scale data
is 0.75, three temporary gray scale data having a value of
D+1 are shown. For example, when the real reflective mode
gray scale data is 2.75, the D is 2 and d is 3. An average
value of one D and three (D+1)s for 4 frames is the same as
the real reflective mode gray scale data 2.75. Since, the
average value of the second reflective mode gray scale data
for N frames is substantially the same as the real reflective
mode gray scale data, the real reflective mode gray scale
data that have figures below the decimal-point is able to be
restored by means of the second reflective mode gray scale
data and the temporary reflective mode gray scale data.
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[0140] A frame rate control (FRC) method may be used so
as to restore the real reflective mode gray scale data. In the
FRC method, the number of ON frames of dot (or pixel) to
be displayed in N-frame period is changed depending on the
control data (d). In other words, in the FRC method, the ratio
of a first number of ON frames of dot and a second number
of OFF frames of dot in N-frames period determines the
halftone gray scale data. Accordingly, the halftone gray scale
data is restored. In the FRC method, a FRC pattern varies in
every frame period. The FRC pattern includes the first
number of ON frames of dot and the second number of OFF
frames of dot.

[0141] Referring again to FIG. 14, the third reflective
mode gray scale data generating section 1326 inserts pseudo
gray scale data into the second reflective mode gray scale
data 1324 to produce a third reflective mode gray scale data
1328. The number of the pseudo gray scale data is the
difference between the number of the transmissive mode
gray scale level and the number of the reflective mode gray
scale level. For example, when the number of the transmis-
sive mode gray scale is 64 and the number of the reflective
mode gray scale is 48, 16 pseudo gray scale data are inserted
into the second reflective mode gray scale data 1324, and 64
third reflective mode gray scale data 1328. Accordingly, the
third reflective mode gray scale data 1328 has the same bits
and gray scale levels as that of the transmissive mode gray
scale data.

[0142] The mode judging section determines one of a
transmissive mode or a reflective mode to output a mode
determining signal. For example, when the backlight is
turned on, the mode judging section outputs the mode
determining signal that represents the transmissive mode.
When the backlight is turned off, the mode judging section
outputs the mode determining signal that represents the
reflective mode.

[0143] The selecting section 1350 provides the transmis-
sive and reflective type liquid crystal display device with the
transmissive mode gray scale data corresponding to the
transmissive mode gray scale data when the mode deter-
mining signal represents the transmissive mode and provid-
ing the transmissive and reflective type liquid crystal display
device with a reflective mode gray scale data corresponding
to the third reflective mode gray scale data when the mode
determining signal represents the reflective mode. For
example, the selecting section 1350 may employ 2x1 MUX.

[0144] FIG. 19 is block diagram showing an example of
a selecting section of FIG. 14.

[0145] Referring to FIG. 19, the 2x1 MUX receives the
mode determining signal 1344 through a selecting terminal,
and receives the transmissive mode gray scale data 1206 and
the third reflective mode gray scale data 1328 through input
terminals. The 2x1 MUX outputs transmissive mode gray
scale data 1206 and the third reflective mode gray scale data
1328 according to the mode determining signal 1344.

[0146] FIG. 20 is a block diagram showing another
example of the controller of FIG. 13, and FIG. 21 is a table
showing a first reflective mode gray scale data stored in a
first reflective mode gray scale data storing section.

[0147] Referring to FIG. 20, the controller 1360 includes
a first reflective mode (R mode) gray scale data storing
section 13105, a frame counter 1330, a second reflective
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mode (R mode) gray scale data generating section 1322b, a
third reflective mode (R mode) gray scale data generating
section 1326, a mode judging section 1342 and a selecting
section 1350. The controller 1360 has the same structure as
the controller of FIG. 14 except the first reflective mode (R
mode) gray scale data storing section 13105

[0148] When transmissive mode gray scale data is trans-
formed into reflective mode gray scale data and the interval
between the gray scale levels of the transformed reflective
mode gray scale data has a non-linear property, the first
reflective mode gray scale data storing section 13105 may be
employed. The first reflective mode gray scale data storing
section 13100 stores the real reflective mode gray scale data
of which value has non-linear property. However, the first
reflective mode gray scale data storing section 13105 may be
also employed when the interval between the gray scale
levels of the transformed reflective mode gray scale data has
a linear property.

[0149] The first reflective mode gray scale data storing
section 131056 receives 6 bits of R.G.B. image data 1206
outputted from an external graphic controller (not shown),
and stores a real reflective mode gray scale data, a first
reflective mode gray scale data (D) 1312 and a control data
(d) 1314.

