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THIN FILM TRANSISTOR PANEL AND
LIQUID CRYSTAL DISPLAY USING THE
SAME

BACKGROUND OF THE INVENTION

(a) Technical Field

The present disclosure relates to a liquid crystal display
(LCD) and a thin film transistor (TFT) panel for the same.

(b) Discussion of the Related Art

Generally, an LCD includes a pair of panels respectively
having electrodes on their inner surfaces, and a dielectric
anisotropy liquid crystal layer interposed between the panels.
In the LCD, a variation of the voltage difference between the
field generating electrodes, i.e., a variation in the strength of
an electric field generated by the electrodes, changes the
transmittance of the light passing through the liquid crystal
layer, and thus desired images are obtained by controlling the
voltage difference between the electrodes.

In the LCD, the light may be a natural light or an artificial
light emitted from a light source employed in the LCD.

A backlight is a representative device for providing the
artificial light in the LCD and utilizes, for example, light
emitting diodes (LEDs) or fluorescent lamps, such as cold
cathode fluorescent lamps (CCFLs) and external electrode
fluorescent lamps (EEFLs), as the light source.

Power consumption by the backlight represents a large part
of the total power consumption of the LCD. Accordingly, to
reduce power consumption ofthe LCD, it is desirable to focus
on raising power efficiency of the backlight or reducing use
time thereof.

Batteries used as a power source in mobile technologies,
such as, for example, portable phones, have limited power
supply capacities. For this reason, efforts have been made to
increase maximum use time of the mobile technologies by
reducing the power consumption by LCDs employed in the
mobile technologies.

SUMMARY OF THE INVENTION

Embodiments of the present invention provide a low
power-consumption LCD, and an LCD having a display
region capable of displaying images at all times, regardless of
the operation state of a backlight employed in the LCD.

According to an embodiment of the present invention, a
liquid crystal display (LCD) device includes a low-resolution
area and a high-resolution area, wherein a pixel formed in the
low resolution area is larger than a pixel formed in the high
resolution area.

This LCD device may include a transmissive LCD panel
assembly, a backlight assembly for supplying light to the
LCD panel assembly, and a selective reflection film provided
between the backlight assembly and the LCD panel assembly.

Preferably, the transmissive LCD panel assembly includes
a thin film transistor (TFT) panel, a color filter panel that is
opposed to the TFT panel with a predetermined interval ther-
ebetween, a liquid crystal layer interposed between the TFT
panel and the color filter panel, and a first polarizer and a
second polarizer that are respectively provided on outer sur-
faces of the TFT panel and the color filter panel.

The LCD device may further include a data driving chip
mounted on the TFT panel, a first gate driving chip mounted
on the TFT panel to operate the low-resolution area, and a
second gate driving chip mounted onthe TFT panel to operate
the high-resolution area.

Alternatively, the LCD device may further include a data
driving chip mounted on the TFT panel, a first gate driving
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2

circuit formed in the TFT panel to operate the low-resolution
area, and a second gate driving circuit formed in the TFT
panel to operate the high-resolution area.

Preferably, the TFT panel includes a plurality of first gate
lines formed in the low-resolution area, a plurality of second
gate lines formed in the high-resolution area, a plurality of
first data lines intersected with the first gate lines and the
second gate lines, the plurality of first data lines being insu-
lated from the first and second gate lines, and a plurality of
second data lines intersected with and insulated from the
second gate lines, and not intersected with the first gate lines.

The first data lines and the second data lines may be alter-
nately arranged one by one, and an interval between two
adjacent first gate lines may be about two times larger than an
interval between two adjacent second gate lines.

The LCD may further include a transflective LCD panel
assembly and a backlight assembly for supplying light to the
LCD panel assembly.

The transflective LCD panel assembly may include a TFT
panel that includes a reflective electrode formed on a trans-
parent electrode and having a transmissive window, a color
filter panel that is opposed to the TFT panel with a predeter-
mined interval therebetween, a liquid crystal layer interposed
between the TFT panel and the color filter panel, and a first
polarizer and a second polarizer that are respectively pro-
vided on outer surfaces of the TFT panel and the color filter
panel.

The TFT panel may include a plurality of first gate lines
formed in the low-resolution area, a plurality of second gate
lines formed in the high-resolution area, a plurality of first
data lines that are intersected with and insulated from the first
gate lines and the second gate lines, and a plurality of second
data lines that are intersected with and insulated from the
second gate lines, and not intersected with the first gate lines.

According to another embodiment of the present invention,
there is provided a liquid crystal display (LCD) device com-
prising a low-resolution area and a high-resolution area,
wherein a pixel formed in the low-resolution area is larger
than a pixel formed in the high-resolution area, and at least a
part of the low-resolution area exhibits only one color.

Preferably, a pixel formed in the low-resolution area is
about three times as large as a pixel formed in the high-
resolution area.

Preferably, a matrix of pixels formed in the low-resolution
area corresponds to a matrix of pixel groups formed in the
high-resolution area, each pixel group consisting of R, G, and
B pixels represented as a dot in the high-resolution area.

Preferably, the data lines for supplying image signals to
green pixels of the high-resolution area extend up to the
low-resolution area so that all pixels formed in the low-reso-
lution area may receive the image signals.

The low-resolution area may exhibit white and black, and
a plurality of monochrome areas, each exhibiting only one
color, may be included in the low-resolution area. Each
monochrome area may exhibita different color from the other
areas. Further, at least one among the monochrome areas may
be comprised of pixels, each having two kinds of color filters.

According to another embodiment of the present invention,
there 1s provided a liquid crystal display (LCD) device com-
prising a low-resolution area and a high-resolution area,
wherein the low-resolution area includes a plurality of first
gate lines and a plurality of first data lines, and the high-
resolution area includes a plurality of second gate lines and a
plurality of second data lines, wherein a pixel formed in the
low-resolution area is larger than a pixel formed in the high-
resolution area, and wherein each of the first data lines
extends in a length direction of the low-resolution area.
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Preferably, the second data lines extend to be perpendicular
to the first data lines.

This LCD device may further include a first gate driving
circuit provided at a lateral side of the low-resolution area and
extending in the length direction of the low-resolution area,
the first gate driving circuit supplying scanning signals to the
first gate lines.

The LCD device may further include a second gate driving
circuit provided at a lateral side of the high-resolution area
and extending in the same direction as the second data lines,
the second gate driving circuit supplying scanning signals to
the second gate lines.

Further, the LCD device may include a data driving circuit
for supplying image signals to the first data lines and the
second data lines and a wire for connecting the data driving
circuit to the first data lines.

According to another embodiment of the present invention,
there is provided a liquid crystal display (LCD) device com-
prising a display part that is divided into a plurality of display
regions, a plurality of light source parts each including a light
source for supplying light to a corresponding display region,
and a light source controller for controlling a supply of volt-
age to the light source parts to control operation of the light
source parts in response to control signals applied from an
exterior device.

Preferably, the display part is divided into the plurality of
display regions on the basis of resolution.

The display part may include a main display part of higher
resolution and a sub display part of lower resolution.

The plurality of the light source parts may include a main
light source part for supplying light to the main display part
and a sub light source part for supplying light to the sub
display part. Preferably, the main light source part includes
more light sources than the sub light source part.

The light sources of the main light source part may be
arranged in series or in parallel. Further, the light sources of
the main light source part and the sub light source part may be
light emitting diodes.

The LCD device may further include a plurality of power
supply parts for outputting a voltage necessary for the opera-
tion of the respective light source parts, wherein the light
source controller outputs a control signal capable of driving
the plurality of power supply parts.

The plurality of light source parts may be individually
provided at a top and a bottom of the display part.

Alternatively, the plurality of light source parts may be
individually provided to the left or right of the display part.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present invention can be
understood in more detail from the following descriptions
taken in conjunction with the accompanying drawings, in
which:

FIG. 1is an exploded perspective view schematically illus-
trating an LCD according to an embodiment of the present
invention.

FIG. 2A is a layout view of an LCD according to an
embodiment of the present invention.

FIG. 2B is a view showing pixels arranged in the LCD of
FIG. 2A.

FIG. 3 shows two views for comparing a pixel unit formed
in a low-resolution area with a pixel unit formed in a high-
resolution area of the LCD shown in FIG. 2B.

FIG. 4 is a layout view of a pixel unit in an LC panel of an
LCD according to an embodiment of the present invention.
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FIG. 5 is a cross-sectional view cut along the line V-V' of
FIG. 4.

FIG. 6 is a layout view of a driving circuit of an LCD
according to an embodiment of the present invention.

FIG. 7 is a layout view of a driving circuit of an LCD
according to another embodiment of the present invention.

FIG. 8 is a layout view of a pixel unit formed in an LC panel
of an LCD according to another embodiment of the present
invention.

FIG. 9 is a cross-sectional view cut along the line IX-IX' of
FIG. 8.

FIG. 10A is a layout view of an LC panel according to
another embodiment of the present invention.

FIG. 10B is a view enlarging a portion A of FIG. 10A.

FIG. 11A is a layout view of an LC panel according to
another embodiment of the present invention.

FIG. 11B is a view enlarging a portion A of FIG. 11A.

