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verter having a plurality of wavelength conversion areas and
a plurality of transparent areas. The wavelength conversion
areas are disposed at the positions corresponding to red and
green filters while the transparent areas are disposed at the
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through the transparent areas. With such arrangement, the
(30) Foreign Application Priority Data displayed brightness and saturation of red and green colors
can be improved, and the displayed brightness and satura-
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COLOR LIQUID CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] This invention generally relates to a color liquid
crystal display, and more particularly, to a transmissive or
transflective color liquid crystal display.

[0003] 2. Description of the Related Art

[0004] In general, a transmissive color liquid crystal dis-
play (LCD) is provided with white light sources to illumi-
nate the liquid crystal cell thereof. After passing through the
inner color filters of the liquid crystal cell, the illuminating
white light is filtered into three primary colors of red, green
and blue. The mixture of the three primary colors can
produce a full-color display image. The cold cathode fluo-
rescent lamps (CCFLs) or white LEDs are commonly used
to generate the illuminating white light.

[0005] With reference to FIG. 1, a conventional color LCD
100 includes a liquid crystal cell 140 comprising a liquid
crystal layer 146 sandwiched in between two transparent
substrates 142 and 144. A plurality of color filters 148 is
disposed between the substrates 142 and 144. Polarizers 150
and 130 are arranged such that the substrates 142 and 144
are between the polarizers 150 and 130. A backlight module
110 including a white light source 112 such as white LED is
disposed below the polarizer 130.

[0006] After passing through the polarizer 130, the white
light emitted from the white light source 112 is polarized
into a light of specified polarization and then incident upon
the liquid crystal cell 140. When the polarized white light
passes through the color filters 148 and travels through the
twisted liquid crystal molecules, the polarized white light is
filtered and transformed into red, green and blue lights of
different polarization. The filtered lights are then incident
upon the polarizer 150 and turned into lights of different
colors and intensities. The mixture of the lights of different
colors and intensities produces a full-color display image.
[0007] In order to emit the illuminating white light, a
fluorescent material is coated on the surface of the LED 112
or doped in the LED 112. The fluorescent material can
convert the blue light emitted from LED to the illuminating
white light. Because the composition of the fluorescent
material can substantially change the rate of the blue light
converted to the yellow light, it is difficult to achieve the
desired composition of the fluorescent material. Further-
more, it is still unsatisfied for the color purity and brightness
of the color lights which are converted from the white light
after it passes through the color filters.

[0008] In view of the above, there exists a need to provide
a color liquid crystal display that has improved color purity
and brightness.

SUMMARY OF THE INVENTION

[0009] It is an object of the present invention to provide a
color liquid crystal display that can improve the displayed
brightness and saturation of red and green colors as well as
enhance the displayed brightness and saturation of blue
color.

[0010] In one embodiment, the color liquid crystal display
includes two opposite upper and lower transparent sub-
strates, a liquid crystal layer, a plurality of red filters, a
plurality of green filters, a backlight module, a wavelength
converter and two polarizers. The liquid crystal layer is
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disposed between the two transparent substrates. The sur-
face of one transparent substrate facing the opposite trans-
parent substrate has a plurality of first areas, a plurality of
second areas and a plurality of third areas. The red filters are
disposed on the first areas and the green filters are disposed
on the second areas. The backlight module has a blue light
source and is disposed below the lower transparent sub-
strate. The wavelength converter has a plurality of wave-
length conversion areas and a plurality of transparent areas,
and is disposed between the lower transparent substrate and
backlight module. The wavelength conversion areas are
disposed at the positions corresponding to the red filters and
green filters. The transparent areas are disposed at the
positions corresponding to the third areas. One polarizer is
disposed above the upper transparent substrate and the other
polarizer is disposed between the wavelength converter and
lower transparent substrate.

[0011] In another embodiment, the color liquid crystal
display further includes a reflection layer having a plurality
of openings thereon and the reflection layer is disposed on
the lower transparent substrate and faces the upper trans-
parent substrate.

[0012] The foregoing, as well as additional objects, fea-
tures and advantages of the invention will be more readily
apparent from the following detailed description, which
proceeds with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a schematic diagram illustrating a con-
ventional color liquid crystal display.

[0014] FIG. 2 is a schematic diagram illustrating a trans-
missive color liquid crystal display according to the first
embodiment of the present invention.

[0015] FIG. 3 illustrates the spectra of the light emitted
from the blue backlight source of the transmissive color
liquid crystal display in FIG. 2 both before and after passing
through the wavelength conversion areas of the transmissive
color liquid crystal display.

