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(57) ABSTRACT

A liquid erystal display (LCD) panel and a LCD device using
the same are provided. The LCD panel includes a first sub-
strate, a second substrate, a liquid crystal layer, an optical
filter layer and a color conversion layer. The first substrate and
the second substrate correspond to each other and seal the
liquid crystal layer. Several pixels are constituted by the first
substrate and the second substrate. The optical filter layer is
disposed on the first substrate for a first color light to pass
through. The color conversion layer is disposed at the second
substrate. The color conversion layer has a first color conver-
sionarea, a second color conversion area and a passing area in
each pixel, such that a second color light and a third color light
are produced after the first color light passes through the first
color conversion area and the second color conversion area,
respectively.

35 Claims, 5 Drawing Sheets
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LIQUID CRYSTAL DISPLAY PANEL AND
LIQUID CRYSTAL DISPLAY DEVICE USING
THE SAME

This application claims the benefit of Taiwan application
Serial No. 96119398, filed May 30, 2007, the subject matter
of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates in general to a liquid crystal display
(LCD) panel and a LCD device using the same, and more
particularly to a transflective type LCD panel and a LCD
device using the same.

2. Description of the Related Art

Liquid crystal display (LCD) panels are widely used in
electronic devices such as mobile phones, personal digital
assistants (PDAs) and notebook computers.

LCD panels are classified into several types such as reflec-
tive type LCD panels, transmissive type LCD panels and
transflective type LCD panels according to sources of lights.
The reflective type LCD panels use reflective plates to reflect
an external light for providing light. The transmissive type
LCD panels use backlight modules to generate a backlight for
providing light. The transflective type LCD panels possessing
the properties of the above-mentioned two types of the LCD
panels use an external light (as the case in reflective type LCD
panels) and a backlight (as the case in transmissive type LCD
panels) to provide light.

Referring to FIG. 1A, a side view of a conventional trans-
flective type LCD panel is shown. The transflective type LCD
panel 100 includes a transflective plate 150 and a backlight
module 110. By means of the transflective plate 150, the
transflective type LCD panel 100 is capable of using both an
external light .11 and a backlight 112 provided by the back-
light module 110. However, the transflective plate 150 has
lower transmission rate and lower reflectivity. When the
transflective type LCD panel 100 is at the reflective mode, the
external light is reflected by the transflective plate 150, so as
to lower the overall light utilization rate.

Referring to FIG. 1B, a side view of another conventional
transflective type LCD panel is shown. The transflective type
LCD panel 200 includes a backlight module 210. Besides, the
transflective type LCD panel 200 has a reflective plate 251 in
each of the sub-pixels 270 to form a reflecting area 281. A
light passing area 282 is formed outside the reflecting area
281 of the sub-pixel 270. The reflecting area 281 is capable of
reflecting an external light .21, and the light passing area 282
allows a backlight .22 provided by the backlight module 210
to pass through. Thus, the transflective type LCD panel 200 is
capable of using the external light 1.21 and the backlight .22
at the same time. At the reflective mode, the transflective type
LCD panel 200 can display an image by using the reflecting
area 281 to reflect the external light. However, as the sub-
pixel 270 has both the reflecting area 281 and the light passing
area 282, the aperture ratio of the transflective type LCD
panel 200 at the transmissive mode and the reflective mode
becomes smaller.

SUMMARY OF THE INVENTION

The invention is directed to a LCD panel and a LCD device
using the same. The LCD panel has an optical filter layer and
a color filter layer. An external light and a backlight are used
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via the optical filter layer, and the color of a visible light
passing through the color filter layer is converted to different
color.

According to a first aspect of the present invention, a LCD
panel including a first substrate, a second substrate, a liquid
crystal layer, an optical filter layer and a color conversion
layer is provided. The second substrate is disposed opposite
to the first substrate. A plurality of pixels are constituted by
the first substrate and the second substrate. The liquid crystal
layer is sealed between the first substrate and the second
substrate. The optical filter layer is disposed on the first sub-
strate for a first color light to pass through. The color conver-
sion layer is disposed at the second substrate. The color con-
version layer has a first color conversion area, a second color
conversion area and a passing area in each of the pixels, such
that a second color light is produced after the first color light
passes through the first color conversion area, and a third
color light is produced after the first color light passes through
the second color conversion area.