FIG. 12A is a layout view of an LC panel according to
another embodiment of the present invention.

FIG. 12B is a view enlarging a portion A of FIG. 12A.

FIG. 13 is a layout view of a driving circuit of an LCD
according to another embodiment of the present invention.

FIG. 14 is a block diagram of an LCD according to another
embodiment of the present invention.

FIG. 15 is an equivalent circuit view of a pixel unit of an
LCD according to another embodiment of the present inven-
tion.

FIG. 16 is a block diagram of a power supply part accord-
ing to an embodiment of the present invention.

FIG. 17A and FIG. 17B are views for comparing arrange-
ments of two main light sources respectively provided in two
LCDs according to an embodiment of the present invention.

FIG. 18 is an exploded perspective view schematically
illustrating an LCD according to another embodiment of the
present invention.

FIG. 19A and FIG. 19B are views for comparing arrange-
ments of two main light sources respectively provided in two
LCDs according to another embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention will be
described more fully hereinafter with reference to the accom-
panying drawings. The present invention may, however, be
embodied in different forms and should not be construed as
being limited to the embodiments set forth herein.

FIG. 1is an exploded perspective view schematically illus-
trating an LCD according to an embodiment of the present
invention.

Referring to FIG. 1, an LCD according to an embodiment
of the present invention includes an LC panel assembly 330
for displaying images using light, a backlight assembly 340
for producing light, a selective reflection film 347 provided
between the LC panel assembly 330 and the backlight assem-
bly 340, a mold frame 364 for receiving the LC panel assem-
bly 330, the selective reflection film 347, and the backlight
assembly 340 therein, and an upper chassis 361 and a lower
chassis 362 that surround and support the above-mentioned
elements.

The LC panel assembly 330 includes an L.C panel 300 for
exhibiting images, a driving chip 510, and a malleable circuit
board 550.

The LC panel 300 includes a thin film transistor (TFT)
panel 100 and a color filter panel 200 facing each other, and an
LC layer (not shown) interposed therebetween.
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The TFT panel is provided with a plurality of pixels (not
shown) arranged substantially in a matrix. The pixels are
defined by intersecting a plurality of gate lines (not shown)
extending in a row direction while being parallel to each
other, with a plurality of data lines (not shown) extending in a
column direction while being parallel to each other. Each
pixel is provided with a pixel electrode and a TFT (not shown)
connected to a gate line, a data line, and a pixel electrode.

The color filter panel 200 is provided with a plurality of red,
green, and blue (RGB) filters (not shown) capable of display-
ing desired colors using white light and produced by thin film
processes. The color filter panel 200 also includes a common
electrode opposite to the pixel electrodes of the TFT panel
100.

The voltages applied to the pixel electrodes and the com-
mon electrode align LC molecules in the LC layer, and the
polarization of the light supplied from the backlight assembly
340 is varied according to the orientations of the LC mol-
ecules.

The driving chip 510 is mounted on a first edge of the TFT
panel 100 to supply driving signals to the data lines and the
gate lines. The driving chip 510 may include more than one
chip, separately used for the gate lines and the data lines, or
only one chip supplying the driving signals to both the data
and gate lines. When the driving chip 510 is mounted on the
TFT panel 100, a chip on glass (COG) technique is used.

The malleable circuit board 550 is attached to a first end of
the TFT panel 100 in order to apply control signals to the
driving chip 510. The malleable circuit board 550 includes a
timing controller for controlling timing of the driving signals
oramemory for storing the data signals. The malleable circuit
board 550 is electrically connected to the TFT panel 100, with
an anisotropy conductive film interposed therebetween.

The backlight assembly 340 is provided under the LC panel
assembly 330 to supply a uniform light thereto.

The backlight assembly 340 includes a light source 344 for
producing light, a light guiding plate 342 for guiding a pro-
ceeding path of light, optical sheets 343 for dispersing the
incident light from the light guiding plate 342 uniformly, and
areflection plate 341 for reflecting light leaked from the light
guiding plate 342.

The light source 344 is placed on a side of the light guiding
plate 342 to emit light toward the light guiding plate 342.
Such a light source 344 may utilize a linear light source, such
as, for example, cathode fluorescent lamps (CCFLs) and
external electrode fluorescent lamps (EEFLs), as well as light
emitting diodes (LEDs), of which power consumption is rela-
tively low. Another malleable circuit board (not shown) is
attached to a side of the light source 344 to control it. In this
embodiment, the light source 344 is provided on only one side
of the light guiding plate 342 as mentioned above. Alterna-
tively, the light source 344 may be provided on both sides of
the light guiding plate 342. In addition, a plurality of light
sources may be provided under the light guiding plate 342. In
such a case, the light guiding plate 342 may be omitted.

The light guiding plate 342 has a light guiding pattern (not
shown) capable of directing the light toward a display region
of the LC panel 300.

The optical sheets 343 are provided between the light guid-
ing plate 342 and the LC panel 300. The optical sheets 343
disperse the incident light from the light guiding plate 342
uniformly and then supply the uniformly dispersed light to
the LC panel 300.

Meanwhile, the selective reflection film 347 is provided
between the LC panel assembly 330 and the backlight assem-
bly 340. This reflection film 347 reflects the ambient light
toward the L.C panel 300 when the light source 344 is turned
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off, in order for the images to be displayed on the display
region in the case when the light source 344 is off. This is
possible because the reflection film 347 is designed to trans-
mit and reflect light, selectively. That is, when the light source
344 is turned on, the reflection film 347 transmits the incident
light from the backlight assembly 340 and supplies it to the
LC panel 300. Conversely, when the light source 344 is turned
off, the reflection film 347 reflects the ambient light entering
through the LC panel 300, toward the LC panel 300, in order
for the images to be displayed on the display region.

The reflection plate 341 is provided under the light guiding
plate 342. The light leaked from the light guiding plate 342 is
reflected by this reflection plate 341 and returned toward the
light guiding plate 342, thereby improving light efficiency.

The mold frame 364 receives, in order, the reflection plate
341, the light guiding plate 342, the optical sheets 343, and
the LC panel 300. The mold frame 364, including resin plas-
tics, is provided with an open bottom 251 and sidewalls 252
extending from the bottom 251.

The malleable circuit board 550 is curved along an outer
portion of the sidewalls 252 of the mold frame 364. A plural-
ity of first protrusions 51 are formed on the outer portion of
the sidewalls 252 of the mold frame 364, which are combined
with the lower chassis 362.

The lower chassis 362, including a metallic material,
defines a space for accommodating the mold frame 364
therein. The lower chassis 362 includes a bottom 261 and
sidewalls 262 extending upward from the bottom 261. A
plurality of grooves 61 are formed on the sidewalls 262 ofthe
lower chassis 362, which are combined with the protrusions
51 of the mold frame 364.

When the mold frame 364 is combined with the lower
chassis 362, part of the sidewalls 262 of the lower chassis 362
are placed on the outer portion of the sidewalls 252 of the
mold frame 364, and each of the first protrusions 51 is
inserted through the respective grooves 61 of the lower chas-
sis 362. At this time, it is preferable to form portions of the
mold frame 364 that contact the sidewalls 262 of the lower
chassis 362, such that the mold frame is depressed by an
amount equal to about a thickness of the sidewalls 262.

The upper chassis 361 is provided above the LC panel 300.
When the upper chassis 361 is assembled with the lower
chassis 362, an effective display region of the LC panel 300
where the image display is realized is kept in an open state.
The upper chassis 361 guides a position of the L.C panel 300
and then fixes the L.C panel in the mold frame 364.

The LC panel 300 according to an embodiment of the
present invention will be described with reference to FIGS.
2A and 2B, and FIG. 3.

FIG. 2A is a layout view of an LCD according to an
embodiment of the present invention and FIG. 2B is a view
showing pixels arranged in the LCD of F1G. 2A. FIG. 3 shows
two views for comparing a pixel unit formed in a low-reso-
lution area with a pixel unit formed in a high-resolution area
of the LCD shown in FIG. 2B.

Referring to FIG. 2A and FIG. 2B, a driving chip 510 is
mounted under an LC panel 300, and a display region of the
LC panel 300 is divided into a low-resolution area and a
high-resolution area.

Each pixel formed in the low-resolution area is four times
as large as a pixel formed in the high-resolution area. The
low-resolution area is used as an auxiliary display part for
displaying fixed patterns, such as time, antenna sensitivity,
the remaining battery capacity or the like, in, for example,
mobile technologies.

The high-resolution area is used as a main display part for
displaying various and detailed images.
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Referring to FIG. 3, the pixel unit of the low-resolution
area is four times as large as the pixel unit of the high reso-
lution area, but the size of wires, such as gate lines 121 and
data lines 171, and TFTs are the same in the two areas.
Accordingly, an aperture ratio of the low-resolution area is
higher than that of the high-resolution area. For example, a
1.8-inch LCD panel having a resolution of 128x160 exhibits
an apetrture ratio of about 53%. When, like the low resolution
area, the pixel size increases four times as large as that of the
1.8-inch LCD panel having the resolution of 128x160, the
aperture ratio increases to about 76%. That is, the aperture
ratio in the lower-resolution area is increased by about 43%
compared to that in the higher-resolution area.