[0150] The first reflective mode gray scale data storing
section 1310) is referred to as a lookup table. The first
reflective mode gray scale data, storing section 13105 stores
the real reflective mode gray scale data corresponding to a
first effective range of the reflective mode gray scale voltage
using a relationship between a second effective range of the
transmissive mode gray scale voltage and the transmissive
mode gray scale data. As shown in FIG. 11, when gray scale
‘0’ corresponds to gray scale voltage 1.5 volts and gray scale
‘63’ corresponds to gray scale voltage 4 volts in the trans-
missive mode, the effective range of reflective mode gray
scale voltage is from 0 volt to 3 volts.

[0151] For example, when gray scale voltage 3.0 volts
corresponds to gray scale ‘47°, the first reflective mode gray
scale data storing section 1310b transforms the transmissive
mode gray scale data of which value is in a range from 0 to
63 into a real reflective mode gray scale data of which value
is in a range from 0 to 47.

[0152] For example, the first reflective mode gray scale
data storing section 1310 may stores the real reflective
mode gray scale data shown in FIG. 21.

[0153] Referring to FIG. 21, when the transmissive mode
gray scale data of which value is in a range from 0 to 63 are
transformed into the real reflective mode gray scale data of
which value are in a range from 0 to 47, the real reflective
mode gray scale data may have figures below a decimal-
point. Namely, a halftone gray scale may be generated. For
example, the real reflective mode gray scale data may have
1.43,2.76, and 4.33 that have figures below a decimal-point
such as 0.43, 076, and 0.33. The first reflective mode gray
scale data storing section 13105 stores the control data (d)
1314. The figures below a decimal-point such as 0.43, 076,
and 0.33 is transformed into limited number of figures below
a decimal-point such as 0.25, 0.5, and 0.75. The control data
(d) 1314 has the limited number of figures below a decimal-
point such as 0.25, 0.5, and 0.75. For example, the control
data (d) has 0.5 when the figure below a decimal-point is
0.43, the control data (d) has 0.75 when the figure below a
decimal-point is 0.76.
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[0154] The first reflective mode gray scale data (D) 1312
has the integer part of the real reflective mode gray scale
data.

[0155] When the transformed figure below a decimal-
point is 0, d is 0. When the transformed figure below a
decimal-point is 0.25, d is 1. When the transformed figure
below a decimal-point is 0.5, d is 2 (i.c. a binary value
10(2)). When the transformed figure below a decimal-point
is 0.75, d is 3(i.e. a binary value 10(2)).

[0156] For example, when the real reflective mode gray
scale data is 1.43, D is 1 and d is 2. For example, when the
real reflective mode gray scale data is 2.76, D is 2 and d is
3.

[0157] Referring again to FIG. 21, the frame counter 1330
receives the vertical synchronization signal (Vsync), counts
the number of the frame synchronization signal or the
number of the frames and outputs a frame count value (Vc).
For example, the frame count value (Vc) may be 2-bit width
data.

[0158] The second reflective mode gray scale data gener-
ating section 1322b generates a mixed sequence of gray
scale data in which the first reflective mode gray scale data
(D) 1312 and temporary reflective mode gray scale data are
arranged in a predetermined ratio by N-frame period and
produce second reflective mode gray scale data. The tem-
porary reflective mode gray scale data may be (D+n) (n is an
integer, for example n is 1). For example the N may be 4.
Hereinafter, it is assumed that the N is 4. The second
reflective mode gray scale data generating section 1322b
treats the halftone gray scale using the vertical synchroni-
zation signal (Vsync) such that an average value of the
second reflective mode gray scale data for N frames is
substantially the same as the real reflective mode gray scale
data.

[0159] Particularly, the second reflective mode gray scale
data generating section 1322b receives the first reflective
mode gray scale data (D) 1312 and the control data (d) 1314
outputted from the first reflective mode gray scale data
storing section 1310b. The second reflective mode gray
scale data generating section 13225 receives the frame count
value (Vc) 1332 outputted from the frame counter 1330.

[0160] For example, the second reflective mode gray scale
data generating section 1322bh may include a multiplexer.

[0161] As mentioned above, the frame rate control (FRC)
method may be used so as to restore the real reflective mode
gray scale data.

[0162] The third reflective mode gray scale data generat-
ing section 1326 inserts pseudo gray scale data into the
second reflective mode gray scale data 1324 to produce a
third reflective mode gray scale data 1328. The number of
the pseudo gray scale data is the difference between the
number of the transmissive mode gray scale level and the
number of the reflective mode gray scale level.

