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FOUR COLOR LIQUID CRYSTAL DISPLAY
AND PANEL THEREFOR

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a liquid crystal display
and a panel therefor, and in particular, to a four color liquid
crystal display.

(b) Description of Related Art

Generally, a liquid crystal display (LCD) includes a liquid
crystal panel assembly including two panels provided with
two kinds of field generating electrodes such as pixel
electrodes and a common electrode and a liquid crystal layer
with dielectric anisotropy interposed therebetween. The
variation of the voltage difference between the field gener-
ating electrodes, i.c., the variation in the strength of an
electric field generated by the electrodes changes the trans-
mittance of the light passing through the LCD, and thus
desired images are obtained by controlling the voltage
difference between the electrodes.

The LCD includes a plurality of pixels with pixel elec-
trodes and red (R), green (G) and blue (B) color filters. The
pixels are driven to perform display operation by way of the
signals applied thereto through display signal lines. The
signal lines include gate lines (or scanning signal lines) for
carrying the scanning signals, and data lines for carrying
data signals. Each pixel has a thin film transistor (TFT)
connected to one of the gate lines and one of the data lines
to control the data signals applied to the pixel electrode.

The usual LCD representing one dot by the three RGB
colors pixels involves poor optical efficiency. Specifically,
the color filters for the respective RGB pixels transmit only
one thirds of the light incident thereupon, and hence, the
total optical efficiency is deteriorated.

Meanwhile, there are several types of arrangement of the
red (R), green (G) and blue (B) color filters. Examples are
a stripe type where the color filters of the same color are
arranged in the same pixel columns, a mosaic type where the
red, green and blue color filters are arranged in turn along the
row and column directions, and a delta type where the pixels
are arranged zigzag in the column direction and the red,
green and blue color filters are arranged in turn. The delta
type correctly represents a circle or a diagonal line.

The ClairVoyante Laboratories has proposed a pixel
arrangement called the “PenTile Matrix™,” which is advan-
tageous in displaying high resolution images while gives
minimized design cost. In such a pixel arrangement, the unit
pixel of blue is common to two dots, and the neighboring
blue pixels receive the data signals from one data driving IC
while being driven by two different gate driving ICs. With
the use of the PenTile Matrix pixel structure, the resolution
of the ultra extended graphics array (UXGA) level can be
realized by way of a display device of the super video
graphics array (SVGA) level. Furthermore, the number of
low-cost gate driving ICs is increased, but the number of
high-cost data driving ICs is decreased. This minimizes the
production cost for the display device.

However, with the PenTile Matrix pixel structure, as the
size of the blue pixel is different from the size of the red and
the green pixels, it is required to make alteration of the
storage capacity due to the difference in the liquid crystal
charge rate. Furthermore, as two blue pixels are driven by
way of one line, the pixel polarities are non-uniformly made.

Particularly, as the blue pixels are arranged in the shape
of a stripe, the vertical line patterns due to the blue pixels
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become easily visible with the insufficient resolution, and
this deteriorates the total image quality.

SUMMARY OF THE INVENTION

A liquid crystal display is provided, which includes: a
liquid crystal panel assembly including a plurality of red,
green, blue and white pixel areas; and a backlight unit placed
at a side of the liquid crystal panel assembly, wherein light
emitted from the backlight unit has a color coordinate (X, y)
where x ranges from about 0.31 to about 0.34, and y ranges
from about 0.32 to about 0.35.

The liquid crystal panel assembly includes: a first insu-
lating substrate; a plurality of thin film transistors formed on
the first insulating substrate; a plurality of pixel electrodes
formed on the first insulating substrate and connected to the
thin film transistors; a second insulating substrate facing the
first insulating substrate; a black matrix formed on the
second insulating substrate and defining the pixel areas; red,
green and blue color filters formed substantially in the red,
green and blue pixel areas, respectively; a common electrode
formed on the color filters; and a liquid crystal layer inter-
posed between the first and the second insulating substrates.

The blue pixel area or white pixel area has an area smaller
than the red pixel area and the green pixel area.

Preferably, total area of the blue pixel area and the white
pixel area is substantially the same as the area of any one of
the red pixel area and the green pixel area.

The width of the black matrix near the white pixel area is
preferably wider than near the other pixel areas.