Although the light reflected by the selective reflection film
347 is exclusively used for the image display when the light
source 344 of FIG. 1 s turned off, good quality image display
can be realized due to the increased aperture ratio.

If a selective reflection film 347 was used in conventional
LCDs, it would be difficult to represent the desired images
accurately when the light source 344 was turned off, since
light efficiency in that case is too low. Whereas, when each
pixel formed in an image display area has a large dimension,
as in an embodiment of the present invention, good quality
image display becomes possible using only the selective
reflection film 347 when the light source 344 is turned off in
order to reduce the power consumption.

For example, in LCDs employed in mobile units, the back-
lights are turned on only when the mobile units are used to
reduce power consumption. However, information about time
or remaining power, for example, should be continuously
displayed in order to confirm them at any time. For this
reason, a proposed technique is to divide the display region of
the LC panel into a low-resolution area and a high-resolution
area. In this case, the low-resolution area displays informa-
tion that should be displayed all the time, while the high-
resolution area displays other information connected with the
actual use of the mobile unit. Such an LCD allows some
primary information to be displayed even when the light
source is turned off in order to save power.

In this embodiment, each pixel formed in the low-resolu-
tion area is configured to have a dimension corresponding to
a 2x2 matrix, namely, four times the size of a pixel formed in
the high resolution area, but such a dimension may be altered
as necessary.

Hereinafter, the structure of the LC panel 300 (shown in
FIG. 1) will be described in more detail. The pixels of the
high-resolution area and the low-resolution area have the
same structure, except for their dimensions.

FIG. 4 is a layout view of a pixel unit in an LC panel of an
LCD according to an embodiment of the present invention
and F1G. 5is a cross-sectional view cut along V-V' of FIG. 4.

The TFT panel 100 is configured as below.

A plurality of gate lines 121 are formed on an insulating
substrate 110 and transmit gate signals. Each gate line 121
extends substantially in a horizontal direction, and includes a
plurality of gate electrodes 124, and an end portion 125 hav-
ing a relatively large dimension to be connected to an external
device. The gate lines 121 are disposed on the display region
except for the end portions 125 thereof, which are positioned
around the display region. In the case that a gate driving
circuit is directly integrated into the TFT panel 100, the
enlarged end portions 125 may be omitted.

The gate lines 121 include two layers having different
physical properties, i.e., an upper layer 121¢ and a lower layer
121p. The upper layer 121¢q comprises a low resistivity metal,
for example, an aluminum (Al) containing metal, such as Al
and Al alloy, in order to reduce delay of gate signals and
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voltage drop. The lower layer 121p comprises a material
having prominent physical, chemical, and electrical contact
properties with other materials, particularly indium tin oxide
(ITO) and indium zinc oxide (I1ZO). For example, Mo, Mo
alloy (for example, MoW), Cr, Ta, or Ti, may be used for the
formation of the lower layer 121p. A preferred example of the
combination of the two layers is a lower Cr layer and an upper
AlNd layer. In FIG. 5, a lower layer and an upper layer of the
gate electrode 124 are individually represented as 124p and
1244. Further, each end portion 125 of the gate lines 121
includes two layers, a lower layer 125p and an upper layer
1254.

The sides of the lower layer 121p and the upper layer 121¢
slope by about 30° to about 80° with respect to the surface of
the substrate 110.

A gate insulating layer 140 comprising, for example,
nitride silicon (SiNx), is formed on the gate lines 121.

A plurality of semiconductors 150 comprising, for
example, hydrogenated amorphous silicon, abbreviated as
“a-S1”, are formed on the gate insulating layer 140. Each
semiconductor 150 is formed substantially on the gate elec-
trode 124, covering a wide region including the gate electrode
124.

A plurality of island-shaped ohmic contacts 163 and 165
are individually formed on the semiconductors 150, and com-
prise, for example, silicide or N+ hydrogenated amorphous
silicon, highly doped with N-type impurities. A set of the
island-shaped ohmic contacts 163 and 165 are placed on the
semiconductors 150.

The sides of the semiconductors 150 and the ohmic con-
tacts 163 and 165 slope by about 30° to about 80° with respect
to the surface of the substrate 110.

A plurality of data lines 171 and a plurality of drain elec-
trodes 175 are formed on the ohmic contacts 163 and 165 and
the gate insulating layer 140.

The data lines 171 extend substantially in a vertical direc-
tion to be crossed with the gate lines 121 and transmit data
voltage. Each data line 171 includes an end portion 179 hav-
ing a relatively large dimension to be connected to an external
device. The data lines 171 are disposed on the display region
except for the end portions 179 thereof, which are positioned
around the display region.

Each data line 171 includes a plurality of source electrodes
173 protruding therefrom and corresponding to respective
drain electrodes 175, and each having the shape of a branch.
A setofthedrain electrodes 175 and the source electrodes 173
are separated from each other and face each other. The gate
electrode 124, the source electrode 173, the drain electrode
175, and the semiconductor 150 form a TFT, and a TFT
channel is formed at the semiconductor 150 provided
between the source electrode 173 and the drain electrode 175.

Each data line 171 and each drain electrode 175 also have
the double-layered structure. Lower layers 171p and 175p
comprise, for example, Mo, Cr, Ta, Ti or alloys thereof, and
upper layers 171¢ and 175¢ comprise, for example, a metallic
material such as an Al containing metal or an Ag containing
metal. Each end portion 179 of the data lines 171 has an upper
layer 1794 and a lower layer 179p.

Similar to the gate lines 121, the sides of the lower layers
171p and 175p and the upper layers 1714 and 175¢ of the data
lines 171 and the drain electrodes 175 also slope by about 30°
to about 80° with respect to the surface of the substrate 110.

The ohmic contacts 163 and 165 are interposed between
the underlying semiconductors 150 and the overlying data
lines 171 and between the underlying semiconductors 150
and the overlying drain electrodes 175, in order to reduce
contact resistance therebetween.
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A passivation layer 180 is formed on the data lines 171, the
drain electrodes 175, and the exposed areas of the semicon-
ductors 151. The passivation layer 180 preferably comprises
a photosensitive organic material having prominent pla-
narization properties, an insulating material having a rela-
tively low dielectric constant of below 4.0, such as, for
example, a-Si:C:O or a-Si:O:F, which are produced by
plasma enhanced chemical vapor deposition (PECVD), or an
inorganic material such as, for example, SiN,.

The passivation layer 180 has a plurality of contact holes
185 and 189, through which the end portions 179 of the data
lines 171 and drain electrodes 175 are exposed, respectively.
A plurality of contact holes 182 are formed to penetrate the
passivation layer 180 and the gate insulating layer 140,
through which the enlarged end portions 125 of the gate lines
121 are exposed.

A plurality of pixel electrodes 190 and a plurality of contact
assistants 906 and 908, comprising a transparent conductive
material such as, for example, I[TO or IZ0, are formed on the
passivation layer 180.

The pixel electrodes 190 are physically and electrically
connected to the drain electrodes 175 through the contact
holes 185 to receive data voltages from the drain electrodes
175.

The pixel electrodes 190 are overlapped with the adjacent
gate line 121 and the adjacent data line 171 to increase the
aperture ratio, but they are not overlapped with each other.

The contact assistants 906 and 908 are individually con-
nected to the end portions 125 of the gate lines 121 and the end
portions 179 of the data lines 171 through the contact holes
182 and 189. The contact assistants 906 and 908 supplement
adhesion between the enlarged end portions 125 and 179 and
the exterior devices, and protect the end portions 125 and 179.
The contact assistants may be omitted in some cases.

The color filter panel 200 is configured as below, as shown
in FIG. 5.

A black matrix 220 is formed on an insulating substrate
210, and a plurality of color filters 230 are formed thereon.
The respective color filters 230 are provided at each pixel unit
and are defined by the black matrix 220. Red, green, and blue
(RGB) color filters are used. A region having no color filter
may be formed on the color filter panel 200 or white color
filters made of transparent resin may be additionally used.

A common electrode 270 comprising a transparent con-
ductive material such as, for example, ITO or IZO, is formed
on the color filters 230.

A liquid crystal layer 3 is interposed between the TFT
panel 100 and the color filter panel 200, and includes twisted
nematic liquid crystal molecules.

This embodiment uses the twisted aligned liquid crystal
molecules. However, it is also possible to use the liquid crys-
tal molecules aligned vertically or parallel with respect to the
two panels 100 and 200, while being parallel to each other.

A lower polarizer 12 and an upper polarizer 22 are respec-
tively provided on the outer surfaces of the two panels 100
and 200.

In the LCD according to the present embodiment, when a
common voltage is applied to the common electrode 270 of
the color filter panel 200 while an image signal voltage is
applied to the pixel electrode 190 through the data line 171, an
electric field is generated between the two electrodes, so that
the orientations of the liquid crystal molecules interposed
between the two electrodes are varied.

Also, a set of the pixel electrode 190 and the common
electrode 270 serves as a capacitor capable of storing the
applied voltage even after the TFT is turned off. This capaci-
tor is referred to as a “liquid crystal capacitor”. To enhance the
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voltage storage ability, a “storage capacitor” may be further
provided, which is connected to the liquid crystal capacitor in
parallel. To form such a storage capacitor, storage electrode
lines (not shown) may be formed on the same layer as the gate
lines 121.

