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LIQUID CRYSTAL DISPLAY DEVICE

[0001] The present application claims the benefit of
Korean Patent Application No. P2005-0133551 filed in
Korea on Dec. 29, 2005, which is hereby incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display device and more particularly to a liquid crystal
display device with a restricted viewing angle.

[0004] 2. Discussion of the Related Art

[0005] A liquid crystal display (LCD) includes a first
substrate, a second substrate, and a liquid crystal layer. The
first and second substrates are facing each other and spaced
apart from each other with the liquid crystal layer interposed
between the first and second substrates. The LCD device
uses optical anisotropy and polarization properties of the
liquid crystal molecules to display images.

[0006] The liquid crystal molecules have a thin and long
orientation. Moreover, a direction of the liquid crystal mol-
ecule arrangement may be controlled by applying an elec-
trical field to the liquid crystal molecules. Herein, the LCD
device may include a thin film transistor (TFT) as a switch-
ing element. This device is referred to as an active matrix
LCD (AM-LCD) device which has excellent resolution and
superior moving image display characteristics.

[0007] FIG. 1 is an exploded perspective viewing of an
LCD device according to the related art.

[0008] As shown in FIG. 1, the first and second substrates
110 and 120 face each other, and the liquid crystal layer 130
is interposed between the first and second substrates 110 and
120. The first substrate 110 includes gate lines GL, data lines
DL, thin film transistors (TFT) a “T”, and pixel electrodes
112. The gate lines GL and the data lines DL cross each other
such that sub-pixel regions PA are defined by the gate and
data lines GL and DL. The TFTs “T” are formed at respec-
tive crossing portions of the gate and data lines GL and DL,
and the pixel electrodes 112 are formed in the respective
sub-pixel regions PA and connected to the corresponding
TFTs “T”.

[0009] The second substrate 120 includes a black matrix
BM, color filter layers 126, and a common electrode 122.
The black matrix BM has a lattice shape to cover a non-
display region of the first substrate 110 that includes the gate
line GL, data lines DL, and the TFTs “T”. The color filter
layers 126 includes first, second, and third sub-color filters
126a, 1265, and 126¢, respectively. Each of the sub-color
filters 1264, 1265, and 126¢ has one of red, green, and blue
colors “R”, “G”, and “B”, and each corresponds to a
respective sub-pixel region PA. The common electrode 122
is formed on the black matrix BM and the color filter layers
126 as well as being formed over an entire surface of the
second substrate 120. The arrangement of the liquid crystal
molecules is controlled by a vertical electric field between
the pixel electrode 112 and the common electrode 122,
thereby resulting in a change of the amount of transmitted
light. Thus, the LCD device displays images. Accordingly,
the LCD device using the vertical electric field has a high
transmittance and a high aperture ratio. However, the LCD
device may include problems such as narrow viewing angle
and low contrast ratio.
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[0010] To resolve the above-mentioned problems, new
display devices may include an in-plane switching (IPS)
mode LCD device using a horizontal electric field or a
vertical alignment (VA) mode LCD device vertically align-
ing the liquid crystal molecules to the substrate.

[0011] FIGS. 2A and 2B show the IPS mode LCD device
and the VA mode LCD device, respectively, according to the
related art.

[0012] InFIG. 2A, the IPS mode LCD device may include
first and second substrates 210 and 220 facing each other,
and the liquid crystal layer 230 interposed between the
substrates. Both the pixel electrode 212 and the common
electrode 222 are formed on the first substrate 210 such that
the electric field is horizontally formed between the pixel
electrode 212 and common electrode 222. The liquid crystal
molecules are controlled by the horizontal electric field
between the pixel electrode 212 and common electrode 222.
Because a reflective index is relatively uniform at any
viewing point, the viewing angle improves.

[0013] In FIG. 2B, the VA mode LCD device may include
first and second substrates 260 and 270 facing each other
with the liquid crystal layer 280 interposed between the first
and second substrates 260 and 270. The pixel electrode 262
is formed on the first substrate 260, and the common
electrode 272 is formed on the second substrate 270. In an
initial state, the liquid crystal molecules in the liquid crystal
layer 280 are vertically arranged with respect to the first and
second substrates 260 and 270. In addition, a slit 274 is
formed in the common electrode 272. An electric field 290
is symmetrically formed between the pixel electrode 262
and common electrode 272 wherein multi-domains are
formed. Accordingly, the viewing angle is increased.
Because the IPS mode and VA mode provide an improved
viewing angle, viewers may see a similar image at a variety
of viewing angles.

