
(19) United States 
US 20010000436A1 

(12) Patent Application Publication (10) Pub. No.: US 2001/0000436 A1 
Nose et al. (43) Pub. Date: Apr. 26, 2001 

(54) LIQUID CRYSTAL DISPLAY WITH 
POLARIZATION LAYER INTERIOR TO 
SUBSTRATES 

(75) Inventors: Takashi Nose, Tokyo (JP); Setuo 
Kaneko, Tokyo (JP); Masayoshi 
Suzuki, Tokyo (JP) 

Correspondence Address: 
YOUNG & THOMPSON 
745 SOUTH 23RD STREET 2ND FLOOR 
ARLINGTON, VA 22202 

(73) Assignee: NEC Corporation, Tokyo (JP) 

(21) Appl. No.: 09/732,920 

(22) Filed: Dec. 11, 2000 

Related US. Application Data 

(62) Division of application No. 09/127,054, ?led on Jul. 
31, 1998. 

(30) Foreign Application Priority Data 

Jul. 31, 1997 (JP) ........................................... .. 9-206224 

RED LIGHT H,:> GREEN LIGHfjI> BLUE LIGHT ‘:> 

Publication Classi?cation 

(51) Int. Cl? ................................................. .. G02F mass 

(52) Us. 01. ............................................... ..349/65;349/70 

(57) ABSTRACT 
There is provided a liquid crystal display including (a) a 
backlight source having a dominant emission peak at 380 
420 nm, (b) a ?rst polarization layer for selecting a light 
directed in a predetermined direction among lights emitted 
from the backlight source, (c) a second polarization layer for 
receiving a light selected by the ?rst polarization layer, (d) 
?rst and second transparent substrates, (e) ?rst and second 
transparent electrodes, a liquid crystal layer, and (g) a 
?uorescent material layer receiving lights from the backlight 
source and emitting a light therefrom. The second polariza 
tion layer is located intermediate betWeen the ?rst and 
second transparent substrates. The backlight source, the ?rst 
polarization layer, the ?rst transparent substrate, the ?rst 
transparent electrode, the liquid crystal layer, the second 
transparent electrode, the second polarization layer, the 
?uorescent material layer, and the second transparent sub 
strate are preferably deposited from bottom to top in this 
order. The above-mentioned liquid crystal display makes it 
possible to reduce the number of transparent substrates by 
one relative to a conventional liquid crystal display, Which 
ensures higher brightness and no parallax. 
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LIQUID CRYSTAL DISPLAY WITH 
POLARIZATION LAYER INTERIOR TO 

SUBSTRATES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention relates to a liquid crystal display, and 
more particularly to a liquid crystal display for accornplish 
ing color expression. 

[0003] 2. Description of the Related Art 

[0004] A liquid crystal display is a light-receiving device, 
and generally has a structure of a pair of transparent elec 
trodes, liquid crystal sandWiched betWeen the transparent 
electrodes, and a pair of polariZation plates situated at front 
and rear of the display. As a light source is usually employed 
a light source ernitting White lights. 

[0005] In order to accomplish color expression in such a 
liquid crystal display, color ?lters of red (R), green (G) and 
blue (B), Which are three primary colors, are prepared to 
each of pigments, and White lights emitted from a light 
source are alloWed to pass through liquid crystal or not by 
selectively turning the liquid crystal on or off. The White 
lights alloWed to pass the through liquid crystal enter the 
color ?lters at their rears, and exit the color ?lters as red, 
green or blue lights. The color ?lters are usually arranged in 
a mosaic pattern or a striped pattern. For instance, a liquid 
crystal display ernploying color ?lters is suggested in J apa 
nese Unexarnined Patent Publications No. 60-37591 pub 
lished on Feb. 26, 1985, No. 60-84580 published on May 13, 
1985, and No. 3-36518 published on Feb. 18, 1991. 

[0006] FIG. 1 is a cross-sectional vieW of a conventional 
liquid crystal display for accomplishing color expression. 

[0007] The illustrated liquid crystal display is comprised 
of a backlight source 201 located at the bottom, which emits 
White lights, a ?rst polariZation layer 2 selecting a light 
directed in a predetermined direction arnong backlights 
emitted from the backlight source 201, and a second polar 
iZation layer 7 receiving a light selected by the ?rst polar 
iZation layer 2. BetWeen the ?rst and second polariZation 
layers 2 and 7 are sandWiched, in this order from bottom to 
top, a ?rst transparent substrate 3 composed of transparent 
material such as glass, a ?rst transparent electrode 4 corn 
posed of indiurn-tin-oxide (ITO), liquid crystal 5, a second 
transparent electrode 6, an overcoat layer 14 composed of 
transparent resin, color ?lters 202 of red, green and blue, and 
a second transparent substrate 9. 