[0016] FIG. 4 illustrates the spectrum of the white back-
light LED used in the conventional color liquid crystal
display.

[0017] FIG. 5 is a schematic diagram illustrating a trans-
missive color liquid crystal display according to the second
embodiment of the present invention.

[0018] FIG. 6 is a schematic diagram illustrating a trans-
flective color liquid crystal display according to the third
embodiment of the present invention.

[0019] FIG. 7 is a schematic diagram illustrating a trans-
flective color liquid crystal display according to the fourth
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0020] With reference to FIG. 2, a transmissive color
liquid crystal display 200 according to the first embodiment
of the present invention includes a display panel 290 and a
backlight module 210 disposed below the display panel 290.
The backlight module includes a blue light source 212 such
as a blue LED for emitting a blue light. The display panel
290 includes a liquid crystal cell 240 having a liquid crystal
layer 246 sandwiched in between an upper transparent
substrate 242 and a lower transparent substrate 244. A filter
area 280 having a plurality of red filters 247, green filters
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248 and blue filters 249 is disposed between the substrates
242, 244. The red filters 247, green filters 248 and blue filters
249 are respectively disposed on the first areas 241, the
second areas 243 and third areas 245 of the lower transparent
substrate 244. An upper polarizer 250 is disposed above the
upper transparent substrate 242 and a lower polarizer 230 is
disposed under the lower transparent substrate 244. A wave-
length converter 220 is disposed below the lower polarizer
230 and has a plurality of wavelength conversion areas 222
and a plurality of transparent areas 224. The wavelength
conversion areas 222 possess wavelength conversion capa-
bility of converting a light from one wavelength to another
wavelength. The wavelength conversion areas 222 can be,
for example, a film with fluorescent material 226 and has the
ability of diffusing light. The transparent areas 224 are not
capable of converting the wavelength of a light. The trans-
parent areas 224 can be made of a transparent material or be
aplurality of openings on the wavelength converter 220. The
wavelength conversion areas 222 are disposed at the posi-
tions corresponding to a plurality of red and green filters
247, 248 while the transparent areas 224 are disposed at the
positions corresponding to the third areas 245.

[0021] After passing through the wavelength conversion
areas 222, the blue light emitted from the blue light source
212 of the backlight module 210 is converted to a broadband
yellow light whose central wavelength is between 530 nm to
600 nm. The broadband yellow light will be subsequently
converted to a desired red or green light when it passes
through red or green filters 247, 248. The blue light will
experience no change in wavelength when it passes through
the transparent areas 224 and then passes through the blue
filters 249 to be the desired blue light.

[0022] With reference to FIG. 3, it illustrates the spectra of
the light emitted from the blue backlight source 212 both
before and after passing through the wavelength conversion
areas 222, wherein the curve A is the spectrum of the light
directly emitted from the blue LED and the curve B is the
spectrum of the light emitted from the blue LED and
converted by the wavelength conversion areas 222. As
shown in the figure, most of the blue light is converted to a
broadband yellow light after passing the wavelength con-
version areas 222 and only a little blue light component is
remaining. With reference to FIG. 4, it illustrates the spec-
trum of a white backlight LED. As shown in the figure, the
most intensive component in the spectrum is blue light and
the intensity of yellow light component in the spectrum is
only about one half of that of the blue light component.
Accordingly, there is still a certain amount of blue light left
in the spectrum after the white light emitted from the white
backlight LED passes through the red filters or green filters.
The resulting red or green lights will have a poor color purity
and brightness. However, the resulting broadband yellow
light converted from the blue light by the wavelength
conversion areas 222 will be filtered into a red light or green
light after passing through the red filter 247 or green filter
248. The resulting red or green lights possess a better color
purity and brightness because the broadband yellow light
has only a little blue light component.

[0023] With reference to Table 1, it illustrates the simu-
lation results of the transmissive color liquid crystal display
200 with the wavelength conversion areas 222 according to
the present invention and the conventional color liquid
crystal display 100 with the white LED backlight 112,
wherein L is the luminance, x and y are x and y coordinates
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of the C.ILE. color space respectively. As can be seen in the
table, the NTSC Ratio of the display 200 has increased by
about 30% as compared with that of the conventional
display 100. The luminance of the display 200 has also
increased by about 50% as compared with that of the display
100. It is therefore apparent that the liquid crystal display
200 with the wavelength conversion areas 222 has a rela-
tively good color performance than the conventional liquid
crystal display 100 with the white LED backlight 112.