[0014] However, for an automatic teller machine, the LCD
display of the automatic teller machine should not be
viewable by a person other than the teller machine user.
Accordingly, the viewing angle should be restricted so that
only the automatic teller machine user can see the image
displayed. One method of restricting the viewing angle uses
a filter. Unfortunately, this method increases power con-
sumption, production time, and production costs of the LCD
device.

SUMMARY OF THE INVENTION

[0015] Accordingly, the present invention is directed to a
liquid crystal display device that substantially obviates one
or more of the problems due to limitations and disadvan-
tages of the related art.

[0016] An object of the present invention is to provide a
liquid crystal display device having a selectively restrictive
viewing angle.

[0017] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or will be
learned by practice of the invention. The objectives and
other advantages of the invention will be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0018] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described herein, the liquid crystal



US 2007/0153188 Al

display device includes a first substrate; a second substrates
facing the first substrate; a liquid crystal layer interposed
between the first and second substrates; first, second, third,
and fourth sub-pixels defined on each of the first and second
substrates; a first electric field distorting pattern on the first,
second, and third sub-pixels on the first substrate; a second
electric field distorting pattern on the first, second, and third
sub-pixels on the second substrate; a third electric field
distorting pattern on the fourth sub-pixel on the first sub-
strate; and a fourth electric field distorting pattern on the
fourth sub-pixel on the second substrate, wherein the first
and second electric field distorting patterns are parallel to
each other and have a first angle with respect to a first
direction, wherein the third and fourth electric field distort-
ing patterns are parallel to each other and have a second
angle, which is different from the first angle, with respect to
the first direction.

[0019] In another aspect of the present invention, a liquid
crystal display device comprises a first substrate; a second
substrate facing the first substrate; a liquid crystal layer
interposed between the first and second substrates; and first,
second, third, and fourth sub-pixels defined on the first and
second substrates, the first, second, and third sub-pixels
having electric field distorting patterns to increase viewing
angle, and the fourth sub-pixel having electric field distort-
ing patterns to restrict viewing angle.

[0020] In another aspect of the present invention, a liquid
crystal display device comprises a first substrate; a second
substrate facing the first substrate; a liquid crystal layer
interposed between the first and second substrates; and a
pixel array defined on the first and second substrates, each
pixel of the pixel array including at least first, second, third
and fourth sub-pixels such that the fourth sub-pixel has a
restricted viewing angle as compared to the first, second, and
third sub-pixels.

[0021] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion. In the drawings:

[0023] FIG. 1 is an exploded perspective viewing of an
LCD device according to the related art.

[0024] FIGS. 2A and 2B are cross-sectional views of an
IPS mode LCD device and a VA mode LCD device, respec-
tively, according to the related art.

[0025] FIGS. 3A and 3B are plane views of an array
substrate and a color filter substrate for an exemplary
viewing angle restricting LCD device according to the
present invention.

[0026] FIGS.4Ato 4D are graphs showing a transmittance
on sub-pixels of an exemplary viewing angle restricting
LCD device according to the present invention.

[0027] FIGS. 5A and 5B are plane views of an array
substrate and a color filter substrate for an exemplary
viewing angle restricting LCD device according to the
present invention, respectively.
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[0028] FIGS. 6A to 6F show an array substrate for an
exemplary viewing angle restricting LCD device according
to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0029] Reference will now be made in detail to the pre-
ferred exemplary embodiments of the present invention,
examples of which are shown in the accompanying draw-
ings.

[0030] FIGS. 3A and 3B are plane views of an array
substrate and a color filter substrate for an exemplary
viewing angle restricting LCD device according to the
present invention. FIGS. 3A and 3B, the exemplary viewing
angle restricting LCD device according to the present inven-
tion, includes first and second substrates 310 and 320 facing
each other with a liquid crystal layer (not shown) interposed
between the first and second substrates 310 and 320. Liquid
crystal molecules in the liquid crystal layer may have a
vertical orientation with respect to the first and second
substrates 310 and 320 in an initial state.