According to a second aspect of the present invention, a
LCD device including a LCD panel and a backlight module is
provided. The LCD panel includes a first substrate, a second
substrate, a liquid crystal layer, an optical filter layer and a
color conversion layer. The second substrate is disposed
opposite to the first substrate. A plurality of pixels are consti-
tuted by the first substrate and the second substrate. The liquid
crystal layer is sealed between the first substrate and the
second substrate. The optical filter layer is disposed on the
first substrate for a first color light to pass through. The color
conversion layer is disposed at the second substrate. The color
conversion layer has a first color conversion area, a second
color conversion area and a passing area in each of the pixels,
such that a second color light is produced after the first color
light passes through the first color conversion area, and a third
color light is produced after the first color light passes through
the second color conversion area. The backlight module is
disposed at a side of the first substrate. The backlight module
provides a backlight to the LCD panel.

The invention will become apparent from the following
detailed description of the preferred but non-limiting embodi-
ments. The following description is made with reference to
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A (Prior Art) is a side view of a conventional trans-
flective type LCD panel;

FIG. 1B (Prior Art) is a side view of another conventional
transflective type LCD panel;

FIG. 2 is a side view of a LCD device according to a first
embodiment of the invention;

FIG. 3 is a transmission spectrum of a white light passing
through the optical filter layer;

FIG. 4A is a perspective showing a backlight of the back-
light module of FIG. 2 passing through the LCD panel;

FIG. 4B is a perspective showing the reflection of an exter-
nal light emitted into the L.CD panel; and

FIG.5isaside view of a LCD device according to a second
embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION
First Embodiment
Referring to FIG. 2, a side view of a LCD device according

to a first embodiment of the invention is shown. As indicated
in FIG. 2, the LCD device 300 of the present embodiment of
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the invention includes a LCD panel 390 and a backlight
module 395. The backlight module 395 is disposed at a side of
the LCD panel 390. The LCD panel 390 includes a first
substrate 311, a second substrate 312, a liquid crystal layer
313, an optical filter layer 340 and a color conversion layer
330. The second substrate 312 is disposed opposite to the first
substrate 311. A plurality of pixels (not illustrated) are con-
stituted by the first substrate 311 and the second substrate
312. The present embodiment of the invention is exemplified
by a pixel 310. The liquid crystal layer 313 is sealed between
the first substrate 311 and the second substrate 312. The
optical filter layer 340 is disposed on the first substrate 311.

The optical filter layer 340 is formed by a first metal layer
342, a gap layer 343 and a second metal layer 344 in order.
Preferably, as indicated in FIG. 2, the optical filter layer 340
further includes a transparent substrate. In the present
embodiment of the invention, the first substrate 311 is treated
as the transparent substrate for carrying the first metal layer
342, the gap layer 343 and the second metal layer 344. The
transparent substrate (that is, the first substrate 311) can be a
glass substrate, a plastic substrate or a plastic soft film. The
first metal layer 342 and the second metal layer 344 are made
of silver or silver alloy, and the thickness of the first metal
layer 342 and the thickness of the second metal layer 344
range between 5 nm~60 nm. The gap layer 343 can be a
dielectric film or a metallic conductive oxide. The dielectric
film is made of magnesium fluoride (MgF,), silicon dioxide
(810,), aluminum oxide (Al,0,), titanium dioxide (TiO,),
zirconium dioxide (ZrO,) or niobium oxide (Nb,Os). Prefer-
ably, if the gap layer 343 is made of silicon dioxide, the
thickness of the gap layer 343 ranges between 10 nm~120
nm; if the gap layer 343 is made of titanium dioxide, the
thickness of the gap layer 343 ranges between 10 nm~55 nm.
Inaddition, if the gap layer 343 is a metallic conductive oxide,
the gap layer 343 is made of indium tin oxide (ITO), indium
zine oxide (IZO) or aluminum zinc oxide (AZO).