TABLE 1
NTSC
Ttem L (ed/m?) X y Ratio (%)
Display R 35.75 0.596 0.329 46.45
without G 89.51 0319 0.517
wavelength B 25.53 0.134  0.112
conversion W 150.79 0.295  0.296
area
Display R 45.30 0.639 0.357 60.54
with G 175.80 0.347 0.575
wavelength B 38.20 0.122  0.087
conversion W 259.30 0276 0.297
area
[0024] The performance difference between the displays

200 and 100 is because the fluorescent material 226 of the
wavelength conversion areas 222 is different from that
coated on or doped in the LED 112. Such performance
difference is essentially resulted from the fact that the white
light emitted from the white LED 112 has to possess a
relatively large amount of blue light component so that the
blue light to be displayed is still intensive enough after
passing through the blue filters 249. The light emitted from
wavelength conversion areas 222 is not required to have a
blue light component because the blue light passing through
the blue filters 249 is directly from the blue LED 212.
[0025] The color liquid crystal display 200 with the wave-
length conversion areas 222 can still function well even in
the absence of the blue filters 249. Specifically, the filter area
280 can consist essentially of a plurality of red filters 247
and a plurality of green filters 248 (not shown in the figure).
Because the blue light emitted from the blue LED 212
includes only the blue light component, it is not necessary to
filter the blue light by the blue filters 249. Such arrangement
can reduce the production cost as well as the loss of blue
light caused due to passing through the filters. In addition,
the fluorescent material 226 in the wavelength conversion
areas 222 can be coated on or doped in a substrate. The
fluorescent material 226 has the structure of yttrium alumi-
num garmet (YAG) and its thickness is between about 10 nm
to about 100000 nm. The film 222 can be made of acrylic
resin, polyether sulfone (PES), poly ethylene terephthalate
(PET), polycarbonate (PC) or polyarylate. The third areas
245 cover about 1% to about 40% of the total area of the first
areas 241, second areas 243 and third areas 245. The first
areas 241 and second areas 243 cover respectively about
10% to about 50% of the total area of the first areas 241,
second areas 243 and third areas 245.

[0026] Furthermore, each of the wavelength conversion
areas 222 of the color liquid crystal display 200 according to
the first embodiment of the present invention can include a
first wavelength conversion area 222a and a second wave-
length conversion area 222b. The first wavelength conver-
sion areas 2224 are disposed at the positions corresponding
to the red filters 247 while the second wavelength conver-
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sion areas 222b are disposed at the positions corresponding
to the green filters 248. The fluorescent materials 226 on the
first wavelength conversion areas 222a and second wave-
length conversion areas 2225 are a fluorescent material 2264
and a fluorescent material 2264 respectively. This will cause
the blue light passing through the first wavelength conver-
sion areas 222a is converted to a red light whose central
wavelength is 620 nm to 780 nm, while the blue light
passing through the second wavelength conversion areas
222b is converted to a green light whose central wavelength
is between 500 nm to 580 nm. The converted red light and
green light will be further converted to a desired red or green
light when they pass through the red filters 247 and green
filters 248 respectively.

[0027] With reference to FIG. 5, a transmissive color
liquid crystal display 300 according to the second embodi-
ment of the present invention is similar to the display 200
shown in FIG. 2. Thus, any further illustrations of the
display 300 are omitted herein. The difference between the
displays 200 and 300 is that the red filters 247, green filters
248 and blue filters 249 in the display 300 are disposed on
the upper transparent substrate 242.

[0028] With reference to FIG. 6, a transflective color
liquid crystal display 400 according to the third embodiment
of the present invention is the same as the display 200 shown
in FIG. 2 except that the display 400 further includes a
reflection layer 270 having a plurality of openings 272
thereon and the reflection layer 270 is disposed on the lower
transparent substrate 244. The blue light emitted from the
LED 212 can travel through the openings 272 to reach a
viewer’s eyes. An ambient light can be reflected by the
reflection layer 270 to serve as illuminating light and thus
the overall power consumption of the display 400 is reduced.
[0029] With reference to FIG. 7, a transflective color
liquid crystal display 500 according to the fourth embodi-
ment of the present invention is the same as the display 300
shown in FIG. 5 except that the display 500 further includes
a reflection layer 270 having a plurality of openings 272
thereon and the reflection layer 270 is disposed on the lower
transparent substrate 244. In addition, the red filters 247,
green filters 248 and blue filters 249 in the display 500 are
disposed on the upper transparent substrate 242, which is
different from the display 400 of which filters 247, 248 and
249 are disposed on the lower transparent substrate 244.
[0030] The openings 272 formed on the first areas 241 in
the transflective color liquid crystal displays 400 and 500
cover about 2% to about 99% of the first areas 241. The
openings 272 formed on the second areas 243 cover about
2% to about 99% of the second areas 243. The openings 272
formed on the third areas 245 cover about 1% to about 60%
of the third areas 245. Since the displays 400 and 500 are
similar to the display 200, any further illustrations of the
same elements will be omitted.