[0031] InFIG. 3A, aplurality of unit pixels are defined on
the first substrate 310. First, second, and third sub-pixels
SP1, SP2, and SP3, and a viewing angle restricting sub-pixel
VSP are formed in each unit pixel of the first substrate 310.
The four sub-pixels SP1, SP2, SP3, and VSP may be
arranged in a matrix shape of two by two or in a row. In FIG.
3B, a plurality of unit pixels are defined on the second
substrate 320. First, second, third sub-color filters CF1, CF2,
and CF3, and a viewing angle restricting sub-filter VSF are
formed in each unit pixel of the second substrate 320. The
first sub-color filter CF1 corresponds to the first sub-pixel
SP1, and the second sub-color filter CF2 corresponds to the
second sub-pixel SP2. The third sub-color filter CF3 corre-
sponds to the third sub-pixel SP3, and the viewing angle
restricting sub-pixel VSP corresponds to the viewing angle
restricting sub-filter VSF. The first to third sub-color filters
CF1, CF2, and CF3, may include one of a red, green, and
blue color.

[0032] In FIG. 3A, a plurality of gate lines GL and a
plurality of data lines DL are formed on the first substrate
310. The plurality of gate lines GL and the plurality of data
lines DL cross each other to define the four sub-pixels SP1,
SP2, SP3, and VSP. A thin film transistor (TFT) T is formed
in each of the four sub-pixels SP1, SP2, SP3, and VSP. The
TFTT is formed at a crossing portion of the gate line GL. and
data line DL. Furthermore, the TFT T is connected to the
gate line GL and data line DL. A pixel electrode 312 is
formed in the each of the four sub-pixels SP1, SP2, SP3, and
VSP, and 1s connected to the TFT T.

[0033] In FIG. 3B, a black matrix BM is formed on the
second substrate 320. The black matrix BM corresponds to
a non-display region of the first substrate 310 to block light
transmitted into the non-display region. The non-display
region may include portions of the gate line GL, the data line
DL, the TFT T, etc. The black matrix BM includes a plurality
of openings corresponding to the sub-pixels SP1, SP2, SP3,
and VSP, of the first substrate 310. The first to third
sub-color filters CF1, CF2, and CF3, and the viewing angle
restricting sub-filter VSF are formed in the plurality of
openings. A common electrode 322 is formed on the first to
third sub-color filters CF1, CF2, and CF3 and the viewing
angle restricting sub-filter VSF. An electric field is induced
between the pixel electrode 312 and common electrode 322.
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[0034] InFIG. 3B, first and second electric field distorting
patterns 315 and 325 are formed on the pixel and common
electrodes 312 and 322 in the first to third sub-pixels SP1,
SP2, and SP3, and first and third sub-color filters CF1, CF2,
and CF3, respectively. When the first electric field distorting
pattern 315 is formed on the pixel electrode 312 of the first
substrate 310, the second electric field distorting pattern 325
is formed on the common electrode 322 of the second
substrate 320. In contrast, when the first electric field
distorting pattern 315 is formed on the common electrode
322 of the second substrate 320, the second electric fleld
distorting pattern 325 is formed on the pixel electrode 312
of the first substrate 310. The first and second electric field
distorting patterns 315 and 325 distort an electric field
between the pixel electrode 312 and common electrode 322
such that an arrangement of the liquid crystal molecules is
also distorted. The first and second electric field distorting
patterns 315 and 325 may be made of a dielectric substance
and may include a rib pattern or a slit pattern. In the example
of FIGS. 3A and 3B, the first and second electric field
distorting patterns 315 and 325 have a bent shape. However,
they may include a linear shape having oblique angles to the
gate line GL and data line DL.