[0163] The mode judging section 1340 determines one of
a transmissive mode or a reflective mode to output a mode
determining signal. For example, when the backlight is
turned on, the mode judging section outputs the mode
determining signal that represents the transmissive mode.
When the backlight is turned off, the mode judging section
outputs the mode determining signal that represents the
reflective mode.
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[0164] The selecting section 1350 provides the transmis-
sive and reflective type liquid crystal display device with the
transmissive mode gray scale data corresponding to the
transmissive mode gray scale data when the mode deter-
mining signal represents the transmissive mode, and pro-
viding the transmissive and reflective type liquid crystal
display device with a reflective mode gray scale data cor-
responding to the third reflective mode gray scale data when
the mode determining signal represents the reflective mode.
For example, the selecting section 1350 may employ 2x1
MUX.

[0165] FIG. 22 is a flow chart showing a method of
producing gray scale data according to a fifth exemplary
embodiment of the present invention.

[0166] Referring to FIG. 22, transmissive mode gray scale
data is received (step 2201). The transmissive mode gray
scale data is transformed into real reflective mode gray scale
data (step 2203). Particularly, the real reflective mode gray
scale data corresponding to a first effective range of a
reflective mode gray scale voltage is produced using the
relation between a second effective range of a transmissive
mode gray scale voltage and the transmissive mode, gray
scale data.

[0167] An integer part is extracted from the real reflective
mode gray scale data so as to produce first reflective mode
gray scale data (step 2205).

[0168] Figures below a decimal point of the real reflective
mode gray scale data are extracted so as to produce a control
data (d) (step 2207).

[0169] Second reflective mode gray scale data is produced
(step 2209). The first reflective mode gray scale data (D) and
temporary reflective mode gray scale data (D+n) are
arranged in a predetermined ratio by N-frame period. For
example, the temporary reflective mode gray scale data may
be D+1.

[0170] Pseudo gray scale data are inserted into the second
reflective mode gray scale data so as to produce third
reflective mode gray scale data (step 2211). The number of
the pseudo gray scale data is a difference between the
number of a transmissive mode gray scale level and the
number of a reflective mode gray scale level.

[0171] After determining the mode is transmissive mode
(step 2213), a reflective mode gray scale voltage correspond-
ing to the reflective mode gray scale data is outputted to the
transmissive and reflective type liquid crystal display device
when the transmissive and reflective type liquid crystal
display device operates in the reflective mode (step 2215). A
transmissive mode gray scale voltage corresponding, to the
transmissive mode gray scale data is outputted to the trans-
missive and reflective type liquid crystal display device
when the transmissive and reflective type liquid crystal
display device operates in the transmissive mode (step
2217).

[0172] FIG. 23 is a flow chart showing a method of
producing a reflective mode gray scale data of FIG. 22 by
means of the expression 1.

[0173] Referring to FIG. 23, a ratio (x) (effective range of
reflective mode gray scale voltage)+(effective range of
transmissive mode gray scale voltage) is produced (step
2301). The transmissive mode gray scale data Gn(T) is
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multiplied by the ratio (x) and the N (step 2303), and then
an offset (y) is added the result of step 2303 (step 2305). The
result of step 2305 is divided by the N so as to produce the
first reflective mode gray scale data (step 2307), and returns
back to the step 2209.

[0174] For example, the gray scale voltage generator,
method of generating the gray scale voltage and the trans-
missive and reflective type liquid crystal display device
according to the present invention may be applied to mobile
devices that have a screen size less than 2 inches. In
addition, the gray scale voltage generator may be applied to
a lap top computer (or notebook), PDA, etc.

[0175] While the exemplary embodiments of the present
invention and its advantages have been described in detail,
it should be understood that various changes, substitutions
and alterations can be made herein without departing from
the spirit and scope of the invention as defined by appended
claims.