If the thickness and the material of the gap layer 343 are
selected appropriately, the optical filter layer 340 allows a
visible light whose wavelength is within a particular range to
pass through. In the present embodiment of the invention, the
optical filter layer 340 is for a blue light to pass through. For
example, the gap layer 343 is made of silicon dioxide and the
thickness of the gap layer 343 ranges between 70 nm~110
nm. Referring to FIG. 3, a transmission spectrum of a white
light passing through the optical filter layer is shown. As
indicated in FIG. 3, after the white light passes through the
optical filter layer 340, the visible light whose wavelength
ranges between 400 nm~450 nm has a higher transmission
rate. The visible light whose wavelength ranges between 400
nm-~450 nm is normally treated as a blue visible light. There-
fore, the optical filter layer 340 in the LCD panel 390 is for a
blue light to pass through.

Referring to FIG. 2, the color conversion layer 330 is
disposed at the second substrate 312. In the present embodi-
ment of the invention, the color conversion layer 330 is dis-
posed between the first substrate 311 and the second substrate
312. The color conversion layer 330 has a first color conver-
sion area 331, a second color conversion area 332 and a
passing area 333 in the pixel 310, wherein each of the first
color conversion area 331, the second color conversion area
332 and the passing area 333 correspond to a sub-pixel.

In the present embodiment of the invention, the materials
of the first color conversion area 331 and the second color
conversion area 332 of the color conversion layer 330 com-
prise a fluorescent dye and a binder resin. Examples of the
fluorescent dye used in the first color conversion area 331 of
the color conversion layer 330 are pyridine-based dye and
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rhodamine-based dye. The fluorescent dye used in the first
color conversion area 331 of the color conversion layer 330 is
capable of absorbing a visible light whose wavelength ranges
between 400 nm~600 nm and emitting another visible light
whose wavelength ranges between 600 nm~700 nm. There-
fore, the fluorescent dye used in the first color conversion area
331 is for converting a blue visible light into a visible light
whose color is close to red.

Examples of the fluorescent dye used in the second color
conversion area 332 of the color conversion layer 330 are
coumarin dye and naphthalimide dye. The fluorescent dye
used in the second color conversion area 332 of the color
conversion layer 330 is capable of absorbing a visible light
whose wavelength ranges between 400 nm~600nm and emit-
ting another visible light whose wavelength ranges between
480 nm~600 nm. Therefore, the fluorescent dye used in the
second color conversion area 332 is for converting a blue
visible light into a visible light whose color is close to green.
The passing area 333 of the color conversion layer 330 is
made of a transparent photoresistor, or the passing area 333 is
a hollow structure. In the present embodiment of the inven-
tion, the passing area 333 is made of a transparent photore-
sistor to substantially maintain the identical flatness of the
color conversion layer 330.

Referring to FIG. 4A, a perspective showing a backlight of
the backlight module of FIG. 2 passing through the LCD
panel is shown. The backlight module 395 is disposed at a
side of the first substrate 311. At the transmissive mode, the
backlight module 395 provides a backlight 1.31 to the LCD
panel 390. When the backlight 131 is emitted to the optical
filter layer 340, only a light with a specific color, such asa first
color light 1.32, is allowed to pass through the optical filter
layer 340. The reason is that the optical filter layer 340 is
capable of selecting lights with specific transmission spec-
trum to pass through. According to the above disclosure, the
first color light [.32 of the present embodiment of the inven-
tion is a blue light. That is, the optical filter layer 340 only
allows the blue light to pass through.