[0035] In FIGS. 3A and 3B, the first and second electric
field distorting patterns 315 and 325 are alternately arranged
and parallel to each other. The first and second electric field
distorting patterns 315 and 325 are oblique to the gate line
GL and data line DL. The first and second electric field
distorting patterns 315 and 325 may be oblique to the gate
and data lines GL. and DL as much as an angle of 45 degrees.
[0036] In FIGS. 3A and 3B, third and fourth electric field
distorting patterns 335 and 345 are formed on the pixel and
common electrodes 312 and 322 in the viewing angle
restricting sub-pixel VSP and the viewing angle restricting
sub-filter VSF, respectively. Similar to the first and second
electric field distorting patterns 315 and 325, when the third
electric field distorting pattern 335 is formed on the pixel
electrode 312 in the viewing angle restricting sub-pixel VSP,
the fourth electric field distorting pattern 345 is formed on
the common electrode 325 in the viewing angle restricting
sub-filter VSF. When the third electric field distorting pattern
335 is formed on the common electrode 325 in the viewing
angle restricting sub-filter VSF, the fourth electric field
distorting pattern 345 is formed on the pixel electrode 312
in the viewing angle restricting sub-pixel VSP. The third and
fourth electric field distorting patterns 335 and 345 are
alternately arranged and parallel to each other. The third and
fourth electric field distorting patterns 335 and 345 are
parallel to the gate line GL. Accordingly, the third and fourth
electric field distorting patterns 335 and 345 are perpendicu-
lar to the data line DL.

[0037] A first polarizer (not shown) having a first optical
axis and a second polarizer (not shown) having a second
optical axis may be disposed on outer sides of the first and
second substrates 310 and 320, respectively. The third and
fourth electric field distorting patterns 335 and 345 may
have a direction parallel to one of the first and second optical
axes.

[0038] In FIGS. 3A and 3B, when the TFT T turns on, an
electric field induced between the pixel and common elec-
trodes 312 and 322. The arrangement of the liquid crystal
molecules is changed due to the electric field. Accordingly,
transmittance of light is controlled, thereby displaying
images. In the first to third sub-pixels SP1, SP2, and SP3, the
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liquid crystal molecules are symmetrically arranged due to
the first and second electric field distorting patterns 315 and
325. Thus, multi-domains are formed in the each of the
sub-pixels SP1, SP2, and SP3, thereby improving the view-
ing angle.

[0039] In the viewing angle restricting sub-pixel VSP,
when the TFT T turns on, the electric field between the pixel
and common electrodes 312 and 322 is induced, thereby
driving the liquid crystal layer. Therefore, the viewing angle
along left and right sides is restricted due to the third and
fourth electric field distorting patterns 335 and 345. In
addition, when the TFT T of the viewing angle restricting
sub-pixel VSP turns off, the viewing angle is not restricted.
As a result, images are displayed through the first to third
sub-color filters CF1, CF2, and CF3, and the viewing angle
is improved.

[0040] FIGS. 4A to 4D show transmittance and the view-
ing angle of displayed images in an exemplary viewing
angle restricting LCD device.

[0041] FIG. 4A shows transmittance levels in the sub-
pixels. The transmittance in a normally black mode is
substantially 0% in all viewing angles. In a normally white
mode, transmittance in a front side is substantially 100%
wherein the front side represents a 0° (zero degrees) viewing
angle. Therefore, as the viewing angle increases, transmit-
tance decreases.

[0042] FIG. 4B shows transmittance levels in the viewing
angle restricting sub-pixel. When the TFT T turns off,
transmittance in the viewing angle restricting sub-pixel VSP
is substantially 0%. When the TFT T turns on, transmittance
in a front side is substantially 0%. Therefore, as the viewing
angle increases, the transmittance increases and has a maxi-
mum value. The maximum transmittance may be at a
viewing angle of 60° (degrees) from the front side.

[0043] FIG. 4C shows the total transmittance in each pixel
unit when the viewing angle restricting sub-pixel turns on.
Accordingly, in the normally white mode, the total trans-
mittance has a parabolic shaped curve. In addition, in the
normally black mode, the total transmittance has a wave
shaped curve. Furthermore, the wave shaped curve has a low
peak when the viewing angle is 0° (zero degrees), and the
wave shape has an upper peak when the viewing angle is 60°
(degrees).

