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LIQUID CRYSTAL DISPLAY WITH COLOR
UNITS HAVING DIFFERENT WIDTH

FIELD OF THE INVENTION

[0001] The present invention relates liquid crystal displays
(LCDs), and particularly to an LCD which includes a plural-
ity of different colored color units having different widths.

GENERAL BACKGROUND

[0002] An LCD has the advantages of portability, low
power consumption, and low radiation, and has been widely
used in various portable information products such as note-
books, personal digital assistants (PDAs), video cameras and
the like. Furthermore, the LCD is considered by many to have
the potential to completely replace CRT (cathode ray tube)
monitors and televisions. An LCD generally includes a liquid
crystal panel, a driving circuit for driving the liquid crystal
panel, and a backlight module for illuminating the liquid
crystal panel.

[0003] Referring to FIG. 4, a typical LCD 1 includes a
liquid crystal panel 10, and a backlight module 12 located
adjacent to the liquid crystal panel 10. The liquid crystal panel
10 includes a first substrate assembly 14, a second substrate
assembly 16 parallel to the first substrate assembly 14, and a
liquid crystal layer 15 interposed between the first and second
substrate assemblies 14, 16.

[0004] Referring also to FIG. 5, the first substrate assembly
14 includes a first substrate 141, a plurality of gate lines 142
thatare parallel to each other and that each extend along a first
direction, a plurality of data lines 143 that are parallel to each
other and that each extend along a second direction orthogo-
nal to the first direction, a plurality of thin film transistors
(TFTs) 146 that function as switching elements, and a plural-
ity of pixel electrodes 145. The gate lines 142 and data lines
143 cross each other, thereby defining an array of pixel units
144. The plurality of pixel electrodes 145 are formed in the
pixel units 144 respectively. Each TFT 146 is provided in the
vicinity of a respective point of intersection of the gate lines
142 and the data lines 143. A gate electrode 147, a source
electrode 148, and a drain electrode 149 of the TFT 146 are
connected to a corresponding gate line 142, a corresponding
dataline 143, and a corresponding pixel electrode 145 respec-
tively.

[0005] Referring also to FIG. 6, the second substrate
assembly 16 includes a second substrate 161 and a color filter
layer 162 formed on the second substrate 161. The color filter
layer 162 includes a plurality of color units 163 and a black
matrix 164. The color units 163 include a plurality of red units
(R), aplurality of green units (G), and a plurality of blue units
(B). The red, green and blue units are alternately arranged on
the second substrate 161, and each color unit 163 corresponds
to a respective pixel electrode 145. The red, green and blue
units are approximately strip-shaped, and have the same
width. The black matrix 164 is formed between the red, green
and blue units, thereby spacing the red, green and blue units
from each other. The black matrix 164 is positioned corre-
sponding to the gate lines 142, the data lines 143 and the TFTs
146 of the first substrate assembly 14.

[0006] The naked human eye can see light having a wave-
length in the range from 390~780 nanometers, and can dis-
tinguish 120~180 colors including the seven primary colors:
purple, blue, cyan, green, yellow, orange and red. When light
enters the human eye, color perception occurs in the human
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brain. According to optical physics, red, green and blue colors
canbe mixed to generate white color or any other colors inthe
spectrum. Because the sensitiveness of the human eye to
different colors is different, the red, green and blue units of the
color filter layer 162 are perceived to have different widths
when viewed by the human eye. This can impair the color
effect ofimages displayed on the LCD 1 and viewed by a user.
[0007] What is needed, therefore, is a new LCD that can
overcome the above-described deficiencies.

SUMMARY

[0008] In one preferred embodiment, a liquid crystal dis-
play includes a liquid crystal panel, and a backlight module
located adjacent to the liquid crystal panel. The liquid crystal
panel includes a first substrate assembly and a second sub-
strate assembly parallel to the first substrate assembly. The
second substrate assembly includes a color filter layer. The
color filter layer includes a plurality of red units, a plurality of
green units, and a plurality of blue units. The red, green and
blue units are approximately strip-shaped. A ratio of a width
of each red unit to a width of each green unit is in direct
proportion to a ratio of the wavelength of red light to the
wavelength of green light. A ratio of the width of each green
unit to a width of each blue unit is in inverse proportion to a
ratio of the wavelength of green light to the wavelength of
blue light.

[0009] Other novel features and advantages will become
more apparent from the following detailed description when
taken in conjunction with the accompanying drawings. In the
drawings, all the views are schematics

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is an exploded, side-on view of an LCD
according to an exemplary embodiment of the present inven-
tion, the liquid crystal display including a liquid crystal panel,
the liquid crystal panel including a first substrate assembly
and a second substrate assembly.

[0011] FIG. 2 is an enlarged, top plan view of part of the
first substrate assembly of the liquid crystal display of FIG. 1.
[0012] FIG. 3 is an enlarged, top plan view of part of the
second substrate assembly of the liquid crystal display of
FIG. 1, corresponding to the part of the first substrate assem-
bly shown in FIG. 2.