[0031] The color liquid crystal displays of the present
invention have the wavelength conversion areas and thus
can present excellent color brightness and saturation. Such
excellent performance can be achieved by using backlights
of single color. Furthermore, the color liquid crystal displays
of the present invention are not required to be provided with
blue filters, and the production cost as well as the loss of blue
light caused due to passing through the filters can thus be
reduced.

[0032] Although the preferred embodiments of the inven-
tion have been disclosed for illustrative purposes, those
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skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the
accompanying claims.

What is claimed is:

1. A transmissive color liquid crystal display, comprising:

two opposite upper and lower transparent substrates,

wherein the surface of one transparent substrate facing
the opposite transparent substrate has a plurality of first
areas, a plurality of second areas and a plurality of third
areas;

a liquid crystal layer disposed between the two transpar-

ent substrates;

a plurality of red filters disposed on the first areas;

a plurality of green filters disposed on the second areas;

a backlight module having a blue light source disposed

below the lower transparent substrate;

awavelength converter disposed between the lower trans-

parent substrate and backlight module, the wavelength
converter having a plurality of wavelength conversion
areas and a plurality of transparent areas, the wave-
length conversion areas disposed at the positions cor-
responding to the red filters and green filters, the
transparent areas disposed at the positions correspond-
ing to the third areas;

a first polarizer disposed above the upper transparent

substrate; and

a second polarizer disposed between the wavelength

converter and lower transparent substrate.

2. The transmissive color liquid crystal display as claimed
in claim 1, wherein the blue light emitted from the blue light
source is converted to a light whose central wavelength is
between 530 nm to 600 nm when the light passes through the
wavelength conversion areas.

3. The transmissive color liquid crystal display as claimed
in claim 1, wherein each of the wavelength conversion areas
has a first wavelength conversion area and a second wave-
length conversion area, the first wavelength conversion
areas are disposed at the positions corresponding to the red
filters, the second wavelength conversion areas are disposed
at the positions corresponding to the green filters, the blue
light emitted from the blue light source is converted to a
light whose central wavelength is between 620 nm to 780
nm when the light passes through the first wavelength
conversion areas, the blue light emitted from the blue light
source is converted to a light whose central wavelength is
between 500 nm to 580 nm when the light passes through the
second wavelength conversion areas.

4. The transmissive color liquid crystal display as claimed
in claim 1, wherein the wavelength conversion areas are
made of a film with fluorescent material.

5. The transmissive color liquid crystal display as claimed
in claim 4, wherein the fluorescent material has the structure
of yttrium aluminum gamet (YAG).

6. The transmissive color liquid crystal display as claimed
in claim 4, wherein the fluorescent material is coated on the
wavelength conversion areas.

7. The transmissive color liquid crystal display as claimed
in claim 4, wherein the fluorescent material is doped in the
wavelength conversion areas.

8. The transmissive color liquid crystal display as claimed
in claim 4, wherein the fluorescent material has a thickness
of between about 10 nm to about 100000 nm.
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9. The transmissive color liquid crystal display as claimed
in claim 4, wherein the film is made of one selected from the
group consisting of acrylic resin, polyether sulfone (PES),
poly ethylene terephthalate (PET), poly carbonate (PC) and
polyarylate.

10. The transmissive color liquid crystal display as
claimed in claim 1, wherein the third areas cover about 1%
to about 40% of the total area of the first areas, second areas
and third areas, the first areas and second areas cover
respectively about 10% to about 50% of the total area of the
first areas, second areas and third areas.

11. The transmissive color liquid crystal display as
claimed in claim 1, wherein the transparent areas are made
of a transparent material.

12. The transmissive color liquid crystal display as
claimed in claim 1, wherein the transparent areas are a
plurality of openings formed on the wavelength converter.