In the embodiments according to the present invention, the
display region in the LC panel 300 is divided into a high-
resolution area and a low-resolution area as mentioned above.
A method for driving the two areas will be described below.

FIG. 6 is a layout view of a driving circuit of an LCD
according to an embodiment of the present invention and FIG.
7 is a layout view of a driving circuit of an LCD according to
another embodiment of the present invention.

First, referring to FIG. 6, a driving chip 510 is mounted on
an LC panel 300, a gate driver 411 for driving the low-
resolution area is provided at the left of the low-resolution
area, and a gate driver 412 for driving the high-resolution area
is provided at the right of the high-resolution area. Here, the
gate drivers 411 and 412 may be mounted on the correspond-
ing areas of a TFT panel 100 in the shape of chips, or may be
directly integrated into the corresponding areas.

The TFT panel 100 includes gate lines 121a of the low-
resolution area and 1214 of the high-resolution area. Data
lines 171a (e.g., even lines) are insulated from, and inter-
sected with, all of the gate lines 1214 and 1215, while data
lines 1715 (eq., odd lines) are insulated from, and intersected
with, only the gate lines 1215 of the high-resolution area. In
this structure, an interval between two adjacent gate lines
121a formed in the low-resolution area is twice as large as an
interval between two adjacent gate lines 1215 formed in the
high-resolution area.

In such a configured LCD according to an embodiment of
the present invention, in order to display images only at the
low-resolution area, driving signals may be applied only to
the gate driver 411 of the low-resolution area, and not to the
gate driver 412 of the high-resolution area. As a result, the
data lines 171 supply necessary image signals only to the data
lines 171a that traverse the two resolution areas.

Next, referring to FIG. 7, a gate driver 410 is provided at the
left of the low-resolution area and the high-resolution area,
traversing the two areas. Here, the gate driver 410 may be
mounted ona TFT panel 100 in the shape of a chip, or may be
directly integrated into the TFT panel 100.

In such a configured LCD according to an embodiment of
the present invention, when the high-resolution area receives
only gate-off signals continuously while the low-resolution
area receives gate-on and -off signals, image display is real-
ized only at the low-resolution area. In this case, the data lines
171 supply necessary image signals only to the data lines
171a that traverse the two resolution areas.

According to the above-described embodiments, no driv-
ing signal or only the gate-off signals are applied to the
high-resolution area, in order to display the images only atthe
low resolution area. However, it is also possible to apply the
gate-on and -off signals to the high-resolution area.

The embodiments of the present invention are applicable to
transflective type LCDs.

A transflective LCD applying the embodiments of the
present invention has the same structure as FIG. 1, except that
the selective reflection film 347 is eliminated.

Similarto FIG. 2A through F1G. 3, an LCD panel 300 of the
transflective LCD is also divided into a low-resolution area
and a high-resolution area, and each pixel unit of the low-
resolution area is larger than that of the high-resolution area.

The transflective LCD applying the embodiments of the
present invention will be described with reference to FIG. 8
and FIG. 9.
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FIG. 8 is alayout view of a pixel unit formed in an L.C panel
of an LCD according to another embodiment of the present
invention and FIG. 9 is a cross-sectional view cut along IX-
IX' of FIG. 8.

A TFT panel 100 according to the present embodiment is
configured as below.

A plurality of gate lines 121 are formed on an insulating
substrate 110 and transmit gate signals. Each gate line 121
extends substantially in a horizontal direction, and includes a
plurality of gate electrodes 124, and an end portion 125 hav-
ing a relatively large dimension to be connected to an external
device. The gate lines 121 are disposed on the display region
except for the end portions 125 thereof, which are positioned
around the display region. In the case that a gate driving
circuit is directly integrated into the TFT panel 100, the
enlarged end portions 125 may be omitted.

The gate lines 121 include two layers having different
physical properties, i.e., anupperlayer 121¢ and a lower layer
121p. The upper layer 121¢g comprises a low resistivity metal,
for example, an aluminum (Al) containing metal, such as Al
and Al alloy, in order to reduce a delay of the gate signals and
a voltage drop. The lower layer 121p comprises a material
having prominent physical, chemical, and electrical contact
properties with other materials, particularly indium tin oxide
(ITO) and indium zinc oxide (IZO). For example, Mo, Mo
alloy (for example: MoW), Cr, Ta, or Ti, may be used for the
formation of the lower layer 121p. A preferred example of the
combination of the two layers is a lower Cr layer and an upper
AlNd layer. In F1G. 9, a lower layer and an upper layer of the
gate electrode 124 are individually represented as 124p and
124q. Further, each end portion 125 of the gate lines 121
includes two layers, a lower layer 125p and an upper layer
125¢.

The sides of the lower layer 121p and the upper layer 121¢
slope by about 30° to about 80° with respect to the surface of
the substrate 110.

A gate insulating layer 140 comprising, for example,
nitride silicon (SiNx), is formed on the gate lines 121.

A plurality of semiconductors 150 comprising, for
example, hydrogenated a-Si, are formed on the gate insulat-
ing layer 140. Each semiconductor 150 is formed substan-
tially on the gate electrode 124, covering a wide region
including the gate electrode 124.

A plurality of island-shaped ohmic contacts 163 and 165
are individually formed on the semiconductors 150, and com-
prise, for example, silicide or N+ hydrogenated a-Si, highly
doped with N-type impurities. A set of the island-shaped
ohmic contact 163 and 165 are placed on the semiconductor
150.

The sides of the semiconductors 150 and the ohmic con-
tacts 163 and 165 slope by about 30° to about 80° with respect
to the surface of the substrate 110.

A plurality of data lines 171 and a plurality of drain elec-
trodes 175 are formed on the ohmic contacts 163 and 165 and
the gate insulating layer 140.

The data lines 171 extend substantially in a vertical direc-
tion to be crossed with the gate lines 121 and transmit data
voltage. Fach data line 171 includes an end portion 179 hav-
ing a relatively large dimension to be connected to an external
device. The data lines 171 are disposed on the display region
except for the end portions 179 thereof, which are positioned
around the display region.

Each data line 171 includes a plurality of source electrodes
173 protruding therefrom and corresponding to respective
drain electrodes 175, each having the shape of a branch. A set
of the drain electrodes 175 and the source electrodes 173 are
separated from each other and face each other. The gate
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electrode 124, the source electrode 173, the drain electrode
175, and the semiconductor 150 form a TFT, and a TFT
channel is formed at the semiconductor 150 provided
between the source electrode 173 and the drain electrode 175.

Each data line 171 and each drain electrode 175 also have
the double-layered structure. Lower layers 171p and 175p
comprise, for example, Mo, Cr, Ta, Ti or alloys thereof, and
upper layers 171¢g and 1754 comprise, for example, a metallic
material such as an Al containing metal or an Ag containing
metal. Each end portion 179 of the data lines 171 has an upper
layer 179¢ and a lower layer 179p.

Similar to the gate lines 121, the sides of the lower layers
171p and 175p and the upper layers 171¢ and 175¢ of the data
lines 171 and the drain electrodes 175 also slope by about 30°
to about 80° with respect to the surface of the substrate 110.

The ohmic contacts 163 and 165 are interposed between
the underlying semiconductors 150 and the overlying data
lines 171 and between the underlving semiconductors 150
and the overlying drain electrodes 175, in order to reduce
contact resistance therebetween.

A passivation layer 180 is formed on the datalines 171, the
drain electrodes 175, and the exposed areas of the semicon-
ductors 151. The passivation layer 180 preferably comprises
a photosensitive organic material having prominent pla-
narization properties, an insulating material having a rela-
tively low dielectric constant of below about 4.0, such as, for
example, a-Si:C:O or a-Si:O:F, which are produced by
plasma enhanced chemical vapor deposition (PECVD), or an
inorganic material such as, for example, SiN,.

The passivation layer 180 has a plurality of contact holes
185 and 189, through which the end portions 179 of the data
lines 171, and the drain electrodes 175 are exposed, respec-
tively. A plurality of contact holes 182 are formed to penetrate
the passivation layer 180 and the gate insulating layer 140,
through which the enlarged end portions 125 of the gate lines
121 are exposed.

A plurality of transparent electrodes 192 and a plurality of
contact assistants 906 and 908, comprising a transparent con-
ductive material such as, forexample, ITO or IZO, are formed
on the passivation layer 180.

A plurality of reflective electrodes 194 are individually
formed on the transparent electrodes 192, and comprise a
conductive material having good reflection property, such as,
for example, Ag. Fach reflective electrode 194 has a trans-
mission window 195, where light is freely transmitted.

A set of the transparent electrodes 192 and the reflective
electrodes 194 may serve as a pixel electrode 190, and each
reflective electrode 194 may serve as a reflective film for
reflecting light.

The transparent electrodes 192 are physically and electri-
cally connected to the drain electrodes 175 through the con-
tact holes 185 to receive data voltages from the drain elec-
trodes 175.