[0013] FIG. 4 is an exploded, side-on view of a conven-
tional LCD, the liquid crystal display including a liquid crys-
tal panel, the liquid crystal panel including a first substrate
assembly and a second substrate assembly.

[0014] FIG. 5 is an enlarged, top plan view of part of the
first substrate assembly of the liquid crystal display of FIG. 4.
[0015] FIG. 6 is an enlarged, top plan view of part of the
second substrate assembly of the liquid crystal display of
FIG. 4, corresponding to the part of the first substrate assem-
bly shown in FIG. 5.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0016] Referring to FIG. 1, a typical LCD 2 includes a
liquid crystal panel 10 and a backlight module 12 located
adjacenttothe liquid crystal panel 10. The liquid crystal panel
10 includes a first substrate assembly 14, a second substrate
assembly 16 parallel to the first substrate assembly 14, and a
liquid crystal layer 15 interposed between the first and second
substrate assemblies 14, 16.
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[0017] Referring also to FIG. 2, the first substrate assembly
24 includes a first substrate 241, a plurality of gate lines 242
thatare parallel to each other and that each extend along a first
direction, a plurality of data lines 243 that are parallel to each
other and that each extend along a second direction orthogo-
nal to the first direction, a plurality of thin film transistors
(TFTs) 246 that function as switching elements, and a plural-
ity of pixel electrodes 245. The gate lines 242 and data lines
243 cross each other, thereby defining an array of pixel units
244. The plurality of pixel electrodes 245 are formed in the
pixel units 244 respectively. Each TFT 246 is provided in the
vicinity of a respective point of intersection of the gate lines
242 and the data lines 243. A gate electrode 247, a source
electrode 248, and a drain electrode 249 of the TFT 246 are
connected to a corresponding gate line 242, a corresponding
dataline 243, and a corresponding pixel electrode 245 respec-
tively. The first substrate 241 can be made from glass or
quartz.

[0018] Referring also to FIG. 3, the second substrate
assembly 26 includes a second substrate 261 and a color filter
layer 262 formed on the second substrate 261. The color filter
layer 262 includes a plurality of color units 263 and a black
matrix 264. The color units 263 include a plurality of red units
(R), aplurality of green units (G), and a plurality of blue units
(B). The red, green and blue units are arranged on the second
substrate 261 in a predetermined pattern, and each color unit
263 corresponds to a respective pixel electrode 245. The
black matrix 264 is formed between the red, green and blue
units, thereby spacing the red, green and blue units from each
other. The black matrix 264 is positioned corresponding to the
gate lines 242, the data lines 243, and the TF Ts 246 of the first
substrate assembly 24. The second substrate 261 can be made
from glass or quartz.

[0019] The red, green and blue units are approximately
strip-shaped. Each color unit 263 includes two opposite,
straight, long sides. All the contour lines of each color unit
263 are straight. In the illustrated embodiment, each color
unit 263 is rectangular except for a cutout defined at one end,
the cutout corresponding to the respective TFT 246. The red
units, the green units and the blue units have different widths.
A ratio of a width of each red unit to a width of each green unit
is in direct proportion to a ratio of the wavelength of red light
to the wavelength of green light. A ratio of the width of each
green unit to a width of each blue unit is in inverse proportion
to aratio of the wavelength of green light to the wavelength of
blue light. A wavelength of red light emitted from a red
material (pigment) of the red units is approximately equal to
700 nanometers. A wavelength of green light emitted from a
green material (pigment) of the green units is approximately
equal to 546.1 nanometers. A wavelength of light emitted
from a blue material (pigment) of the blue units is approxi-
mately equal to 435.8 nanometers. Thus, a ratio of a width of
each red unit to a width of each green unit and to a width of
each blue unit is approximately 1.28:1:1.25. In practical
applications, a tolerance of the above three-color width ratio
must be equal to or less than 1%.

[0020] In summary, the red units, the green units, and the
blue units are have different widths from each other. This
configuration compensates for the different sensitiveness of
the human eye to red, green and blue colors and the different
wavelengths of red, green and blue light. Therefore the red,
green and blue units have substantially the same visual width
as perceived by the human eye. This can improve the color
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effect of images displayed on the liquid crystal display 2 and
viewed by a user. That is, the liquid crystal display 2 has
improved color performance.

[0021] In an alternative embodiments, each of the red,
green and blue units can include curved contour lines.
[0022] Tt is to be further understood that even though
numerous characteristics and advantages of the present
embodiments have been set out in the foregoing description,
together with details of the structures and functions of the
embodiments, the disclosure is illustrative only, and changes
may be made in detail, especially in matters of shape, size,
and arrangement of parts within the principles of the inven-
tion to the full extent indicated by the broad general meaning
of the terms in which the appended claims are expressed.