What is claimed is:

1. A method of providing a transmissive-and-reflective
type liquid crystal display device with a gray scale voltage,
the method comprising:

receiving transmissive mode gray scale data;

producing real reflective mode gray scale data corre-
sponding to a first effective range of a reflective mode
gray scale voltage using a relation between a second
effective range of a transmissive mode gray scale
voltage and the transmissive mode gray scale data;

extracting an integer part from the real reflective mode
gray scale data to produce first reflective mode gray
scale data;

mixing the first reflective mode gray scale data and
temporary reflective mode gray scale data in a prede-
termined ratio by N-frame period to produce second
reflective mode gray scale data, the temporary reflec-
tive mode gray scale data being a sum of a first integer
and the first reflective mode gray scale data;

inserting pseudo gray scale data into the second reflective
mode gray scale data to produce a third reflective mode
gray scale data, a first number of the pseudo gray scale
data being a difference between a second number of a
transmissive mode gray scale level and a third number
of a reflective mode gray scale level;

providing the transmissive and reflective type liquid crys-
tal display device with a transmissive mode gray scale
voltage corresponding to the transmissive mode gray
scale data when the transmissive and reflective type
liquid crystal display device operates in a transmissive
mode; and

providing the transmissive and reflective type liquid crys-
tal display device with a reflective mode gray scale
voltage corresponding to the third reflective mode gray
scale data when the transmissive and reflective type
liquid crystal display device operates in a reflective
mode.

2. The method of claim 1, wherein an average value of the
second reflective mode gray scale data for N frames is
substantially a same as the real reflective mode gray scale
data.
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3. The method of claim 1, wherein the method further
comprising:

transforming a first figure below a decimal-point of each
of the real reflective mode gray scale data into a control
datum, the control datum having a binary value no
corresponding to a second figure below the decimal-
point having k definite levels, and the k being a natural
number greater than 2.

4. The method of claim 1, wherein the predetermined ratio
is determined by the binary value of the control datum.

5. The method of ¢laim 1, wherein the real reflective mode
gray scale data satisfies the relationship of [(Gn(T)xxxN)+
y]+N, wherein Gn(T) denotes the transmissive mode gray
scale data, x denotes a positive real number less than 1, y
denotes a second integer, respectively

6. The method of claim 5, wherein x is calculated by
dividing the first effective range of the reflective mode gray
scale voltage by the second effective range of the transmis-
sive mode gray scale voltage.

7. The method of claim 5, wherein y represents the second
integer for reducing an error between the first effective range
of the reflective mode gray scale voltage on a first voltage-
reflectivity curve of the reflective mode and the second
effective range of the transmissive mode gray scale voltage
on a second voltage-reflectivity curve of the transmissive
mode.

8. The method of claim 7, wherein y has a different value
according to a gray scale value.

9. The method of claim 5, wherein N denotes 4.

10. The method of claim 3, wherein producing the second
reflective mode gray scale data comprises:

counting a frame synchronization signal indicating a
beginning of each of the N frames to produce a fourth
number of frames, the fourth number being a third
integer;

adding one to the first reflective mode gray scale data to
produce a fourth reflective mode gray scale datum, a
fifth number of the fourth reflective mode gray scale
datum corresponding to the binary value of the control
datum;

producing a sixth number of the first reflective mode gray
scale data, the sixth number being calculated by sub-
tracting the fifth number from the N; and

mixing the sixth number of the first reflective mode gray
scale data and the fifth number of the fourth reflective
mode gray scale data to produce the second reflective
mode gray scale data.

11. The method of claim 1, wherein the second reflective
mode gray scale data is produced by a frame rate control
method.

12. The method of claim 1, wherein the first reflective
mode gray scale data corresponds to one selected from the
group consisting of red, green and blue colors.

13. A gray scale voltage generator for providing a gray
scale voltage to a transmissive-and-reflective type liquid
crystal display device, the gray scale voltage generator
comprising:

a first reflective mode gray scale data generating means
receiving transmissive mode gray scale data, producing
real reflective mode gray scale data corresponding to a
first effective range of a reflective mode gray scale
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voltage using a relation between a second effective
range of a transmissive mode gray scale voltage and the
transmissive mode gray scale data, extracting an inte-
ger part from the real reflective mode gray scale data to
produce first reflective mode gray scale data, and
generating a control datum corresponding to a first
figure below a decimal-point of each of the real reflec-
tive mode gray scale data;

a frame counter receiving a frame synchronization signal
indicating a beginning of each of the N frames and
counting a number of the frame synchronization signal
to produce a frame count value;

asecond reflective mode gray scale data generating means
mixing the first reflective mode gray scale data and
temporary reflective mode gray scale data in a prede-
termined ratio by N-frame period to produce second
reflective mode gray scale data, the temporary reflec-
tive mode gray scale data being a sum of a first integer
and the first reflective mode gray scale data;

a third reflective mode gray scale data generating means
inserting pseudo gray scale data into the second reflec-
tive mode gray scale data to produce a third reflective
mode gray scale data, a first number of the pseudo gray
scale data being a difference between a second number
of a transmissive mode gray scale level and a third
number of a reflective mode gray scale level;

a mode judging means for determining one of a transmis-
sive mode or a reflective mode to output a mode
determining signal; and

a selecting means providing the transmissive and reflec-
tive type liquid crystal display device with a transmis-
sive mode gray scale data corresponding to the trans-
missive mode gray scale data when the mode
determining signal represents the transmissive mode
and providing the transmissive and reflective type
liquid crystal display device with a reflective mode
gray scale data corresponding to the third reflective
mode gray scale data when the mode determining
signal represents the reflective mode.