The contact assistants 906 and 908 are individually con-
nected to the end portions 125 of the gate lines 121 and the end
portions 179 of the data lines 171 through the contact holes
182 and 189. The contact assistants 906 and 908 are supple-
ment adhesion between the enlarged end portions 125 and
179 and the exterior devices, and protect the end portions 125
and 179. The contact assistants may be omitted.

The color filter panel 200 is configured as below, as shown
in FIG. 9.

A black matrix 220 is formed on an insulating substrate
210, and a plurality of color filters 230 are formed thereon.
The respective color filters 230 are provided at each pixel umt
and defined by the black matrix 220. Red, green, and blue
(RGB) color filters are used. A region having no color filter
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may be formed on the color filter panel 200 or white color
filters comprising transparent resin also may be used.

A common electrode 270 comprising a transparent con-
ductive material such as, for example, ITO or IZ0O, is formed
on the color filters 230.

A liquid crystal layer 3 is interposed between the TET
panel 100 and the color filter panel 200, and includes twisted
nematic liquid crystal molecules.

This embodiment uses the twisted aligned liquid crystal
molecules. However, it is also possible to use the liquid crys-
tal molecules aligned vertically or parallel with respect to the
two panels 100 and 200, while being parallel to each other.

A lower polarizer 12 and an upper polarizer 22 are indi-
vidually provided on the outer surfaces of the two panels 100
and 200, respectively.

The transflective LCD may be used in the reflective mode,
reflecting ambient light toward the LCD when the ambient
light has a high brightness suitable for the image display.
However, in the case where the ambient light has insufficient
brightness, the reflective mode is converted to the transmis-
sive mode, using the light emitted from the backlight for the
image display.

When the backlight is turned off to save power in such a
transflective LCD, the low-resolution area is operated in the
reflective mode, so that necessary information of a fixed
pattern can be displayed at all times, regardless of the opera-
tion of the backlight.

The driving circuit or the driving chip of the transflective
LCD having the two different resolution areas may be
arranged as shown FIG. 6 and FIG. 7, and a driving method
thereof is equivalent to the previously illustrated method.

FIG. 10A is a layout view of an LC panel according to
another embodiment of the present invention and FIG. 10B is
a view enlarging a portion A of FIG. 10A.

Referring to FIG. 10A and FIG. 10B, an LCD of this
embodiment includes a high-resolution area and a low-reso-
lution area. In the high-resolution area, R, G, and B color
filters are alternately provided at each pixel for color display.
In the low-resolution area, color filters are not provided or W
(white) color filters, comprising, for example, a transparent
photoresist film or the like, are provided at each pixel to
exhibit black and white. Here, a pixel formed in the low-
resolution area is three times as large as a pixel formed in the
high-resolution area.

As explained above, when the area of a pixel formed in the
low-resolution area is larger than the area of a pixel formed in
the high-resolution area, for example, the area of a pixel in the
low-resolution area is equal to the sum area of three pixels
formed in the high-resolution area, and color filters are not
provided or white color filters only are provided in the low-
resolution area, light efficiency of the low-resolution area
increases since the aperture ratio of the pixels increases and
light absorption caused by the RGB color filters is not genet-
ated. Without the RGB color filters, the light transmittance
increases almost three times and the aperture ratio also
increases. Accordingly, according to the present embodi-
ment, the low-resolution area obtains light efficiency approxi-
mately four times higher than that of the high-resolution area.

A set of R, G, and B pixels formed in the high-resolution
area, each being represented as a dot, corresponds to a pixel
formed in the low-resolution area, and therefore a matrix of
such sets formed in the high-resolution area corresponds to a
matrix of pixels formed in the low-resolution area. Accord-
ingly, all pixels formed in the low-resolution area can receive
image signals from the data lines, which traverse the two
areas and supply image signals to the green pixels G formed
in the high-resolution area.
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In this structure, according to an embodiment of the present
invention, when the data lines connected to the green pixels G
of the high-resolution area are connected to the pixels of the
low-resolution area, the low-resolution area can exhibit black
and white without any particular variation of the driving
method or any image processing.

Further, as shown in FIG. 6, when the gate driver 412 for
driving the high-resolution area and the gate driver 411 for
driving the low-resolution area are respectively provided to
drive the two areas separately, and the data driving chip 510 is
only operated in the still mode in order for the image display
to be realized only at the low-resolution area, power saving is
possible by a factor of about 90%.

FIG. 11A is a layout view of an LC panel according to
another embodiment of the present invention and FIG. 11B is
a view enlarging a portion A of FIG. 11A.

Referring to FIG. 11A and FIG. 11B, an LCD of this
embodiment is divided into a high-resolution and a low-
resolution area. The low-resolution area is further divided
into two areas, an area having red color filters R and an area
having blue filters B. In the high-resolution area, R, G, and B
color filters are alternately provided at each pixel to realize
color display. Here, a pixel formed in the low-resolution area
is three times as large as a pixel formed in the high-resolution
area.

Inthis structure, the R, G, and B color filters may be formed
all over the low-resolution area. Alternatively, after the low-
resolution area is divided into the areas as shown in FIG. 11B,
different color filters may be formed at each area.

The low-resolution area may exhibit different colors
according to a kind of information, for example, in time
information may be blue, antenna information may be green,
and the battery charging state may be red.

FIG. 12A is a layout view of an LC panel according to
another embodiment of the present invention and FIG. 12B is
a view enlarging a portion A of FIG. 12A.

Referring to FIG. 12A and FIG. 12B, an LCD of this
embodiment is divided into a high-resolution and a low-
resolution area. The low-resolution area is divided into two
areas. In one area, each pixel is provided with a red color filter
R and a blue filter B, each occupying a half of the pixel. Inthe
other area, each pixel is provided with a green color filter G
and a blue filter B, each occupying a half of the pixel. In the
high-resolution area, R, G, and B color filters are alternately
provided at each pixel to realize the color display. Here, a
pixel formed in the low-resolution area is three times as large
as a pixel formed in the high-resolution area.

A method for realizing color display in the low-resolution
area is to display different colors in the respective areas after
dividing the low-resolution area into more than three areas.
Another method is to display only one color all over the
low-resolution area. Further, as shown in FIG. 11B, a mono-
chrome area may be included in the low-resolution area.

The above-mentioned methods enable, for example, the
displayed images in the low-resolution area to have colors
different from the primary colors (i.e., red, green and blue).
For example, when the color filters are disposed as shown in
FIG. 12B, a left portion of the low-resolution area exhibits
violet V, while a right portion exhibits sky blue S.

FIG. 13 is a layout view of a driving circuit of an LCD
according to another embodiment of the present invention.

Referring to FIG. 13, data lines 1714 of a low-resolution
area and data lines 1715 of a high-resolution area are formed
in different ways. In detail, the data lines 1715 of the high-
resolution area extend in a vertical direction and the data lines
171a of the low-resolution area extend in a horizontal direc-
tion to be perpendicular to the data lines 1715. Accordingly,
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an access-from part 792 of the data line 1715 is provided at a
lowermost portion of the high-resolution area to be connected
to the data driver 510, while an access-from part 791 of the
data line 171a is provided at the right of the low-resolution
area.

The access-from part 791 of the low-resolution area and the
access-from part 792 of the high-resolution area receive
image signals from the data driver 510 through wires 511a
and 5115 separately provided.

Gate lines 121a of the low-resolution area extend in a
vertical direction to be perpendicular to the data lines 171a,
and gate lines 1215 of the high-resolution area extend in a
horizontal direction to be perpendicular to the data lines 17154.
Accordingly, a gate driver 411 of the low-resolution area is
provided at a top of the low-resolution area, while a gate
driver 412 of the high-resolution area is provided at the left of
the high-resolution area. Here, the gate drivers 411 and 412
may be individually mounted on each corresponding area of
a'TFT panel 100, having the shape of chips, or may be directly
integrated into each corresponding area.

The low-resolution area of this embodiment is shaped as a
horizontally long band, and the data lines 171a are formed in
a length direction of the low-resolution area, namely, in a
horizontal direction. Accordingly, the number of the data
lines 171a allowable in this low-resolution area is less than
that when they are formed in a width direction of the low-
resolution area, namely, in a vertical direction. For example,
in an LCD having the resolution of 128x160, when the data
lines 171a of the low-resolution area are formed in a width
direction, an allowable number of the data lines 171ais 128x3
within such an area. Conversely, when the data lines 171a are
formed in a length direction of the low-resolution area as in
the present embodiment, an allowable number of the data
lines 171a is 32 (obtained by subtracting 128 from 160). In
this case, however, the number of the gate lines 121a
increases.

When the number of the data lines 171a of the low-reso-
lution area is reduced as mentioned in the above, the number
of the wires 51 la for connecting the data driver 510 to the
access-from part 791 of the low-resolution area is also
reduced. In view of design, such a reduction of the wires 511a
facilitates an arrangement of the wires.

Meanwhile, even if the number of the gate lines 121a
increases, the number of the wires 512a for connecting the
data driver 510 to the gate driver 411 is nevertheless
unchanged, since the gate driver 411, for supplying scanning
signals to the gate lines 121a, is provided at the top of the
low-resolution area and a kind of signals applied to the gate
driver 411 through the data driver 510 is unchanged, regard-
less of the change of the number of gate lines 121a.