A color filter array panel for a liquid crystal display is
provided, which includes: an insulating substrate; a black
matrix formed on the insulating substrate and defining red,
green, blue and white pixel areas; red, green and blue
organic filters formed substantially in the red, green and blue
pixel areas and containing red, green and blue pigments,
respectively; a transparent organic filter formed substantially
in the white pixel areas; and a common electrode formed on
the organic filters.

The color filter array panel further includes an overcoat
located between the organic filters and the common elec-
trode.

The transparent organic filter may include the same mate-
rial as the overcoat.

It is preferable that the height of a surface of the overcoat
is substantially uniform.

A liquid crystal display is provide, which includes: a first
insulating substrate; a plurality of thin film transistors
formed on the first insulating substrate; a protective layer
formed on the thin film transistors and having a protrusion;
a plurality of pixel electrodes formed on the protective layer
and connected to the thin film transistors; a second insulat-
ing substrate facing the first insulating substrate; a black
matrix formed on the second insulating substrate and defin-
ing red, green, blue and white pixel areas; red, green and
blue color filters formed substantially in the red, green and
blue pixel areas, respectively; a common electrode formed
on the color filters; and a liquid crystal interposed between
the first and the second insulating substrates, wherein height
of the common electrode is smaller at the white pixel area
than at the red, the green and the blue areas, and the
protrusion of the protective layer faces the white pixel area.

Preferably, the distance between the common electrode
and a surface of the protective layer is substantially uniform.

The pixel electrodes and the common electrode may have
cutouts.
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A liquid crystal display is provided, which includes: an
array of a plurality of sets of pixels, each set including blue
and white pixels adjacent to each other, a pair of red pixels
obliquely facing each other across the blue and the white
pixels, and a pair of green pixels obliquely facing each other
across the blue and the white pixels and adjacent to the red
pixels, each pixel including a pixel electrode and a thin film
transistor; a plurality of gate lines extending in a row
direction for transmitting a gate signal to the pixels; and a
plurality of data lines extending in a column direction for
transmitting data signals to the pixels.

The relative positions of the blue pixel and the white pixel
in two sets of pixels adjacent in a column direction or in a
row direction are preferably reversed.

According to an embodiment of the present invention, the
pixels have rectangular shapes and the blue and the white
pixels are arranged in the column direction to form a
separate column.

According to another embodiment of the present inven-
tion, the blue pixel and the white pixel have triangular
shapes to form a diamond shape, and a boundary line
between the blue pixel and the white pixel extends in the row
direction or the column direction.

It is preferable that the red pixels in adjacent two columns
are located in different rows and the red pixels those in
adjacent rows are located in different columns, wherein the
green pixels in adjacent two columns are placed in different
rows and the green pixels in adjacent rows are located in
different columns, and wherein either the blue pixels or the
white pixels in two sets of pixels adjacent in the row
direction are located in different rows, or the blue pixels or
the white pixels in two sets adjacent in the column direction
are located in different columns.

The liquid crystal display may be driven by rendering.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other advantages of the present invention
will become more apparent by describing preferred embodi-
ments thereof in detail with reference to the accompanying
drawings in which:

FIG. 1 is a cross sectional view of an LCD according to
an embodiment of the present invention,

FIGS. 2 to 5 illustrate color filter arrangements for LCDs
according to embodiments of the present invention;

FIG. 6 is a graph showing an exemplary light spectrum of
a light source according to an embodiment of the present
invention;

FIGS. 7 and 8 are sectional views of color filter array
panels for an LCD according to embodiments of the present
invention;

FIG. 9 is a graph illustrating the response time of an LCD
as a function of the cell gap thereof;

FIG. 10 is a sectional view of an LCD according to
another embodiment of the present invention;

HFIGS. 11 to 13 illustrate pixel arrangements of an LCD
according to embodiments of the present invention;

HIG. 14 is a picture for illustrating the visibility of an LCD
having the pixel arrangement shown in FIG. 11;

FIGS. 15 and 17 are layout views of TFT array panels for
an LCD according to embodiments of the present invention,
and FIGS. 16 and 18 are sectional views of the TFT array
panels shown in FIGS. 15 and 17 taken along the lines
XVI-XVI' and XVIII-XVIIT, respectively.