14. The gray scale voltage generator of claim 13, wherein
the control datum has a binary value corresponding to the
first figure below the decimal-point having k definite levels,
the first figure being transformed from a second figure below
the decimal-point of each of the real reflective mode gray
scale data, and k being a natural number and more than 2.

15. The gray scale voltage generator of claim 13, wherein
the predetermined ratio is determined by the binary value of
the control datum.

16. The gray scale voltage generator of claim 13, wherein
the real reflective mode gray scale data satisfies the rela-
tionship of [(Gn(T)xxxN)+y]+N, wherein Gn(T) denotes the
transmissive mode gray scale data, x denotes a positive real
number less than 1, y denotes a second integer, respectively

17. The gray scale voltage generator of claim 16, wherein
x 1s calculated by dividing the first effective range of the
reflective mode gray scale voltage by the second effective
range of the transmissive mode gray scale voltage.

18. The gray scale voltage generator of claim 13, wherein
y represents the second integer for reducing an error
between the first effective range of the reflective mode gray
scale voltage on a first voltage-reflectivity curve of the
reflective mode and the second effective range of the trans-
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missive mode gray scale voltage on a second voltage-
reflectivity curve of the transmissive mode.

19. The gray scale voltage generator of claim 18, wherein
y has a different value according to a gray scale value.

20. The gray scale voltage generator of claim 16, wherein
N denotes 4.

21. The gray scale voltage generator of claim 20, wherein
an average value of the second reflective mode gray scale
data for N frames is substantially a same as the real reflective
mode gray scale data.

22. The gray scale voltage generator of claim 21, wherein
a second reflective mode gray scale data generating means
including a multiplexer, the multiplexer receiving the frame
count value and the control datum through a selecting
terminal, outputting a fourth number of fourth reflective
mode gray scale datum, the fourth number of the fourth
reflective mode gray scale datum corresponding to the
binary value of the control datum, outputting a fifth number
of the first reflective mode gray scale data, the fifth number
being calculated by subtracting the fifth number from N.

23. The gray scale voltage generator of claim 22, wherein
the fourth reflective mode gray scale datum has a value
adding one to the first reflective mode gray scale data le
datum.

24. The gray scale voltage generator of claim 13, wherein
the first reflective mode gray scale data corresponds to one
selected from the group consisting of red color, green color
and blue color.

235. The gray scale voltage generator of claim 13, wherein
the mode determining signal represents the transmissive
mode when a backlight of the transmissive and reflective
type liquid crystal display device is turned on, and the
reflective mode when the backlight of the transmissive and
reflective type liquid crystal display device is turned off.

26. A gray scale voltage generator for providing a gray
scale voltage to a transmissive and reflective type liquid
crystal display device, the liquid crystal display device
including a data driver for applying the gray scale voltage to
pixels and a gate driver for controlling switching devices of
the pixels and a light source, the gray scale voltage generator
comprising:

a controller for providing the liquid crystal display device
with a transmissive mode gray scale data when the light
source is turned on, and for providing the liquid crystal
display device with a reflective mode gray scale data
when the light source is turned off;

a gamma reference voltage generator for generating a
gamma reference voltage based on the transmissive
mode gray scale data and the reflective mode gray scale
data to output the gamma reference voltage to the data
driver; and

a common voltage generator for generating a common
voltage to output the common voltage to a common line
connected to the pixels.