Next, the first color light .32 (the blue light) is emitted into
the liquid crystal layer 313. Then, after the first color light
132 passes through the first color conversion area 331 and the
second color conversion area 332 of the color conversion
layer 330, a second color light .33 and a third color light .34
are produced respectively. The second color light .33 and the
third color light 1.34 are a red light and a green light, respec-
tively. In other words, the red light and the green light are
respectively produced after the blue light passes through the
first color conversion area 331 and the second color conver-
sion area 332. Besides, as the passing area 333 is made of a
transparent photoresistor, the first color light 1.32 still keeps
its original color (blue) after passing through the passing area
333. Thus, after backlights pass through the color conversion
layer 330, each of the sub-pixels emits a red light, a blue light
and a green light, so that the LCD panel 390 is capable of
displaying a colored image at the transmissive mode.

Referring to FIG. 4B, a perspective showing the reflection
of an external light emitted into the LCD panel. In the present
embodiment of the invention, the external light L.41 is a white
light as an example. After the external light 141 is emitted
into the LCD panel 390, the external light L41 firstly passes
through the color conversion layer 330. As the external light
L41 is a white light, the blue light [.42 of the external light
L41 is allowed to pass through the first color conversion area
331 and the second color conversion area 332 of the color
conversion layer 330, and a red light [ 43 and a green light
L44 are produced respectively. After that, the red light 1L.43
and the green light [.44 are respectively emitted to the liquid
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crystal layer 313 and then directly emitted to the optical filter
layer 340. The optical filter layer 340 only allows the blue
light T.42 to pass through, so the optical filter layer 340
reflects the red light 1.43 and the green light [ 44. Meanwhile,
the red light 1.43 and the green light [.44 are not allowed to
pass through the first color conversion area 331 and the sec-
ond color conversion area 332 of the color conversion layer
330. Thus, the energy loss of the red light [.43 and the green
light L.44 occur due to the repeating reflection of the red light
[43 and the green light 1.44, and the red light .43 and the
green light 1.44 fade away finally.

On the other hand, if the external light 1.41 is emitted into
the LCD panel 390 from the passing area 333 of the color
conversion layer 330, as the passing area 333 is made of a
transparent photoresistor in the present embodiment of the
invention, the external light 41 still keeps its original color,
that is, white. If the external light 141 is emitted to the liquid
crystal layer 313 and then emitted to the optical filter layer
340, as the optical filter layer 340 only allows a blue light to
pass through, the blue light 1.42 of the external light L41
passes through the optical filter layer 340 and emits towards
the first substrate 311. The remaining external light is
reflected by the optical filter layer 340, and the color compo-
sition of the remaining external light is a mixed light of the red
light 143 and the green light .44, that is, a yellow light [.45.
The yellow light [45 passes through the passing area 333
without changing its color.

In other words, at the reflective mode, after the blue light
142 passes through the first color conversion area 331 and the
second color conversion area 332, the red light L.43 and the
green light [L44 are produced respectively. However, the opti-
cal filter layer 340 reflects all lights except a blue light.
Therefore, in the LCD panel 390, the red light .43 and the
green light [.44 keep reflecting and losing energy. The extet-
nal light [41 still keeps its original color after passing through
the passing area 333. After that, when the external light 141 is
emitted to the optical filter layer 340, only the blue light .42
passes through the optical filter layer 340 and the remaining
external light is mixed and then reflected by the optical filter
layer 340 to pass through the passing area 333.

Second Embodiment

Referring to FIG. 5, a side view of a LCD device according
to a second embodiment of the invention is shown. The
present embodiment of the invention differs from the first
embodiment in the disposition of the color conversion layer
330 of the LCD device 300. In the present embodiment of the
invention, the color conversion layer 330 is disposed to an
outer side of the second substrate 312 opposite to the first
substrate 313. Despite the position of the color conversion
layer 330 is changed in the present embodiment of the inven-
tion, the color conversion layer 330 still provides the same
effect as in the first embodiment.

That is, in the present embodiment of the invention, an
incident light will change or keep its original color when
passing through different areas of the color conversion layer
330. The incident light will be converted into red when pass-
ing through a first color conversion area 331. The incident
light will be converted into green when passing through a
second color conversion area 332. The incident light will keep
its original color when passing through a passing area 333
because the material of the passing area 333 is a transparent
photoresistor or the passing area 333 is a hollow structure.