HIG. 15 is a layout view of a TFT array panel for an LCD
having the pixel arrangement shown in FIG. 11 according to
an embodiment of the present invention,
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FIG. 16 is a sectional view of the TFT array panel shown
in FIG. 15 taken along the line XVI-XVT';

FIG. 17 is a layout view of a TFT array panel for an LCD
having the pixel arrangement shown in FIG. 12 according to
an embodiment of the present invention; and

FIG. 18 is a sectional view of the TFT array panel shown
in FIG. 17 taken along the line XVIII-XVIIT".

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The present invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which preferred embodiments of the inventions are shown.

In the drawings, the thickness of layers and regions are
exaggerated for clarity. Like numerals refer to like elements
throughout. It will be understood that when an element such
as a layer, region or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another
element, there are no intervening elements present.

Now, LCDs according to embodiments of this invention
will be described in detail with reference to the accompa-
nying drawings.

FIG. 1 is a cross sectional view of an LCD according to
an embodiment of the present invention, and FIGS. 2 to §
illustrate color filter arrangements of LCDs according to
embodiments of the present invention.

As shown in FIG. 1, the LCD includes a lower panel 100,
an upper panel 200 facing the lower panel 200, and a liquid
crystal layer 3 interposed between the lower and the upper
panels and containing liquid crystal molecules aligned in a
predetermined direction. The LCD further includes upper
and lower polarizers 12 and 22, upper and lower compen-
sation films 13 and 23, and a backlight unit 350. The liquid
crystal molecules vary in their orientations under the appli-
cation of electric fields. The transmittance of the light is
changed depending upon the orientations of the liquid
crystal molecules.

The lower panel 100 includes a lower substrate 110
preferably made of a transparent insulating material such as
glass, a plurality of thin film transistors (TFTs) formed on
the lower substrate 110, and a plurality of pixel electrodes
190 connected to the TFTs and preferably made of a
transparent conductive material such as indium tin oxide
(ITO) and indium zinc oxide (IZO). Each TFT switches data
voltages applied to the pixel electrode 190.

The lower compensation film 13 and the lower polarizer
12 are attached to the outer surface of the lower substrate
110. The lower compensation film 13 has biaxiality or
uniaxiality. The lower compensation film 13 may be omit-
ted.

The upper panel 200 includes an upper substrate 210
preferably made of a transparent insulating material such as
glass, a black matrix 220 defining a plurality of pixel areas
arranged in a matrix, a plurality of red, green and blue color
filters 230R, 230G and 230B formed in the pixel areas
defined by the black matrix 220, and a common electrode
270 preferably made of a transparent conductive material
such as ITO and IZO.

The red, green and blue color filters 230R, 230G and
230B are arranged in turn. The pixel areas without any of the
red, green and blue color filters 230R, 230G and 230B
represent white pixel areas W, which equally intercept or
pass all the components of incident light. Since the white
pixel area W has no color filter, the inner surface of the color
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filter panel 200 on the white pixel area W has smaller height
than on the other pixel areas R, G and B and the cell gap of
the white pixel area W is larger than that at the other pixel
areas.

In this specification, the term “pixel” indicates a basic
functional element for displaying images, which includes a
pixel electrode 190, a portion of the common electrode 270
opposite the pixel electrode 190, a portion of the liquid
crystal layer 3 located between the pixel electrode 190 and
the corresponding portion of the common electrode 270, a
TFT, and a color filter 230R, 230G or 230B. In addition, the
term “pixel area” means the area occupied by a pixel.
However, for convenience of description, the two terms
“pixel” and “pixel area” will not be distinctly used in this
specification.

Referring to FIG. 2, the numbers of the red, green, blue
and white pixels areas R, G, B and W are the same. The red,
green, blue and white pixel areas R, G, B and W are arranged
in turn along the row direction. Each of the blue pixel areas
B and the white pixel arcas W has a size equal to about half
of each of the red pixel areas R and the green pixel areas G.
Therefore, the sum of one white pixel area W and one blue
pixel area B is nearly the same as one red pixel area R or one
green pixel area G.

Referring to FIG. 3, a 2x3 pixel matrix including identical
pixels forms a dot which is a basic element of an image. The
first pixel row includes red, blue and green pixels arranged
in sequence, and the second pixel row includes green, white
and red pixels arranged in sequence.

The arrangement of the pixels shown in FIG. 4 is almost
the same as that shown in FIG. 3 except that the blue pixel
B is enlarged, while the white pixel W is reduced.