As mentioned in the above, in accordance with embodi-
ments of the present invention, a low-resolution area and a
high-resolution area are formed in the LCD panel and some
information of fixed patterns that need displaying at all times,
are displayed in the low resolution area of the two areas.

Accordingly, the present invention allows certain types of
information to be displayed at all times, while power con-
sumption is reduced.

Some margin in a manufacturing process can be expected
by adopting gate drivers capable of separately driving the
high-resolution area and the low-resolution area, with effi-
ciently designed wires.

An LCD according to another embodiment of the present
invention will be described in detail with reference to FIG. 1,
FIG. 14, and FIG. 15.

FIG. 14 is a block diagram of an LCD according to another
embodiment of the present invention and FIG. 15 is an
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equivalent circuit view of a pixel unit of an LCD according to
another embodiment of the present invention.

Referring to FIG. 1 again, an LCD includes an LC panel
assembly 330 for displaying images using light, a backlight
assembly 340 for producing light, a selective reflection film
347 provided between the LC panel assembly 330 and the
backlight assembly 340, a mold frame 364 for receiving the
LC panel assembly 330, the selective reflection film 347, and
the backlight assembly 340 therein, and an upper chassis 361
and a lower chassis 362 that surround and support the above-
mentioned elements.

The LC panel assembly 330 includes an LC panel 300, a
driving chip 510, and a malleable circuit board 550.

The LC panel 300 includes a lower panel 100 and an upper
panel 200 facing each other, and an LC layer (not shown)
interposed therebetween.

Referring to FIG. 14, the lower panel 100 includes a plu-
rality of display signal lines G,-G,, and D,-D,,. The lower
panel 100 and the upper panel 200 include a plurality of pixels
connected to the display signal lines G,-G,, and D,-D,, and
arranged substantially in a matrix.

The display signal lines G,-G,, and D,-D,, include a plu-
rality of gate lines G -G, for transmitting gate signals (also
referred to as “scanning signals™), and a plurality of data lines
D,-D,, for transmitting data signals. The gate lines G,-G,
extend substantially in a row direction and substantially par-
allel to each other, while the data lines D, -D,, extend sub-
stantially in a column direction and substantially parallel to
each other.

Each pixel includes a switching element Q that is con-
nected to the display signal lines G,-G, and D;-D,,, and an
LC capacitor C, . and a storage capacitor C;- that are con-
nected to the switching element Q. The storage capacitor C
may be omitted.

The switching element Q, such as a thin film transistor
(TFT), is provided on the lower panel 100 and has three
terminals: a control terminal connected to one ofthe gate lines
G,-G,,; an input terminal connected to one of the data lines
D,-D,,; and an output terminal connected to both of the LC
capacitor C, . and the storage capacitor Cg,.

As shown in FIG. 15, the LC capacitor C, ~includes a pixel
electrode 190, provided on the lower panel 100, and a com-
mon electrode 270, provided on the upper panel 200, as two
terminals. The LC layer 3 interposed between the two elec-
trodes 190 and 270 functions as a dielectric of the L.C capaci-
tor C, .. The pixel electrode 190 is connected to the switching
element Q, and the common electrode 270 is supplied with a
common voltage V.. and covers the entire surface of the
upper panel 200. Differing from FIG. 15, the common elec-
trode 270 may be is provided on the lower panel 100. In this
case, at least one of the pixel electrode 190 and the common
electrode 270 may be shaped as a bar or a stripe.

The storage capacitor Cg1s an auxiliary capacitor for the
LC capacitor C; .. When the pixel electrode 190 and a sepa-
rate signal line (not shown), which is provided on the lower
panel 100, are overlapped with each other, with an insulator
interposed therebetween, the overlapped portion becomes the
storage capacitor Cg;. The separate signal line is supplied
with a predetermined voltage such as the common voltage
V om- Alternatively, the storage capacitor Cg, may be formed
by overlapping of the pixel electrode 190 and a previous gate
line that is placed directly before the pixel electrode 190, with
an insulator interposed therebetween.

For color display, each pixel must exhibit a color. This is
possible when each pixel includes a color filter 230 capable of
exhibiting one of the primary colors, red, green, and blue, in
an area of the upper panel 200 corresponding to the pixel
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electrode 190. In FIG. 14, the color filter 230 is provided on
the upper panel 200, but it may be provided on or under the
pixel electrode 190 of the lower panel 100.

A polarizer (not shown) is provided on at least one outer
surface of the two panels 100 and 200 of'the LC panel 300 for
polarizing the light emitted from the two-dimensional light
source units.

The gate drivers 400 are individually connected to the gate
lines G,-G, for transmitting the gate signals, consisting of
combinations of the gate-on voltage V,, and the gate-off
voltage V,,»input from an external device, to the gate signal
lines G,-G,,. The gate drivers 400 are integrated into the lower
panel 100 with the switching element Q and the display signal
lines G,-G,, and D,-D,,.

The driving chip 510 s directly mounted on the lower panel
100 of the LC panel 300, having the shape of an IC chip, as
shown in FIG. 1, and includes a signal controller 600, a data
driver 500 connected to the signal controller 600, and a gray
voltage generator 800 connected to the data driver 500.

The gray voltage generator 800 generates two sets of a
plurality of gray voltages related to the transmittance of the
pixels. The gray voltages in one set have positive polarity with
respect to the common voltage v, while those of the other
set have negative polarity with respect to the common voltage
Vieom-

The data driver 500 is connected to the data lines D, -D, of
the LC panel 300 for transmitting the data voltages, which are
selected from the gray voltages supplied from the gray volt-
age generator 800, to the data signal lines D;-D,,,.

The signal controller 600 controls the operation of the gate
driver 400 or the data driver 500.

The backlight assembly 340 is provided under the LC panel
assembly 330 for offering a uniform light to the LC panel 300.

The backlight assembly 340 includes a light source part
344 for producing light, a light guiding plate 342 for guiding
a proceeding path of light, optical sheets 343 for uniformly
dispersing the light input from the light guiding plate 342, a
reflection plate 341 for reflecting light leaked from the light
guiding plate 342, a light source controller 348 connected to
the signal controller 600, and a power supply part 349 con-
nected to the light source controller 348 and the light source
part 344.

The light source part 344 includes a main light source 3441
and a sub light source 3442, which are placed on two sides of
the light guiding plate 342 to emit light toward the light
guiding plate 342 (see FIG. 18). The main light source 3441
and sub light source 3442 may freely exchange their loca-
tions. This light source part 344 may utilize light emitting
diodes (LEDs), of which power consumption is relatively
low, or fluorescent lamps such as, for example, cold cathode
fluorescent lamps (CCFLs) or external electrode fluorescent
lamps (EEFLs). The number of the LEDs may be controlled.

The light source controller 348 controls the operation of
the power supply part 349 in response to control signals from
the signal controller 600.

The power supply part 349 supplies a driving voltage to the
light source part 344 according to the operation of the light
source controller 348.

The light guiding plate 342 has a light guiding pattern (not
shown) capable of directing light toward a display region of
the LC panel 300.

The optical sheets 343 are provided between the light guid-
ing plate 342 and the L.C panel 300. These optical sheets 343
disperse the incident light from the light guiding plate 342
uniformly and then supply it to the LC panel 300.

The selective reflection film 347 is provided between the
LC panel assembly 330 and the backlight assembly 340. This
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reflection film 347 reflects the ambient light toward the LC
panel 300 when the light source 344 is turned off, in order for
the images to be displayed on the display region in such a
case. This is possible because the reflection film 347 is
designed to transmit or reflect light, selectively. Thatis, when
the light source 344 is turned on, the reflection film 347
transmits the incident light from the backlight assembly 340
and supplies it to the LC panel 300. Conversely, when the
light source 344 is turned off, the reflection film 347 reflects
the ambient light, entering through the LC panel 300, toward
the LC panel 300, in order for the images to be displayed on
the display region.

The reflection plate 341 is provided under the light guiding
plate 342. The light leaked from the light guiding plate 342 is
reflected by this reflection plate 341 and returned toward the
light guiding plate 342, thereby improving light efficiency.

The mold frame 364 receives, in order, the reflection plate
341, the light guiding plate 342, the optical sheets 343, and
the LC panel 300. The mold frame 364, comprising, for
example, resin plastics, is provided with an open bottom 251
and sidewalls 252 extending from the bottom 251.

The malleable circuit board 550 is curved along an outer
portion of the sidewalls 252 of the mold frame 364. A plural-
ity of first protrusions 51 are formed on the outer portion of
the sidewalls 252 of the mold frame 364, which are combined
with the lower chassis 362.

The lower chassis 362, comprising a metallic material,
defines a space for accommodating the mold frame 364
therein, with a bottom 261 and sidewalls 262 extending
upward from the bottom 261. A plurality of grooves 61 are
formed on the sidewalls 262 of the lower chassis 362, and are
combined with the protrusions 51 of the mold frame 364.

When the mold frame 364 is combined with the lower
chassis 362, part of the sidewalls 262 of the lower chassis 362
are placed on the outer sidewalls 252 of the mold frame 364,
and each of the first protrusions 51 is inserted through the
respective grooves 61 of the lower chassis 362. At this time, it
is preferable to form portions of the mold frame 364, that
contact the sidewalls 262 of the lower chassis 362, such that
the mold frame is depressed by an amount equal to about a
thickness of the sidewalls 262.