[0044] FIG. 4D shows the contrast ratio when the viewing
angle is restricted. When the TFT T in the viewing angle
restricting sub-pixel VSP turns on, the contrast ratio in the
front side is large. However, as the viewing angle increases,
the contrast ratio rapidly decreases. Therefore, observation
of the displayed images is restricted from the left and right
sides. Accordingly, when the TFT T in the viewing angle
turns on, the displayed images are only shown from the front
side. In addition, when the TFT T in the viewing angle turns
off, the LCD device displays images without restricting the
viewing angle because the displayed images having the
improved viewing angle are displayed.

[0045] FIGS. 5A and 5B show an exemplary viewing
angle restricting L.CD device according to the present inven-
tion. FIG. 5A shows a pixel unit of the first substrate, and
FIG. 5B shows a pixel unit of the second substrate.

[0046] InFIGS.5A and 5B, the fifth and sixth electric field
distorting patterns 355 and 365 in the viewing angle restrict-
ing sub-pixel VSP and sub-filter VSF, respectively, are
parallel to the data line DL. In FIGS. 3A and 3B, the fifth and
sixth electric field distorting patterns 335 and 345 are
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perpendicular to the gate line GL. Accordingly, since the
fifth and sixth electric field distorting patterns 335 and 345
are arranged in a row, the upper and lower viewing angles
are restricted.

[0047] The two examples mentioned in the previous para-
graph have a problem because the viewing angle is only
restricted in left and right sides or upper and lower sides.
According to an exemplary configuration according to the
present invention as shown in FIGS. 6A and 6F, the viewing
angle restricting LCD devices can simultaneously restrict
the viewing angle in left and right sides and upper and lower
sides. The first substrate of the viewing angle restricting
LCD device includes first and second viewing angle restrict-
ing sub-pixels VSP1 and VSP2 in each unit pixel. In
addition, first and second viewing angle restricting sub-
filters (not shown) corresponding to the first and second
viewing angle restricting sub-pixels VSP1 and VSP2,
respectively, are formed on the second substrate.

[0048] The first viewing angle restricting sub-pixel VSP1
(not shown) and the first viewing angle restricting sub-filter
(not shown) include the third and fourth electric field
distorting patterns 335 and 345 (FIGS. 3A and 3B), respec-
tively, wherein the left and right side viewing angles are
restricted. In addition, the second viewing angle restricting
fifth sub-pixel VSP2 and the sub-filter (not shown) include
the fifth and sixth electric field distorting patterns 355 and
365 (FIGS. 5A and 5B), respectively, so that the viewing
angle in the upper and lower sides is restricted. Furthermore,
the first and second viewing angle restricting sub-pixels
VSP1 and VSP2 may be alternately arranged in each pixel
unit. A pixel unit (not shown) includes the first to third
sub-pixels SP1, SP2, and SP3, and first viewing angle
restricting sub-pixel VSP1. A second pixel unit (not shown)
includes the first to third sub-pixels SP1, SP2, and SP3 and
second viewing angle restricting sub-pixel VSP2. In addi-
tion, the first and second pixel units are alternately arranged
and have either a matrix shape of two by two or a stripe
shape.

[0049] The LCD device having the structure of the previ-
ous paragraph displays images by simultaneously restricting
the viewing angle in left and right sides as well as upper and
lower sides. Accordingly, four sub-pixels including the first
to third sub-pixels SP1, SP2, and SP3, and one of the first
and second viewing angle restricting sub-pixels VSP1 and
VSP2 are arranged in either a matrix shape of two by two or
in a row.

[0050] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
liquid crystal display device of the present invention without
departing from the spirit or scope of the invention. Thus, it
is intended that the present invention cover the modifications
and variations of this invention provided they come within
the scope of the appended claims and their equivalents.

What is claimed is:

1. A liquid crystal display device, comprising:

a first substrate;

a second substrate facing the first substrate;

a liquid crystal layer interposed between the first and
second substrates;

first, second, third, and fourth sub-pixels defined on the
first and second substrates;

a first electric field distorting pattern on the first, second
and third sub-pixels on the first substrate;
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a second electric field distorting pattern on the first,
second and third sub-pixels on the second substrate;

a third electric field distorting pattern on the fourth
sub-pixel on the first substrate; and

a fourth electric field distorting pattern on the fourth
sub-pixel on the second substrate,

wherein the first and second electric field distorting pat-
terns are parallel to each other, and

wherein the third and fourth electric field distorting pat-
terns are parallel to each other at an angle that is
different than that of the first and second distorting
patterns.