The pixel arrangement shown in FIG. 5 is almost the same
as that shown in FIG. 3 except that portions of the black
matrix BM surrounding the white pixel W is enlarged to
have a width wider than other portions, which is established
to hide the disclination lines generated due to the height
difference.

The upper compensation film 23 and the upper polarizer
22 are attached to the outer surface of the upper substrate
210. The upper compensation film 23 has biaxiality or
uniaxiality. The upper compensation film 23 may be omit-
ted.

The backlight unit 350 is placed at the rear side of the
lower polarizer 12. The backlight unit 350 is provided with
a light source 351 including a cold cathode tube, and a light
guide plate 352.

In this embodiment, since one dot includes red, green,
blue and white pixels, the optical efficiency is improved
without increasing the total area of the dot.

Assume that the amount of the light passing through the
lower polarizer 12 is one.

For a dot including three pixels, i.e., red, green and blue
pixels, the area of each pixel is one thirds of the total area
of the dot. Since the light transmittance of the color filter is
one thirds, the total light transmittance of the dot is equal to
Yaxla+ax Yt Yax a=14=33.3%.

For a dot shown in FIG. 2, the area of cach of red and
green pixels is one thirds of the total area, while the area of
each of blue and white pixels is one sixths of the total area.
Since the light transmittance of the white pixel is one, while
that of the other pixels is one thirds, the total light trans-
mittance of the dot equals to
VsxV5+15x st Vex Va+ex1=Yo~44.4%.  Accordingly, the
brightness is increased to be about 1.5 times compared with
a conventional three-color LCD.
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Although the area of the blue pixel is smaller than the red
pixel or the green pixel, the variation of the amount of the
blue light is relatively insensitive to a person compared with
red and green light, and hence, the influence of the areal
reduction on the image quality is relatively small.

However, the areal reduction of the blue pixel gives slight
deformation in the images, that is, it makes the images
yellowish.

In order to solve such a problem, the light source 351
emits a light with increased blue component to prevent
yellowish images.

The light emitted from the light source 351 has a color
coordinate (X, y) where x ranges from about 0.31 to about
0.34 and y ranges from about 0.32 to about 0.35. Such a light
contains the blue component more than the light emitted
from a light source for a conventional LCD backlight. In
order to obtain such a light source, the blue color emitting
material to be contained in the light source 351 should be
increased by a predetermined amount.

FIG. 6 is a graph showing an exemplary light spectrum of
a light source according to an embodiment of the present
invention. Compared with the curve for a conventional light
source represented by “blue 17, the curves represented by
“blue 1.09” and “blue 1.18” show enhanced peaks at wave-
length in a range of about 440 —-470 nm, which indicates blue
light, and decreased peaks at wavelength in a range of about
620-650 nm, which indicates red light.

Meanwhile, since the white pixel W has no color filter, the
light out of the white pixel W from the light source 531 may
look bluish. However, the larger cell gap of the white pixel
W, which makes the incident light yellowish, prevents the
light from being bluish.

FIGS. 7 and 8 are sectional views of color filter array
panels for an LCD according to other embodiments of the
present invention.

Referring to FIG. 7, a color filter array panel 200 includes
a transparent insulating substrate 210, a black matrix 220
formed on the insulating substrate 210 having a plurality of
apertures defining pixel areas, a plurality of red, green, blue
and transparent color filters 230R, 230G, 230B and 230W
formed in respective pixel areas, an overcoat 250 formed on
the color filters 230R, 230G, 230B and 230W, and a com-
mon electrode 270 formed on the overcoat 250. It is pref-
erable that the transparent color filters 230W include a
transparent organic material such as a photosensitive mate-
rial without pigment.

A color filter array panel 200 shown in FIG. 8 includes no
transparent color filter. Instead, portions of an overcoat 250
in white pixel arcas W have larger thickness than other
portions thereof to make the height difference of the surface
equal to or less than about 0.0.2 microns. Accordingly, the
cell gap for all pixels is nearly uniform, and the color filter
array panel 200 is manufactured by relatively simple process
compared with that shown in FIG. 7 since the step of
forming a transparent color filter 230W is omitted.

The color filter array panels 200 shown in FIGS. 7 and 8
reduces step difference between the white pixels W and the
other pixels R, G and B by providing the transparent color
filters 230W or by increasing the thickness of the overcoat
250 at the white pixels W.