The upper chassis 361 is provided above the LC panel 300.
When the upper chassis 361 is assembled with the lower
chassis 362, an effective display region of the LC panel 300
where the image display is realized is kept in an open state.
The upper chassis 361 guides a position of the L.C panel 300
and then fixes it in the mold frame 364.

Hereinafter, the operation of the above-mentioned LCD
will be described.

The signal controller 600 of the driving chip 510 receives
input image signals R, G, and B and input control signals for
controlling the display thereof, such as, for example, a verti-
cal synchronizing signal V., a horizontal synchronizing
signal H ., a main clock MCLK, and a data enable signal
DE, from an external graphic controller (not shown).

In response to the input image signals R, G, and B and the
input control signals, the signal controller 600 processes the
image signals R, G, and B suitably for the operation of the LC
panel 300 and generates gate control signals CONT1 and data
control signals CONT2, and then outputs the gate control
signals CONT1 and the data control signals CONT2 to the
gate driver 400 and the data driver 500, respectively.

The gate control signals CONT1 include a vertical syn-
chronizing start signal STV for informing the output of the
gate-on voltage V,,, and at least one clock signal for control-
ling the output time and the output voltage of the gate-on
voltage V..
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The data control signals CONT2 include a horizontal syn-
chronizing start signal STH for informing the beginning of
data transmission, a load signal LOAD for instructing appli-
cation of the data voltages to the data lines D, -D,,, a reverse
signal RVS for reversing the polarity of the data voltages with
respect to the common voltage V., and a data clock signal
HCLK.

Responsive to the data control signals CONT2 from the
signal controller 600, the data driver 500 successively
receives the image data DAT for a row of the pixels from the
signal controller 600, converts the image data DAT into ana-
log data voltages selected from the gray voltages from the
gray voltage generator 800, and then applies the data voltages
to data lines D,-D,, of the LC panel 300.

The gate driver 400 applies the gate-on voltage V_, to the
gate lines G,-G, in response to the gate control signals
CONT1 from the signal controller 600, thereby turning on the
switching elements Q connected thereto. The data voltages
applied to the data lines D, -D,, are applied to the correspond-
ing pixel through the activated switching elements Q.

The difference between the data voltage applied to the
pixel and the common voltage V., . is represented as a voltage
across the LC capacitor C; ., namely, a pixel voltage. The LC
molecules in the LC capacitor C, - have orientations depend-
ing on the magnitude of the pixel voltage.

The backlight assembly 340 controls switching of the light
source (e.g., LED) 344, based on a backlight control signal
CONT3 that is applied from an exterior device according to
the operation of the selected switching element Q or the
operation of the LCD. Such an operation of the backlight
assembly 340 will be described next. The backlight control
signal CONT3 may be applied from the signal controller 600.

When the light emitted from the LED 344 passes through
the LC layer 3, the polarization of the light is varied according
to the orientations of the LC molecules. The polarizer con-
verts the difference of the light polarization into a difference
of the light transmittance.

By repeating this procedure by a unit of the horizontal
period (which is denoted by “IH” and equal to one period of
the horizontal synchronizing signal H__ ., the data enable
signal DE, and the gate clock CPV), all gate lines G,-G,, are
sequentially supplied with the gate-on voltage V,, during a
frame, thereby applying the data voltages to all pixels. When
the next frame starts after finishing one frame, the reverse
control signal RVS applied to the data driver 500 is controlled
such that the polarity of the data voltages is reversed with
respect to that of the previous frame (which is referred to as
“frame inversion”). The reverse control signal RVS may also
be controlled such that the polarity of the data voltages flow-
ing along a data line in one frame is reversed (for example,
line inversion and dot inversion), or the polarity of the data
voltages in one packet is reversed (for example, column inver-
sion and dot inversion).

Hereinafter, the operation of the backlight assembly 340
will be described with reference to FIG. 14, FIG. 16, FIG.
17A, and FIG. 17B.

FIG. 16 is a block diagram of a power supply part accord-
ing to an embodiment of the present invention, and FIG. 17A
and FIG. 17B are views for comparing arrangements of two
main light sources individually provided in two LCDs
according to embodiments of the present invention.

As illustrated in the above with reference to FIG. 14, the
backlight assembly 340 includes the light source controller
348, the power supply part 349 connected to the light source
controller 348, the light source part 344 that is connected to
the power supply part 349 and includes the main light source
3441 and the sub light source 3442.
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As shown in FIG. 16, the power supply part 349 includes a
main power supply part 981 and a sub power supply part 982.

The main power supply part 981 receives an input voltage
V, from a portable energy source (not shown) such as, for
example, a battery, and a control signal EN1 from the light
source controller 348, and then outputs a driving voltage V.,
and a ground voltage GND1 suitable for the operation of the
main light source 3441.

The sub power supply part 982 receives an input voltage V,,
from a portable energy source (not shown) and a control
signal EN2 from the light source controller 348, and then
outputs a driving voltage V__,, and a ground voltage GND2
suitable for the operation of the sub light source 3442.

The control signals EN1 and EN2 serve as enable signals of
the main and sub light sources 3441 and 3442, applied from
the light source controller 348, each determining whether to
operate the main and sub power supply parts 981 and 982.
That s, when the control signal EN1 or EN2 is in “high” level,
the corresponding main and sub power supply parts 981 or
982 operate, and when the control signal EN1 or EN2 is in
“low” level, the corresponding main and sub power supply
parts 981 or 982 do not operate.

Referring to FIG. 17A, the main light source 3441 of the
light source part 344 includes a plurality of light sources,
namely, four LEDs 1 to L4 connected to each other in series.
A driving terminal A1 receives a driving voltage V_,,, from
the main power supply part 981, and a ground terminal B1
receives a ground voltage GND1 from the main power supply
part 981.

The sub light source 3442 includes an LED 5. A driving
terminal A2 receives a driving voltage V., from the sub
power supply part 982 and a ground terminal B2 receives a
ground voltage GND2 from the sub power supply part 982.

Intherespective main and sub light sources 3441 and 3442,
the number of the LEDs may be altered.

The main light source 3441 is switched on or off, depend-
ing on the operation of the main power supply part 981. That
is, when the operation of the main power supply part 981
begins, the main power supply part 981 supplies the driving
voltage V ,,,, and the ground voltage GND1 to the corre-
sponding main light source 3441, so that the corresponding
main light source 3441 is switched on. In a reverse case, the
main light source 3441 is switched off.

Similarly, the sub light source 3442 is switched on or off,
depending on the operation of the sub power supply part 982.
That is, when the operation of the sub power supply part 982
begins, the sub power supply part 982 supplies the driving
voltage V,,,, and the ground voltage GND2 to the corre-
sponding sub light source 3442, so that the corresponding sub
light source 3442 is switched on. In a reverse case, the sub
light source 3442 is switched off.

As shown in FIG. 17A, the display region of the LCD panel
300 according to an embodiment of the present invention is
divided into a main display part 301 corresponding to the
high-resolution area and a sub display part 302 corresponding
to the low-resolution area. In this embodiment, the display
region is divided into the two areas on the basis of the reso-
Iution, but various standards besides the resolution, for
example, dimension of the display region, may also be used to
divide the display region.

The main display part 301 is a region where various images
can be displayed freely and minutely, while the sub display
part 302 is a region where fixed pattern images for informing,
for example, time, antenna sensitivity, the remaining battery
capacity, are displayed. In spite of having lower resolution,
the sub display part 302 has no difficulty in displaying the
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fixed pattern images since such images can be adequately
represented with only minimum or maximum gray.

As shown in FIG. 17A, the main light source 3441 is
provided at a lower part of the LC panel 300 adjacent to the
main display part 301, in a horizontal direction, and the sub
light source 3442 is provided at an uppet part of the LC panel
300 adjacent to the sub display part 302. In this case, the
LEDs L1 to L4 of the main light source 3441 are arranged to
be close to the main display part 301, having regular intervals
therebetween, in order to supply uniformly dispersed light to
the main display part 301. Similarly, the LED L5 of the sub
light source 3442 is arranged at a center of an upper portion of
the LCD panel 300, where light emitted from the LED L5 can
be most efficiently supplied to the sub display part 302 of the
LCD panel 300. However, the arrangements of such LEDs L1
to L5 may be changed.

The operation of the above-mentioned backlight assembly
340 will be described below.

As mentioned above, the main and sub light sources 3441
and 3442 are individually switched on or off, each depending
on the operation of the main power supply part 981 and the
sub power supply part 982.

That is, in response to a backlight control signal CONT3,
the light source controller 348 checks the enable signals EN1
and EN2, each respectively applied to the main power supply
part 981 and the sub power supply part 982, and then outputs
signals corresponding to the states of the enable signals EN1
and EN2. For example, when all of the main display part 301
and the sub display part 302 are used, the light source con-
troller 348 makes all of the states of the enable signals EN1
and EN2 in high level. Alternatively, only the enable signal
EN1 is in a high level when only the main display part 301 is
used.