What is claimed is:

1. A liquid crystal display comprising:

a liquid crystal panel; and

a backlight module located adjacent to the liquid crystal

panel;

wherein the liquid crystal panel comprises:

a first substrate assembly; and

asecond substrate assembly parallel to the first substrate
assembly, the second substrate assembly comprising
a color filter layer, the color filter layer comprising a
plurality of red units, a plurality of green units, and a
plurality of blue units, the red, green and blue units
being approximately strip-shaped, a ratio of a width of
each red unit to a width of each green unit being in
direct proportion to a ratio of the wavelength of red
light to the wavelength of green light, and aratio of the
width of each green unit to a width of each blue unit
being in inverse proportion to a ratio of the wave-
length of green light to the wavelength of blue light.

2. The liquid crystal display as claimed in claim 1, wherein
a wavelength of red light emitted from a red material of the
red units 1s approximately equal to 700 nanometers, a wave-
length of green light emitted from a green material of the
green units is approximately equal to 546.1 nanometers, and
awavelength of blue light emitted from a blue material of the
blue units is approximately equal to 435.8 nanometers.

3. The liquid crystal display as claimed in claim 2, wherein
aratio of the width of each red unit to the width of each green
unit and to the width of each blue unit is approximately
1.28:1:1.25.

4. The liquid crystal display as claimed in claim 1, wherein
each of the red, green and blue units includes straight contour
lines.

5. The liquid crystal display as claimed in claim 1, wherein
each of the red, green and blue units includes curved contour
lines.

6. The liquid crystal display as claimed in claim 1, wherein
the first substrate assembly comprises a first substrate, a plu-
rality of gate lines that are parallel to each other and that each
extend along a first direction, a plurality of data lines that are
parallel to each other and that each extend along a second
direction orthogonal to the first direction, a plurality of thin
film transistors (TFTs) that function as switching elements,
and a plurality of pixel electrodes.

7. The liquid crystal display as claimed in claim 6, wherein
the gate lines and data lines cross each other, thereby defining
an array of pixel units, the pixel electrodes being provided in
the pixel units respectively.
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8. The liquid crystal display as claimed in claim 7, wherein
each TFT is provided in the vicinity of a respective point of
intersection of the gate lines and the data lines.

9. The liquid crystal display as claimed in claim 6, wherein
a gate electrode, a source electrode, and a drain electrode of
each TFT are connected to a corresponding gate line, a cor-
responding data line, and a corresponding pixel electrode
respectively.

10. The liquid crystal display as claimed in claim 6,
wherein the second substrate assembly further comprises a
second substrate, the color filter layer being formed at the
second substrate.

11. The liquid crystal display as claimed in claim 10,
wherein the first and second substrates are made from glass or
quartz.

12. The liquid crystal display as claimed in claim 10,
wherein the color filter layer further comprises a black matrix
formed between the red, green and blue units, thereby spacing
the red, green and blue units from each other.

13. The liquid crystal display as claimed in claim 12,
wherein the black matrix is positioned corresponding to the
gate lines, the data lines and the TFTs of the first substrate
assembly.

14. A liquid crystal display comprising:

a liquid crystal panel; and

a backlight module located adjacent to the liquid crystal

panel;

wherein the liquid crystal panel comprises:

a first substrate;

a second substrate parallel to the first substrate; and

acolor filter layer provided at an inner side of the second
substrate, the color filter layer comprising a plurality
of color units having different colors, the different
colored color units having different physical widths
according to different sensitiveness of the human eye
to each of the different colors and different wave-
lengths of each of the different colors, such that the
color units have substantially the same visual width as
perceived by the human eye.
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15. The liquid crystal display as claimed in claim 14,
wherein the different colors include red, green, and blue.

16. The liquid crystal display as claimed in claim 15,
wherein a wavelength of red light emitted from a red material
of the red units is approximately equal to 700 nanometers, a
wavelength of green light emitted from a green material of the
green units is approximately equal to 546.1 nanometers, and
awavelength of blue light emitted from a blue material of the
blue units is approximately equal to 435.8 nanometers.

17. The liquid crystal display as claimed in claim 16,
wherein a ratio of the width of each red unit to the width of
each green unit and to the width of each blue unit is approxi-
mately 1.28:1:1.25.

18. The liquid crystal display as claimed in claim 15,
wherein the second substrate assembly further comprises a
second substrate, the color filter layer being formed at the
second substrate.

19. The liquid crystal display as claimed in claim 18,
wherein the color filter layer further comprises a black matrix
formed between the red, green and blue units, thereby spacing
the red, green and blue units from each other.

20. A liquid crystal display comprising:

a liquid crystal panel; and

a backlight module located adjacent to the liquid crystal

panel;

wherein the liquid crystal panel comprises:

a first substrate;

a second substrate parallel to the first substrate; and

acolor filter layer provided at an inner side of the second
substrate, the color filter layer comprising three
groups of color units having three different colors
thereof, at least two groups of color units having dif-
ferent physical widths with each other, wherein

said different widths are dimensioned according to a
ratio between wavelengths of said two different colors
of said two groups of color units.
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