The reduced step difference and the uniform cell gap
prevent the yellowish light of the white pixel W and the
disclination lines at the steps.

Preferably, the cell gap or the thickness of the liquid
crystal layer is equal to about 3.7 microns and the thickness
of the color filters is about 1.5 to 1.6 microns.
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FIG. 9 is a graph illustrating the response time as a
function of the cell gap of an LCD.

In FIG. 9, “on” means the response time of turning on and
“off” means the response time of turning off.

As shown in FIG. 9, the response time become reduced as
the increase of the cell gap. When the cell gap reaches about
3.7 microns, the response time has a minimum value. As the
cell gap goes away from 3.7 microns, the response time
becomes increased again.

HFG. 10 is a sectional view of an LCD according to
another embodiment of the present invention.

Referring to FIG. 10, an LCD according to this embodi-
ment includes a TFT array panel 100, a color filter array
panel 200, and a liquid crystal layer 3 interposed therebe-
tween.

The color filter array panel 200 includes an upper panel
210 preferably made of a transparent insulating material
such as glass, a black matrix 220 formed on the upper panel
210 and defining a plurality of pixel areas arranged in a
matrix, a plurality of red, green and blue color filters 230R,
230G and 230B disposed substantially in the pixel areas, an
overcoat 250 formed on the color filters 230R, 230G and
230B, and a common electrode 270 preferably made of a
transparent conductive material such as ITO and IZO and
having a plurality of cutouts 271.

The red, green and blue color filters 230R, 230G and
230B are arranged in turn. The pixel areas without any of the
red, green and blue color filters 230R, 230G and 230B
represent white pixel areas W, which equally intercept or
pass all the components of incident light. Since the white
pixel area W has no color filter, the inner surface of the color
filter panel 200 on the white pixel area W form a basin.

The TFT array panel 100 includes a plurality of gate
electrodes 123 formed on an insulating substrate 110, a gate
insulating layer 140 formed on the gate electrodes 123, a
plurality of semiconductors 154 preferably made of amor-
phous silicon formed on the gate insulating layer 140
opposite the gate electrodes 123, a plurality of ohmic
contacts 163 and 165 formed on the semiconductors 154, a
plurality of source and drain electrodes 173 and 175 respec-
tively formed on the ohmic contacts 163 and 165, a protec-
tive layer 180 covering the source and the drain electrodes
173 and 175 and having a plurality of contact holes 181
exposing the drain electrodes 175, and a plurality of pixel
electrodes connected to the drain electrodes 175 through the
contact holes 181 and having a plurality of cutouts 191. A
plurality of gate lines (not shown) connected to the gate
electrodes 123 for transmitting scanning signals thereto, and
a plurality of data lines (not shown) connected to the source
electrodes 173 for transmitting data signals thereto are also
provided on the TFT array panel 100.

The surface of the protective layer 180 is protruded at the
white pixel W to form a plateau.

The basins of the color filter array panel and the plateaus
of the TFT array panel face each other such that the white
pixels W have nearly the same cell gap as the other pixels.

The above-described protective layer 180 is formed by
photolithography with a photo mask having a translucent
area as well as a transparent area and an opaque area. After
depositing the protective layer 180 and coating a photoresist
film thereon, the photo mask is aligned such that the
transparent area and the opaque area face the contact hole
181 and the white pixel area W, while the translucent area
faces remaining areas. After exposure and development, a
portion of the photoresist film on the contact hole 180 is
removed to expose a portion of the protective layer 180, a
portion on the white pixel area W is left over, and the other
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portions have reduced thickness. The contact hole 181 is
formed by etching using the photoresist film as an etching
mask, and the photoresist film suffers ashing such that the
portions of the photoresist film with reduced thickness is
removed to expose portions of the protective layer 180.
Consequently, the photoresist film is left over only on the
white pixel area W. The protective layer 180 is etched using
the photoresist film as an etching mask such that the exposed
portions of the protective layer 180 are thinned to form a
plateau on the white pixel area W.