To summarize, the LCD panels and the LCD devices using
the same are disclosed in the above embodiments of the
invention. The LCD panels include the optical filter layers
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and the color conversion layers. The color conversion layers
have the first color conversion areas, the second color con-
version areas and the passing areas, such that the second color
lights (red lights) are produced after the first color lights pass
through the first color conversion areas, and the third color
lights (green lights) are produced after the first color lights
pass through the second color conversion areas. The lights
passing through the passing areas still keep their original
colors because the passing areas are made of transparent
photoresistors or the passing areas are hollow structures.

Thus, the LCD panels of the above embodiments of the
invention do not have the same disadvantages in the conven-
tional transflective type LCD panels 100 and 200. The design
of the conventional transflective type LCD panel 200 adopts
the reflective plate 251 but results in a smaller aperture ratio.
The LCD devices of the embodiments of the invention use the
optical filter layers and the color conversion layers to increase
the transmission rate, hence resulting in a higher aperture
ratio. The LCD devices further increase the light utilization
rate and reduce the loss of the power.

While the invention has been described by way of
examples and in terms of preferred embodiments, it is to be
understood that the invention is not limited thereto. On the
contrary, it is intended to cover various modifications and
similar arrangements and procedures, and the scope of the
appended claims therefore should be accorded the broadest
interpretation so as to encompass all such modifications and
similar arrangements and procedures.

What is claimed is:

1. A liquid crystal display (LCD) panel, comprising:

a first substrate;

a second substrate disposed opposite to the first substrate,
wherein a plurality of pixels are constituted by the first
substrate and the second substrate;

aliquid crystal layer sealed between the first substrate and
the second substrate;

an optical filter layer disposed on the first substrate for a
first color light to pass through; and

a color conversion layer disposed at the second substrate,
wherein the color conversion layer has a first color con-
version area, a second color conversion area and a pass-
ing area in each of the pixels, such that a second color
light is produced after the first color light passes through
the first color conversion area, and a third color light is
produced after the first color light passes through the
second color conversion area.

2. The LCD panel according to claim 1, wherein the color
conversion layer is disposed between the first substrate and
the second substrate.

3. The LCD panel according to claim 1, wherein the color
conversion layer is disposed at an outer side of the second
substrate opposite to the first substrate.

4. The LCD panel according to claim 1, wherein the optical
filter layer is formed by a first metal layer, a gap layer and a
second metal layer in order.

5. The LCD panel according to claim 4, wherein the optical
filter layer further has a transparent substrate, and the optical
filter layer is formed by the transparent substrate, the first
metal layer, the gap layer and the second metal layer in order.

6. The LCD panel according to claim 5, wherein the trans-
parent substrate is a glass substrate, a plastic substrate or a
plastic soft film.

7. The LCD panel according to claim 4, wherein the first
metal layer and the second metal layer are made of silver or
silver alloy, and the gap layer is a dielectric film or a metallic
conductive oxide.
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8. The LCD panel according to claim 4, wherein the thick-
ness of the first metal layer and the thickness of the second
metal layer range between 5 nm~60 nm.

9. The LCD panel according to claim 4, wherein while the
gap layer is a dielectric film, the dielectric film is made of
magnesium fluoride (MgF,), silicon dioxide (SiO,), alumi-
num oxide (Al,0,), titanium dioxide (TiO,), zirconium diox-
ide (ZrO,) or niobium oxide (Nb,O;), and while the gap layer
is a metallic conductive oxide, the metallic conductive oxide
is made of indium tin oxide (ITO), indium zinc oxide (IZO) or
aluminum zinc oxide (AZO).

10. The LCD panel according to claim 9, wherein if the gap
layer is made of silicon dioxide, the thickness of the gap layer
ranges between 10 nm~120 nm.

11. The LCD panel according to claim 9, wherein if the gap
layer is made of titanium dioxide, the thickness of the gap
layer ranges between 10 nm~55 nm.