13. A transflective color liquid crystal display, compris-
ing:

two opposite upper and lower transparent substrates,
wherein the surface of one of the two transparent
substrates facing the opposite transparent substrate has
a plurality of first areas, a plurality of second areas and
a plurality of third areas;

a liquid crystal layer disposed between the two transpar-
ent substrates;

a reflection layer having a plurality of openings thereon
disposed on the lower transparent substrate and facing
the upper transparent substrate;

a plurality of red filters disposed on the first areas;

a plurality of green filters disposed on the second areas;

a backlight module having a blue light source disposed
below the lower transparent substrate;

awavelength converter disposed between the lower trans-
parent substrate and backlight module, the wavelength
converter having a plurality of wavelength conversion
areas and a plurality of transparent areas, the wave-
length conversion areas disposed at the positions cor-
responding to the red filters and green filters, the
transparent areas disposed at the positions correspond-
ing to the third areas;

a first polarizer disposed above the upper transparent
substrate; and

a second polarizer disposed between the wavelength
converter and lower transparent substrate.

14. The transflective color liquid crystal display as
claimed in claim 13, wherein the blue light emitted from the
blue light source is converted to a light whose central
wavelength is between 530 nm to 600 nm when the light
passes through the wavelength conversion areas.

15. The transflective color liquid crystal display as
claimed in claim 13, wherein each of the wavelength con-
version areas has a first wavelength conversion area and a
second wavelength conversion area, the first wavelength
conversion areas are disposed at the positions corresponding
to the red filters, the second wavelength conversion areas are
disposed at the positions corresponding to the green filters,
the blue light emitted from the blue light source is converted
to a light whose central wavelength is between 620 nm to
780 nm when the light passes through the first wavelength
conversion areas, the blue light emitted from the blue light
source is converted to a light whose central wavelength is
between 500 nm to 580 nm when the light passes through the
second wavelength conversion areas.
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16. The transflective color liquid crystal display as
claimed in claim 13, wherein the wavelength conversion
areas are made of a film comprised of fluorescent material.

17. The transflective color liquid crystal display as
claimed in claim 16, wherein the fluorescent material has the
structure of yttrium aluminum garnet (YAG).

18. The transflective color liquid crystal display as
claimed in claim 16, wherein the fluorescent material is
coated on the wavelength conversion areas.

19. The transflective color liquid crystal display as
claimed in claim 16, wherein the fluorescent material is
doped in the wavelength conversion areas.

20. The transflective color liquid crystal display as
claimed in claim 16, wherein the fluorescent material has a
thickness of between about 10 nm to about 100000 nm.

21. The transflective color liquid crystal display as
claimed in claim 16, wherein the film is made of one selected
from the group consisting of acrylic resin, polyether sulfone
(PES), poly ethylene terephthalate (PET), poly carbonate
(PC) and polyarylate.

22. The transflective color liquid crystal display as
claimed in claim 13, wherein the openings disposed on the
first areas cover about 2% to about 99% of the first areas, the
openings disposed on the second areas cover about 2% to
about 99% of the second areas, and the openings disposed on
the third areas cover about 1% to about 60% of the third
areas.

23. The transflective color liquid crystal display as
claimed in claim 13, wherein the transparent areas are made
of a transparent material.

24. The transflective color liquid crystal display as
claimed in claim 13, wherein the transparent areas are a
plurality of openings on the wavelength converter.

25. A color liquid crystal display, comprising:

two opposite upper and lower transparent substrates,
wherein the surface of one of the two transparent
substrates facing the opposite transparent substrate has
a plurality of first areas, a plurality of second areas and
a plurality of third areas;

a liquid crystal layer disposed between the two transpar-
ent substrates;

a filter area consisting essentially of a plurality of red
filters and a plurality of green filters, the red filters
disposed on the first areas, the green filters disposed on
the second areas;

a backlight module having a blue light source disposed
below the lower transparent substrate;

awavelength converter disposed between the lower trans-
parent substrate and backlight module, the wavelength
converter having a plurality of wavelength conversion
areas and a plurality of transparent areas, the wave-
length conversion areas disposed at the positions cor-
responding to the red filters and green filters, the
transparent areas disposed at the positions correspond-
ing to the third areas;

a first polarizer disposed above the upper transparent
substrate; and

a second polarizer disposed between the wavelength
converter and lower transparent substrate.

26. The color liquid crystal display as claimed in claim 25,

further comprising:

a reflection layer having a plurality of openings thereon,
the reflection layer disposed on the lower transparent
substrate and facing the upper transparent substrate.
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