Meanwhile, a plurality of photolithography steps are
introduced in manufacturing the TFT array panel 100, and
the use of a photo mask having translucent areas as well as
transparent and opaque areas reduce the number of photo-
lithography steps. Several layers having different patterns
can be made by using a photoresist film having position-
dependent thickness made by using the photo mask. For
instance, the semiconductors 154, the ohmic contacts 163
and 165, and the source and the drain electrodes 163 and 165
are formed by using such a photoresist film, and thus, the
TFT array panel 100 can be completed using less masks
compared with the case using photo masks having only
transparent and opaque areas. In this case, the source and the
drain electrodes 163 and 165, and the ohmic contacts have
substantially the same planar shape, and the semiconductors
154 except for the channel region has substantially the same
planar shape as the source and the drain electrodes 163 and
165.

The TFT array panel 100 and the color filter array panel
200 are aligned to be assembled. Thereafter, a liquid crystal
material 3 is injected into a gap between the panels 100 and
200 and subject to vertical alignment. A pixel region, which
indicates a portion of the liquid crystal layer 3 in a pixel, is
partitioned into a plurality of domains by the cutouts 191 and
271 of the pixel electrode 190 and the common electrode
270. The domains are classified into four kinds depending
upon the tilt directions of the liquid crystal molecules therein
upon application of electric field. The several kinds of the
domains give wide viewing angle.

FIGS. 11 to 13 illustrate pixel arrangements for an LCD
according to other embodiments of the present invention.

Referring to FIGS. 11 to 13, an LCD according to this
embodiment includes red, blue and green pixels R, B and G
arranged like a PenTile Matrix and white pixels W adjacent
to the blue pixels B.

For a descriptive purpose, it is considered a set of pixels
including blue and white pixels B and W adjacent to each
other, a pair of red pixels R obliquely facing each other
across the blue and the white pixels B and W, and a pair of
green pixels G obliquely facing each other across the blue
and the white pixels B and W and adjacent to the red pixels
R. Then, the pixel arrangements shown in FIGS. 11 to 13 are
obtained by repeatedly arranging such sets of pixels. It is
noted that the relative positions of the blue pixel B and the
white pixel W in two sets of pixels adjacent in a column
direction or in a row direction are reversed.

The blue pixel B and the white pixel W shown in FIG. 11
have rectangular shapes as the red and the green pixels R and
G and are arranged in the column direction to form a
separate column.

Alternatively, the blue pixel B and the white pixel W
shown in FIGS. 12 and 13 have isosceles triangular shapes,
and a pair of the blue and the white pixels B and W face their
bottom sides to form a diamond shape. The blue and the
white pixels B and W shown in FIG. 12 are arranged in the
column direction, while those shown in FIG. 13 are arranged
in a row direction. Accordingly, a boundary line between the
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blue pixel B and the white pixel W shown in FIG. 12 match
the boundary line between the pixel rows, while a boundary
line between the blue pixel B and the white pixel W shown
in FIG. 13 match the boundary line between the pixel
columns.

Referring to FIGS. 11 and 12, the relative positions of the
blue pixel B and the white pixel W in two sets of pixels
adjacent in the row direction are reversed. However, refer-
ring to FIG. 13, the relative positions of the blue pixel B and
the white pixel W in two sets of pixels adjacent in the
column direction are reversed.

In this arrangement, the red pixels R in adjacent two
columns are located in different rows, while those in adja-
cent rows are located in different columns. Likewise, the
green pixels in adjacent two columns are placed in different
rows, while those in adjacent rows are located in different
columns. In addition, the blue pixels B or the white pixels W
in two sets adjacent in the row direction are located in
different rows as shown in FIGS. 11 and 12, or alternatively,
the blue pixels B or the white pixels W in two sets adjacent
in the column direction are located in different columns as
shown in FIG. 13. Accordingly, the same color pixels,
particularly the blue pixels are arranged in zigzag along the
column direction and the row direction.

The LCDs according to these embodiments receive RGB
image data from an external data source such as a graphic
controller, and extract image data for the white pixels W to
drive the four color pixels.

A dot for displaying an image preferably includes an
above-described set of pixels including a pair of blue and
white pixels B and W, a pair of red pixels R, and a pair of
green pixels G.

However, when using rendering, a dot may include a pair
of blue and white pixels B and W and a pair of red and green
pixels in a column.

In any cases, these pixel arrangements prevent vertical
line pattern generated in a conventional LCD where the
same color pixels such as blue pixels are arranged in the
column direction and the resolution is not sufficiently high.
Therefore, an LCD having a PenTile Matrix pixel arrange-
ment realizes improved image quality.