27. The gray scale voltage generator of claim 26, wherein

the controller comprising:

a first reflective mode gray scale data generating means
receiving transmissive mode gray scale data, producing
real reflective mode gray scale data corresponding to a
first effective range of a reflective mode gray scale
voltage using a relation between a second effective
range of a transmissive mode gray scale voltage and the
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transmissive mode gray scale data, extracting an inte-
ger part from the real reflective mode gray scale data to
produce first reflective mode gray scale data, and
generating a control datum corresponding to a first
figure below a decimal-point of each of the real reflec-
tive mode gray scale data;

a frame counter receiving a frame synchronization signal
indicating a beginning of each of the N frames and
counting a number of the frame synchronization signal
to produce a frame count value;

asecond reflective mode gray scale data generating means
mixing the first reflective mode gray scale data and
temporary reflective mode gray scale data in a prede-
termined ratio by N-frame period to produce second
reflective mode gray scale data, the temporary reflec-
tive mode gray scale data being a sum of a first integer
and the first reflective mode gray scale data;

a third reflective mode gray scale data generating means
inserting pseudo gray scale data into the second reflec-
tive mode gray scale data to produce a third reflective
mode gray scale data, a first number of the pseudo gray
scale data being a difference between a second number
of a transmissive mode gray scale level and a third
number of a reflective mode gray scale level;

a mode judging means for determining one of a transmis-
sive mode or a reflective mode to output a mode
determining signal; and

a selecting means providing the transmissive and reflec-
tive type liquid crystal display device with a transmis-
sive mode gray scale data corresponding to the trans-
missive mode gray scale data when the mode
determining signal represents the transmissive mode
and providing the transmissive and reflective type
liquid crystal display device with a reflective mode
gray scale data corresponding to the third reflective
mode gray scale data when the mode determining
signal represents the reflective mode.

28. The gray scale voltage generator of claim 26, wherein
the real reflective mode gray scale data satisfies the rela-
tionship of [(Gn(T)xxxN)+y]+N, wherein Gn(T) denotes the
transmissive mode gray scale data, x denotes a positive real
number less than 1, y denotes a second integer, respectively.

29. A gray scale voltage generator for providing a gray
scale voltage to a transmissive and reflective type liquid
crystal display device, the liquid crystal display device
including a data driver for applying the gray scale voltage to
pixels and a gate driver for controlling switching devices of
the pixels and a light source, the gray scale voltage generator
comprising:

a controller for providing the liquid crystal display device
with a transmissive mode selecting signal when the
light source is turned on, and for providing the liquid
crystal display device with a reflective mode selecting
signal when the light source is turned off;

a gamma reference voltage generator for generating a
transmissive mode gamma reference voltage and a
reflective mode gamma reference voltage based on the
transmissive mode selecting signal and the reflective
mode selecting signal, respectively, to the data driver;
and
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a common voltage generator for generating a common
voltage to output the common voltage in response to
the transmissive and reflective mode selecting signals
to a common line connected to the pixels, the common
voltage having a transmissive mode common voltage
corresponding to a transmissive mode and a reflective
mode common voltage corresponding to a reflective
mode.

30. The gray scale voltage generator of claim 29, wherein

the gamma reference voltage generator including:

a transmissive mode gamma reference voltage generator
for generating a transmissive mode gamma reference
voltage based on the transmissive mode selecting signal
to output the transmissive mode gamma reference
voltage to the data driver; and

a reflective mode gamma reference voltage generator for
generating a reflective mode gamma reference voltage
based on the reflective mode selecting signal to output
the reflective mode reference gamma reference voltage
to the data driver.

31. The gray scale voltage generator of claim 26, wherein

the common voltage generator comprising:

a transmissive mode common voltage generator for gen-
erating the transmissive mode common voltage to
output the transmissive mode common voltage in
response to the transmissive mode selecting signal to
the common line; and

a reflective mode common voltage generator for gener-
ating the reflective mode common voltage to output the
reflective mode common voltage in response to the
reflective mode selecting signal to the common line.

32. A liquid crystal display device comprising:

a first insulation substrate;

a first wiring formed on the first insulation substrate and
extended in a first direction;

a second wiring formed on the first insulation substrate
and extended in a second direction to be insulated from
the first wiring, the second direction being substantially
perpendicular to the first direction;

a transparent electrode formed in at least one pixel region,
the pixel region defined by the first and second wiring;

a reflective electrode disposed in the at least one pixel
region and having a opening;

a first thin film transistor substrate connected to the first
wiring, the second wiring, the transparent electrode and
the reflective electrode;

a second insulation substrate facing the first insulation
substrate;

a common eclectrode formed on the second insulation
substrate; and

a liquid crystal layer interposed between the first and
second insulation substrate, a major axis of each of
liquid crystal molecules of the liquid crystal layer being
twisted in a predetermined angle with respect to the
first insulation substrate toward the second insulation
substrate, the predetermined angle being in a range
from about 0° to about 50°.
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33. The liquid crystal display device of claim 32, wherein
a And of the liquid crystal layer is in a range from about 0.15
to about 0.35, n is a refraction index of the liquid crystal
layer, and d is a cell gap.