12. The LCD panel according to claim 1, wherein the first
color light is a blue light.

13. The LCD panel according to claim 12, wherein the
second color light is a red light, and the third color light is a
green light.

14. The LCD panel according to claim 1, wherein the
material of the first color conversion area or the material of the
second color conversion area of the color conversion layer
comprises a fluorescent dye.

15. The LCD panel according to claim 14, wherein the
material of the first color conversion area or the material of the
second color conversion area of the color conversion layer
further comprises a binder resin.

16. The LCD panel according to claim 1, wherein the
passing area of the color conversion layer is made of a trans-
parent photoresistor.

17. The LCD panel according to claim 1, wherein the
passing area of the color conversion layer is a hollow struc-
ture.

18. A LCD device, comprising:

a LCD panel, comprising:

a first substrate;

a second substrate disposed opposite to the first sub-
strate, wherein a plurality of pixels are constituted by
the first substrate and the second substrate;

a liquid crystal layer sealed between the first substrate
and the second substrate;

an optical filter layer disposed on the first substrate for a
first color light to pass through; and

a color conversion layer disposed at the second sub-
strate, wherein the color conversion layer has a first
color conversion area, a second color conversion area
and a passing area in each of the pixels, such that a
second color light is produced after the first color light
passes through the first color conversion area, and a
third color light is produced after the first color light
passes through the second color conversion area; and

a backlight module used for providing a backlight to the

LCD panel.

19. The LCD device according to claim 18, wherein the
color conversion layer is disposed between the first substrate
and the second substrate.
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20. The LCD device according to claim 18, wherein the
color conversion layer is disposed at an outer side of the
second substrate opposite to the first substrate.

21. The LCD device according to claim 18, wherein the
optical filter layer is formed by a first metal layer, a gap layer
and a second metal layer in order.

22. The LCD device according to claim 21, wherein the
optical filter layer further has a transparent substrate, and the
optical filter layer is formed by the transparent substrate, the
first metal layer, the gap layer and the second metal layer in
order.

23. The LCD device according to claim 22, wherein the
transparent substrate is a glass substrate, a plastic substrate or
a plastic soft film.

24. The LCD device according to claim 21, wherein the
first metal layer and the second metal layer are both made of
silver or silver alloy, and the gap layer is a dielectric film or a
metallic conductive oxide.

25. The LCD device according to claim 21, wherein the
thickness of the first metal layer and the thickness of the
second metal layer range between 5 nm~60 nm.

26. The LCD device according to claim 21, wherein while
the gap layer is a dielectric film, the dielectric film is made of
magnesium fluoride, silicon dioxide, aluminum oxide, tita-
nium dioxide, zirconium dioxide or niobium oxide, and while
the gap layer is a metallic conductive oxide, the metallic
conductive oxide is made of indium tin oxide, indium zinc
oxide or aluminum zinc oxide.

27. The LCD device according to claim 26, wherein if the
gap layer is made of silicon dioxide, the thickness of the gap
layer ranges between 10 nm~120 nm.

28. The LCD device according to claim 26, wherein if the
gap layer is made of titanium dioxide, the thickness of the gap
layer ranges between 10 nm~55 nm.

29. The LCD device according to claim 18, wherein the
first color light is a blue light.

30. The LCD device according to claim 29, wherein the
second color light is a red light, the third color light is a green
light.

31. The LCD device according to claim 18, wherein the
material of the first color conversion area or the material of the
second color conversion area of the color conversion layer
comprises a fluorescent dye.

32. The LCD device according to claim 31, wherein the
material of the first color conversion area or the material of the
second color conversion area of the color conversion layer
farther comprises a binder resin.

33. The LCD device according to claim 18, wherein the
passing area of the color conversion layer is made of a trans-
parent photoresistor.

34. The LCD device according to claim 18, wherein the
passing area of the color conversion layer is a hollow struc-
ture.

35. The LCD device according to claim 18, wherein the
backlight module is disposed at a side of the first substrate.
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