HG. 14 is a picture for illustrating the visibility of an LCD
having the pixel arrangement shown in FIG. 11. As shown
in FIG. 14, no vertical line pattern is recognizable.

Exemplary TFT array panels for an LCD having the pixel
arrangements shown in FIGS. 11 and 12 will be now
described with reference to FIGS. 15 to 18.

FIGS. 15 and 17 are layout views of TFT array panels for
an LCD according to embodiments of the present invention,
and FIGS. 16 and 18 are sectional views of the TFT array
panels shown in FIGS. 15 and 17 taken along the lines
XVI—XVI' and XVIII—XVIIT', respectively.

Referring to FIG. 12, LCDs according to these embodi-
ments includes a plurality of red, green, blue and white
pixels R, C, B and G arranged in row and column directions.

As shown in the figures, a gate wire is formed on a
transparent insulating substrate 110. The gate wire includes
a plurality of gate lines 121 extending substantially in the
row direction and a plurality of gate electrodes 123 con-
nected to the gate lines 121. An end portion 125 of each gate
line 121 is widened for connection with an external circuit.

The gate wire is preferably made of a metal having low
resistivity such as aluminum, silver, etc.

A gate insulating layer 140 is formed on the entire surface
of the substrate including the gate wire.

A plurality of semiconductor islands 154 preferably made
of amorphous silicon are formed on the gate insulating layer
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140, and a plurality of ohmic contacts 163 and 165 prefer-
ably made of silicide or amorphous silicon heavily doped
with n-type impurity are formed on the semiconductor
islands 154.

A data wire preferably made of a metal having low
resistivity such as aluminum, silver, etc. is formed on the
ohmic contacts 163 and 165 and the gate insulating layer
140.

The data wire includes a plurality of data lines 171
extending substantially in the column direction and inter-
secting the gate lines 121 to define a plurality of pixel areas,
a plurality of source electrodes 173 which are branches of
the data lines 171 and extending onto to the ohmic contacts
163, and a plurality of drain electrodes 175 separated from
the source electrodes 173 and formed on the ohmic contacts
165 opposite the source electrodes 173 with respect to the
gate electrodes 123. An end portion 179 of each data line 171
is widened for connection with an external circuit.

A passivation layer 180 is formed on the data wire and
exposed portions of the semiconductor islands 154 which
are not covered with the data wire. The passivation layer 180
has a plurality of contact holes 185 and 189 exposing the
drain electrodes 175 and the end portions 125 of the data
lines 171, respectively. The passivation layer 180 and the
gate insulating layer 140 have a plurality of contact holes
182 exposing the end portions 125 of the gate lines 121.

A plurality of pixel electrodes 190 and a plurality of
contact assistants 95 and 97 are formed on the passivation
layer 180. The pixel electrodes 190 are connected to the
drain electrodes 175 and the storage electrodes 177 via the
contact holes 185 and 187, respectively, and the contact
assistants 95 and 97 are connected to the exposed end
portions 125 of the gate lines 121 and the exposed end
portions 179 of the data lines 171 via the contact holes 182
and 189, respectively. The pixel electrodes 190 and the
contact assistants 95 and 97 are preferably made of trans-
parent material such as ITO (indium tin oxide) or 1ZO
(indium zinc oxide).

The gate electrodes 123, the source electrodes 173 and the
drain electrodes 175 as well as the semiconductor islands
154 form TFTs.

Referring to FIGS. 15 and 16, each pixel R, G, B and W
has an identical rectangular shape as shown in FIG. 11, and
the arrangements of the gate lines 121, the gate electrodes
123, the data lines 171, and the source and the drain
electrodes 173 and 175 are also identical. The data wire
further includes a plurality of storage conductors 177 over-
lapping the extensions of the gate lines 121, and the passi-
vation layer 180 further has a plurality of contact holes 187
for connection between the pixel electrodes 190 and the
storage capacitors 177. Each gate line 121 has a plurality of
extensions overlapping the storage electrodes 177 to form
storage capacitors.