34. A liquid crystal display device comprising:

a first insulation substrate;

a first wiring formed on the first insulation substrate and
extended in a first direction;

a second wiring formed on the first insulation substrate
and extended in a second direction to be insulated from
the first wiring, the second direction being substantially
perpendicular to the first direction;

a transparent electrode formed in at least one pixel region,
the pixel region defined by the first and second wiring;

a reflective electrode disposed in the at least one pixel
region and having a opening;

a first thin film transistor substrate connected to the first
wiring, the second wiring, the transparent electrode and
the reflective electrode;

a second insulation substrate facing the first insulation
substrate;

a common electrode formed on the second insulation
substrate; and

a liquid crystal layer interposed between the first and
second insulation substrate, a major axis of each of
liquid crystal molecules of the liquid crystal layer being
twisted in a substantially perpendicular to the first and
second insulation substrates, the liquid crystal layer
being comprised of a chiral dopant so that the ratio of
a cell gap to a pitch of the liquid crystal layer being in
a range from about 0 to about 0.15.

35. The liquid crystal display device of claim 34, wherein

a And of the liquid crystal layer is in a range from about 0.15
to about 0.35, n is a refraction index of the liquid crystal
layer, and d is a cell gap.

36. The liquid crystal display device of claim 35, wherein
the liquid crystal display device further comprising a first
2./4 retardation film disposed on an outer surface of the first
insulation substrate and a second A/4 retardation film dis-
posed on an outer surface of the second insulation substrate.

37. The liquid crystal display device of claim 35, wherein
the liquid crystal display device further comprising a first
3./2 retardation film disposed on an outer surface of the first
insulation substrate and a second }/2 retardation film dis-
posed on an outer surface of the second insulation substrate.

38. The liquid crystal display device of claim 36, wherein
each of the first and second A/2 retardation film includes a
reciprocal dispersion retardation film.

39. The liquid crystal display device of claim 36, wherein
the liquid crystal display device further comprising:

a light source, disposed below the first insulation sub-
strate, for being turned off in a reflective mode and
being turned on in a transmissive mode;

a data driver for applying a gray scale voltage to the thin
film transistor in the pixel region; and

a gray scale voltage generator for generating a gray scale
voltage using an external image signal and a control
signal, the gray scale voltage generator generating a
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reflective mode gray scale voltage in a reflective mode
and a transmissive mode gray scale voltage in a trans-
missive mode.
40. The liquid crystal display device of claim 39, wherein
the gray scale voltage generator comprising:

a controlling means for providing the liquid crystal dis-
play device with a transmissive mode gray scale data
when the light source is turned on, and for providing
the liquid crystal display device with a reflective mode
gray scale data when the light source is turned off;

a gamma reference voltage generating means for gener-
ating a transmissive mode gamma reference voltage
corresponding to the transmissive mode gray scale data
and a reflective mode gamma reference voltage corre-
sponding to the reflective mode gray scale data and
outputting the transmissive and reflective mode gamma
reference voltages to the data driver; and

a common voltage generating means for generating a
common voltage to is output the common voltage to a
common line connected to the common electrode in the
pixel region, the common voltage having a transmis-
sive mode common voltage corresponding to a trans-
missive mode and a reflective mode common voltage
corresponding to a reflective mode.

41. The liquid crystal display device of claim 40, wherein
the gray scale voltage generator includes a first gamma
reference resistance used in the reflective mode and a second
gamma reference resistance used in the transmissive mode,
the first gamma reference resistance different from the
second gamma reference resistance.

42. The liquid crystal display device of claim 39, wherein
the gray scale voltage generator comprising:

a controlling means for providing the liquid crystal dis-
play device with a transmissive mode gray scale data
when the light source is turned on, and for providing
the liquid crystal display device with a reflective mode
gray scale data when the light source is turned off;

a gamma reference voltage generating means for gener-
ating a gamma reference voltage to output the gamma
reference voltage to the data driver; and

a common voltage generating means for generating a
common voltage to output the common voltage to a
common line connected to the common electrode in the
pixel region.