In addition, to display only primary information of a fixed
pattern in the sub display part 302, while the main display part
301 has no image, only the enable signal EN2 should be high.
When the LCD does not operate for longer than a predeter-
mined time, all of the enable signals EN1 and EN2 are low.
Alternatively, the main and sub light sources 3441 and 3442,
which are individually activated in response to the enable
signals EN1 and EN2, may operate differently from the
above-mentioned manner.

When the main power supply part 981 operates according
to the state of the corresponding enable signal EN1, the driv-
ing voltage V,,,, is applied to the driving terminal A1 of the
corresponding main light source 3441, and the ground volt-
age GND1 is applied to the ground terminal B1, so that the
main light source 3441 is turned on, emitting light toward the
corresponding main display part 301. Also, when the sub
power supply part 982 operates according to the state of the
corresponding enable signal EN2, the driving voltage V., s
applied to the driving terminal A2 of the corresponding sub
light source 3442, and the ground voltage GND2 is applied to
the ground terminal B2, so that the sub light source 3442 is
turned on, emitting light toward the corresponding sub dis-
play part 302.

FIG. 17B shows another example of the main light source
3441 according to an embodiment of the present invention.
The operation of this example is substantially to the same as
that of the example previously illustrated with reference to
FIG. 17A, except that the LEDs L1 to L4 are arranged in
parallel. In this structure, the main light source 3441 consist-
ing of the LEDs L1 to L4 is switched on or off, according to
whether the driving signal V,,, and ground voltage GNDI1
supplied from the main power supply part 981 are applied to
the corresponding driving terminal A1 and the corresponding
ground terminal B1.

20

25

40

45

60

65

22

In this way, after the LCD panel 300 is divided into a
plurality of areas, the main and sub light sources 3441 and
3442 are individually switched on or off according to the state
of each divided area, so that the power consumption caused
by unnecessary lighting of the main and sub light sources
3441 and 3442 may be reduced.

An LCD according to another embodiment of the present
invention will be described with reference to FIG. 18 through
FIG. 19B.

FIG. 18 is an exploded perspective view schematically
illustrating an LCD according to another embodiment of the
present invention. FIG. 19A and FIG. 19B are views for
comparing arrangements of two main light sources individu-
ally provided in two LCDs according to other embodiments
of the present invention.

The LCD of FIG. 18 is substantially the same as the LCD
of FIG. 1, except for the positions of the main light source
3441 and the sub light source 3442. That is, the main light
source 3441 and the sub light source 3442 are mounted on a
long side of the light guiding plate 342 in a row, and they may
be mounted on the opposing side.

Due to such a structure, in FIG. 19A and FIG. 19B, the
LEDs 1 to L5 of the main light source 3441 and the sub light
source 3442 are arranged at any one side of the LC panel 300,
whichis divided into a main display part 301 and a sub display
part 302. That is, the LEDs L1 to L4 of the main light source
3441 are arranged at one side of the main display part 301,
having regular intervals therebetween, while the LED L5 of
the sub light source 3442 is arranged at one side of the sub
display part 302. This arrangement enables the light to be
supplied to the LCD efficiently. In FIG. 19A and FIG. 19B,
the main light source 3441 and the sub light source 3442 are
at the right of the LCD panel 300, but they may be at the left.

A difference between FIG. 19A and FIG. 19B is the con-
nection state of the LEDs. Similar to FIG. 17A and FIG. 17B,
the LEDs L1 to L4 of FIG. 19A are connected to each other in
series, while the LEDs [L1 to L4 of FIG. 19B are connected to
each other in parallel.

The operation of the main light source 3441 and the sub
light source 3442 is the same as the operation previously
illustrated with reference to FIG. 1 and FIGS. 17A-17B.

According to embodiments of the present invention, the
display region of the LCD panel is divided into a main display
part and a sub display part, and separate light sources are
provided at each display part in order to selectively operate
the corresponding light source, according to the operation
state of each display part. In this structure, it is possible to
selectively drive a portion of the entire light sources, when
necessary images must be displayed in only a corresponding
display part. Accordingly, power consumption by the light
sources is reduced, so that total power consumption of the
display device is also reduced.

Although the illustrative embodiments have been
described herein with reference to the accompanying draw-
ings, it is to be understood that the present invention is not
limited to those precise embodiments, and that various other
changes and modifications may be affected therein by one of
ordinary skill in the related art without departing from the
scope or spirit of the invention. All such changes and modi-
fications are intended to be included within the scope of the
invention as defined by the appended claims.

What is claimed is:

1. A liquid crystal display device, comprising:

a low-resolution area;

a high-resolution area, wherein a pixel formed in the low

resolution area is larger than a pixel formed in the high
resolution area;
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a transmissive liquid crystal display panel assembly, com-
prising:

a thin film transistor panel;

a color filter panel that is opposed to the thin film tran-
sistor panel with a predetermined interval therebe-
tween;

a liquid crystal layer interposed between the thin film
transistor panel and the color filter panel; and

a first polarizer and a second polarizer that are respec-
tively provided on outer surfaces of the thin film tran-
sistor panel and the color filter panel;

abacklight assembly for supplying light to the liquid crys-
tal display panel assembly; and

a selective reflection film provided between the backlight
assembly and the liquid crystal display panel assembly;

a data driving chip mounted on the thin film transistor
panel;

a first gate driving chip mounted on the thin film transistor
panel to drive the low-resolution area; and

a second gate driving chip mounted on the thin film tran-
sistor panel to drive the high-resolution area.

2. A liquid crystal display device, comprising:

a low-resolution area;

a high-resolution area, wherein a pixel formed in the low
resolution area is lager than a pixel formed in the high
resolution area;

a transmissive liquid crystal display panel assembly, com-
prising:

a thin film transistor panel;

a color filter panel that is opposed to the thin film tran-
sistor panel with a predetermined interval therebe-
tween;

a liquid crystal layer interposed between the thin film
transistor panel and the color filter panel; and

a first polarizer and a second polarizer that are respec-
tively provided on outer surfaces of the thin film tran-
sistor panel and the color filter panel;

abacklight assembly for supplying light to the liquid crys-
tal display panel assembly; and

a selective reflection film provided between the backlight
assembly and the liquid crystal display panel assembly;

a data driving chip mounted on the thin film transistor
panel;

a first gate driving circuit formed in the thin film transistor
panel to drive the low-resolution area; and

a second gate driving circuit formed in the thin film tran-
sistor panel to drive the high-resolution area.

3. A liquid crystal display device, comprising:

a low-resolution area;

a high-resolution area, wherein a pixel formed in the low
resolution area is larger than a pixel formed in the high
resolution area;

a transmissive liquid crystal display panel assembly, com-
prising:

a thin film transistor panel;

a color filter panel that is opposed to the thin film tran-
sistor panel with a predetermined interval therebe-
tween,

a liquid crystal layer interposed between the thin film
transistor panel and the color filter panel; and

a first polarizer and a second polarizer that are respec-
tively provided on outer surfaces of the thin film tran-
sistor panel and the color filter panel;
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a backlight assembly for supplying light to the liquid crys-
tal display panel assembly; and

a selective reflection film provided between the backlight
assembly and the liquid crystal display panel assembly;

wherein the thin film transistor panel comprises:

a plurality of first gate lines formed in the low-resolution
area;

a plurality of second gate lines formed in the high-resolu-
tion area;

a plurality of first data lines intersected with the first gate
lines and the second gate lines, the plurality of first data
lines being insulated from the first and second gate lines;
and

a plurality of second data lines intersected with and insu-
lated from the second gate lines, and not intersected with
the first gate lines.

4. The liquid crystal display device of claim 3, wherein the

first data lines and the second data lines are alternately
arranged one by one.

5. The liquid crystal display device of claim 3, wherein an

interval between two adjacent first gate lines is about twice as
large as an interval between two adjacent second gate lines.

6. A liquid crystal display device, comprising:

a low-resolution area;

a high-resolution area, wherein a pixel formed in the low
resolution area is larger than a pixel formed in the high
resolution area;

a transflective liquid crystal display panel assembly, com-
prising:

a thin film transistor panel that includes a reflective
electrode formed on a transparent electrode and hav-
ing a transmissive window;,

a color filter panel that is opposed to the thin film tran-
sistor panel with a predetermined interval therebe-
tween,

a liquid crystal layer interposed between the thin film
transistor panel and the color filter panel; and

a first polarizer and a second polarizer that are respectively
provided on outer surfaces of the thin film transistor
panel and the color filter panel;

a backlight assembly for supplying light to the liquid crys-
tal display panel assembly;

wherein the thin film transistor panel comprises:

a plurality of first gate lines formed in the low-resolution
area;

a plurality of second gate lines formed in the high-resolu-
tion area;

a plurality of first data lines that are intersected with and
insulated from the first gate lines and the second gate
lines; and

aplurality of second data lines that are intersected with and
insulated from the second gate lines, and not intersected
with the first gate lines.

7. The liquid crystal display device of claim 6, wherein the

first data lines and the second data lines are alternately
arranged one by one.

8. The liquid crystal display device of claim 6, wherein an

60 interval between two adjacent first gate lines is about twice as

large as an interval between two adjacent second gate lines.
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