Referring to FIGS. 17 and 18, the pixel electrodes 190 of
the pixels R, G, B and W resemble the shapes of the
corresponding pixels shown in FIG. 12. A plurality of
storage lines 131 extending substantially parallel to the gate
lines 121 and made of the same material as the gate wire are
formed on the substrate 110. The gate lines 121 and the
storage lines 131 are located near the boundaries of the pixel
rows, and the pixel electrodes 190 and the TFTs are sym-
metrically arranged with respect to the storage lines 131.
The storage lines 131 overlap the pixel electrodes 190
adjacent thereto to form a plurality of storage capacitors.

Referring to FIGS. 15 to 18, the pixel electrodes 190
overlap the gate lines 121 and the data lines 171 to give large
aperture ratio.
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Although preferred embodiments of the present invention
have been described in detail hereinabove, it should be
clearly understood that many variations and/or modifica-
tions of the basic inventive concepts herein taught which
may appear to those skilled in the present art will still fall
within the spirit and scope of the present invention, as
defined in the appended claims.

What is claimed is:

1. A liquid crystal display comprising:

a liquid crystal panel assembly including a plurality of
red, green, blue and white pixel areas, wherein the blue
pixel area has an area smaller than the red pixel area
and the green pixel area; and

a backlight unit placed at a side of the liquid crystal panel
assembly, wherein light emitted from the backlight unit
has a color coordinate (x, y) where X ranges from about
0.31 to about 0.34, and y ranges from about 0.32 to
about 0.35.

2. The liquid crystal display of claim 1, wherein the liquid

crystal panel assembly comprises:

a first insulating substrate;

a plurality of thin film transistors formed on the first
insulating substrate;

a plurality of pixel electrodes formed on the first insulat-
ing substrate and connected to the thin film transistors;

a second insulating substrate facing the first insulating
substrate;

a black matrix formed on the second insulating substrate
and defining the pixel areas;

red, green and blue color filters formed substantially in the
red, green and blue pixel areas, respectively;

a common electrode formed on the color filters; and

a liquid crystal layer interposed between the first and the
second insulating substrates.

3. The liquid crystal display of claim 1, wherein the white
pixel area has an area smaller than the red pixel area and the
green pixel area.

4. The liquid crystal display of claim 1, wherein total area
of the blue pixel area and the white pixel area is substantially
the same as the area of any one of the red pixel area and the
green pixel area.

5. The liquid crystal display of claim 1, wherein the width
of the black matrix near the white pixel area is wider than
near the other pixel areas.

6. A liquid crystal display comprising:

a liquid crystal panel assembly including a plurality of

red, green, blue and white pixels arranged in an array
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of a plurality of sets of the red, green, blue and white
pixels, each set including the blue and the white pixels
adjacent to each other, a pair of the red pixels obliquely
facing each other across the blue and the white pixels,
and a pair of the green pixels obliquely facing each
other across the blue and the white pixels and adjacent
to the red pixels, each pixel including a pixel electrode
and a thin film transistor;

a backlight unit placed at a side of the liquid crystal panel
assembly, wherein light emitted from the backlight unit
has a color coordinate (X, y) where x ranges from about
0.31 to about 0.34, and y ranges from about 0.32 to
about 0.35;

a plurality of gate lines extending in a row direction for
transmitting a gate signal to the plurality of red, green,
blue and white pixels; and

a plurality of data lines extending in a column direction
for transmitting data signals to the plurality of red,
green, blue and white pixels.

7. The liquid crystal display of claim 6, wherein relative
positions of the blue pixel and the white pixel in two sets of
pixels adjacent in a column direction or in a row direction
are reversed.

8. The liquid crystal display of claim 6, wherein the pixels
have rectangular shapes and the blue and the white pixels are
arranged in the column direction to form a separate column.

9. The liquid crystal display of claim 6, wherein the blue
pixel and the white pixel have triangular shapes to form a
diamond shape.

10. The liquid crystal display of claim 9, wherein a
boundary line between the blue pixel and the white pixel
extends in the row direction or the column direction.

11. The liquid crystal display of claim 6, wherein the red
pixels in adjacent two columns are located in different rows
and the red pixels those in adjacent rows are located in
different columns, wherein the green pixels in adjacent two
columns are placed in different rows and the green pixels in
adjacent rows are located in different columns, and wherein
either the blue pixels or the white pixels in two sets of pixels
adjacent in the row direction are located in different rows, or
the blue pixels or the white pixels in two sets adjacent in the
column direction are located in different columns.

12. The liquid crystal display of claim 6, wherein the
liquid crystal display is driven by rendering.
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