43. The liquid crystal display device of claim 39, wherein

the controlling means comprising:

a first reflective mode gray scale data generating means
receiving transmissive mode gray scale data, producing
real reflective mode gray scale data corresponding to a
first effective range of a reflective mode gray scale
voltage using a relation between a second effective
range of a transmissive mode gray scale voltage and the
transmissive mode gray scale data, extracting an inte-
ger part from the real reflective mode gray scale data to
produce first reflective mode gray scale data, and
generating a control datum corresponding to a first
figure below a decimal-point of each of the real reflec-
tive mode gray scale data;

a frame counter receiving a frame synchronization signal
indicating a beginning of each of the N frames and



US 2003/0210216 Al

counting a number of the frame synchronization signal
to produce a frame count value;

asecond reflective mode gray scale data generating means
mixing the first reflective mode gray scale data and
temporary reflective mode gray scale data in a prede-
termined ratio by N-frame period to produce second
reflective mode gray scale data, the temporary reflec-
tive mode gray scale data being a sum of a first integer
and the first reflective mode gray scale data;

a third reflective mode gray scale data generating means
inserting pseudo gray scale data into the second reflec-
tive mode gray scale data to produce a third reflective
mode gray scale data, a first number of the pseudo gray
scale data being a difference between a second number
of a transmissive mode gray scale level and a third
number of a reflective mode gray scale level;

a mode judging means for determining one of a transmis-
sive mode or a reflective mode to output a mode
determining signal; and

a selecting means providing the transmissive and reflec-
tive type liquid crystal display device with a transmis-
sive mode gray scale data corresponding to the trans-
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missive mode gray scale data when the mode
determining signal represents the transmissive mode
and providing the transmissive and reflective type
liquid crystal display device with a reflective mode
gray scale data corresponding to the third reflective
mode gray scale data when the mode determining
signal represents the reflective mode.

44. The liquid crystal display device of claim 43, wherein
the real reflective mode gray scale data satisfies the rela-
tionship of [(Gn(T)xxxN)+y]+N, wherein Gn(T) denotes the
transmissive mode gray scale data, x denotes a positive real
number less than 1, y denotes a second integer, respectively.

45. The liquid crystal display device of claim 39, wherein
the gray scale voltage generator transforming the transmis-
sive mode gray scale data having ml bits into a first reflective
mode gray scale data having m2 bits, m1 and m2 being
natural numbers, m2 being less than m1, and producing the
second reflective mode gray scale data by a frame rate
control method, an average value of the second reflective
mode gray scale data for N frames being substantially a
same as the real reflective mode gray scale data for the N
frames.



[ i (S RIR) A ()

RIB(ERR)AGE)

HERB(ERR)AE)

FRI&RBHA

RBA

REBRERER  FERERENTENEAENERNRFERS

US20030210216A1 NI (»&E)B

US10/434645 RiEH

SHMIL

R
£HFHWAN
SAKONGESIK
#YOUNG CHOL
thTAE

KIM JAE

SMIL

PARK CHEOL-WOO
£FEHWAN
SAKONGE##
#YOUNG-CHOL
Tl

SES

SHMIL

PARK CHEOL-WOO
£FHWAN
SAKONGEH#E
#YOUNG-CHOL

th A8

2HEE

KIM SANG IL

PARK CHEOL WOO
KIM TAE HWAN
SAKONG DONG SIK
YANG YOUNG CHOL
PARK WON SANG
KIM JAE CHANG

KIM, SANG-IL

PARK, CHEOL-WOO
KIM, TAE-HWAN
SAKONG, DONG-SIK
YANG, YOUNG-CHOL
PARK, WON-SANG
KIM, JAE-CHANG

GO02F1/1335 G02F1/133 G02F1/13363 G09G3/20 G09G3/34 G09G3/36 GO9G5/10

ERRE

2003-11-13

2003-05-09

G09G3/2011 G09G3/3648 G09G2320/0673 G09G2300/0456 G09G3/3655

1020030016992 2003-03-19 KR
1020020025539 2002-05-09 KR

US7145580

Espacenet USPTO

patsnap


https://share-analytics.zhihuiya.com/view/1cf8bbd5-c64c-4ad7-96b0-f85e7d379898
https://worldwide.espacenet.com/patent/search/family/029405400/publication/US2003210216A1?q=US2003210216A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220030210216%22.PGNR.&OS=DN/20030210216&RS=DN/20030210216

BEG®F)
NFT—HREBERERNEEFNRFERBERREPTERE
BENGE, BEFRARERFERERRZGRABKINELRTE. MK
FRRSEXREHRFEHRRBERRIENE - RAENIERE, £
REERREZFEN G RGRXRERFEATE L RBENGEH, 1§
NRFABERNREHREER -MNE - RERNRERE, [FHRERE
WA - RFEXRERESF, Bt , EEFNRGFELTHRE TR
RNERAE,

]

173 181,184

N

(
Ji))

123 151175 121

I