2. The device according to claim 1, wherein the first and
second electric field distorting patterns are alternately
arranged and the third and fourth electric field distorting
patterns are alternately arranged.

3. The device according to claim 1, wherein the first,
second, third and fourth electric field distorting patterns
include a dielectric material having one of a rib pattern and
a slit pattern.

4. The device according to claim 1, wherein each of the
first, second and third sub-pixels includes one of red, green,
and blue colors.

5. The device according to claim 1, wherein the sub-pixels
are defined by:

a plurality of gate lines along a first direction on the first

substrate;

a plurality of data lines crossing the plurality of gate lines
to define the first, second, third and fourth sub-pixels;
and

a plurality of thin film transistors connected to the plu-
rality of gate lines and the plurality of data lines.

6. The device according to claim 5, wherein the first and
second distorting patterns have a zigzag shape that is oblique
to the gate lines.

7. The device according to claim 5, wherein the third and
fourth distorting patterns are one of parallel and perpendicu-
lar with respect to the gate lines.

8. The device according to claim 1, wherein the first,
second, third, and fourth sub-pixels are arranged in one of a
matrix shape and a stripe shape.

9. The device according to claim 8, wherein the sub-pixels
are further defined by:

a plurality of pixel electrode formed in each of the first,
second, third, and fourth sub-pixels on an inner surface
of the first substrate, the plurality of pixel electrodes
connected to the plurality of thin film transistors; and

a common electrode on an inner surface of the second
substrate.

10. The device according to claim 1, further comprising:

a fifth sub-pixel defined on the first and second substrates;

a fifth electric field distorting pattern on the fifth sub-pixel
on the first substrate; and

a sixth electric field distorting pattern on the fifth sub-
pixel on the second substrate,

wherein the fifth and sixth electric field distorting patterns
are parallel to each other and perpendicular to the data
lines.

11. The device according to claim 10, further comprising
alternately arranged first and second unit pixels, wherein the
first unit pixel includes the first, second, third and fourth
sub-pixels, and the second unit pixels includes the first,
second, third and fifth sub-pixels.
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12. The device according to claim 1, further comprising a
first polarizer having a first optical axis on an outer surface
of the first substrate and a second polarizer having a second
optical axis on an outer surface of the second substrate.

13. The device according to claim 12, wherein the first
optical axis is perpendicular to the second optical axis.

14. The device according to claim 12, wherein the third
and fourth electric filed distorting patterns are parallel to one
of the first and second optical axes.

15. A liquid crystal display device, comprising:

a first substrate;

a second substrate facing the first substrate;

a liquid crystal layer interposed between the first and

second substrates; and

first, second, third, and fourth sub-pixels defined on the

first and second substrates, the first, second, and third
sub-pixels having electric field distorting patterns to
increase viewing angle, and the fourth sub-pixel having
electric field distorting patterns to restrict viewing
angle.

16. The liquid crystal display device according to claim
15, further comprising: a fifth sub-pixel defined on the first
and second substrates;
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alternately arranged first and second unit pixels,

wherein the first unit pixel includes the first, second, third

and fourth sub-pixels, and the second unit pixels
includes the first, second, third and fifth sub-pixels.

17. The liquid crystal display device according to claim
16, wherein the first, second, third, and fourth sub-pixels are
arranged in one of a matrix shape and a stripe shape.

18. The liquid crystal display device according to claim
16, wherein the first, second, third, and fifth sub-pixels are
arranged in one of a matrix shape and a stripe shape.

19. A liquid crystal display device, comprising:

a first substrate;

a second substrate facing the first substrate;

a liquid crystal layer interposed between the first and

second substrates; and

a pixel array defined on the first and second substrates,

each pixel of the pixel array including at least first,
second, third and fourth sub-pixels such that the fourth
sub-pixel has a restricted viewing angle as compared to
the first, second, and third sub-pixels.
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