[0008] As illustrated in FIG. 1, red, green and blue color 
?lters R, G, and B are regularly arranged, and light-irnper 
rneable layers 13 are formed betWeen the color ?lters 202. 
The light-irnperrneable layers 13 are arranged differently in 
dependence on hoW the liquid crystal display is driven. 
Some of liquid crystal displays are designed to have no 
light-irnperrneable layers 13. The color ?lters 202 may be 
situated differently from FIG. 1. For instance, the color 
?lters 202 may be situated on or above the second polar 
iZation layer 7. The ?rst and second polariZation layers 2 and 
7 are usually comprised of a polariZing element such as 
iodine and dye Which provides dichroisrn, a polariZing base 
substrate for arranging and ?xating polariZing elernents, 
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such as polyvinyl alcohol, and a substrate for supporting the 
polariZing base substrate at either sides, such as triacetyl 
cellulose. 

[0009] A triple channel tube is usually employed as the 
backlight source 201, and the color ?lters 202 are required 
to have spectral transmission factor characteristic consistent 
With emission spectrum of the backlight source 201. 

[0010] FIG. 2 illustrates an example of spectral transmis 
sion factor of color ?lters and emission pro?le of a backlight 
source. In a liquid crystal display ernploying color ?lters for 
accomplishing color expression, an ef?ciency of utiliZing a 
light is decreased, as illustrated in FIG. 2, because White 
lights emitted from a backlight source pass through the color 
?lters. Hence, lights having passed through the color ?lters 
have an intensity about one-third smaller than an intensity of 
the White lights originally emitted from the backlight source. 
Thus, there is paused a problem that the lights leaving the 
color ?lters become quite Weak. 

[0011] In order to solve this problem, there have been 
suggested liquid crystal displays ernploying ?uorescent 
material in place of color ?lters. One of such liquid crystal 
displays is suggested in Japanese Unexarnined Patent Pub 
lication No. 8-62602 published on Mar. 8, 1996. The sug 
gested liquid crystal display includes a backlight source 
ernitting blue lights having a Wavelength in the range of 380 
nrn to 420 nrn, in place of a backlight source ernitting White 
lights, and ?uorescent rnaterials excited by blue lights ernit 
ted from the backlight source and ernitting lights of various 
colors. 

[0012] FIG. 3 is a cross-sectional vieW of the liquid 
crystal display suggested in the above-mentioned Publica 
tion. The illustrated liquid crystal display includes a back 
light source 1 ernitting blue lights having a Wavelength in the 
range of 380 nrn to 420 nrn, a ?rst polariZation layer 2, a ?rst 
transparent substrate 3, a ?rst transparent electrode 4, liquid 
crystal 5, a second transparent electrode 6, a second trans 
parent substrate 9, a second polariZation layer 7, a mirror 
301 through Which lights pass from the rear, a ?uorescent 
material layer 8, and a third transparent substrate 302, Which 
are deposited from bottom to top in this order. 

[0013] The ?uorescent material layer 8 is comprised of a 
?rst ?uorescent material 10 ernitting red lights, a second 
?uorescent material 11 ernitting green lights 11, a third 
?uorescent material 12 ernitting blue lights, light-irnperrne 
able layers 13 situated betWeen the ?rst to third ?uorescent 
materials 10, 11, and 12, and an overcoat layer 14 covering 
the ?rst to third ?uorescent materials 10, 11 and 12 there 
With. The ?rst to third ?uorescent materials 10, 11 and 12 are 
regularly arranged, and are excited With the blue lights 
having a Wavelength in the range of 380 nrn to 420 nrn and 
emitted from the backlight source 1. 

[0014] The mirror 301 is provided for directing lights 
forWardly only. Without the mirror 301, lights having passed 
through the ?uorescent materials 10, 11 and 12 are scattered 
in all directions. Lights emitted from the backlight source 1 
pass through the mirror 301, and are re?ected only forWardly 
by the mirror 301. 

[0015] Since this liquid crystal display does not employ 
color ?lters, it is possible to avoid lights from being decayed 
due to color ?lters, ensuring greater brightness. 
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[0016] In fact, the liquid crystal display suggested in the 
above-mentioned Publication does not include the ?rst and 
second transparent substrates 3 and 9. Hence, it is not limited 
in the above-mentioned Publication as to Whether the second 
polarization layer 7 is located betWeen the ?rst and second 
transparent substrates 3 and 9, or located outside the ?rst and 
second transparent substrates 3 and 9. 

[0017] HoWever, since a conventional liquid crystal dis 
play employs a polarizing plate as a polariZation layer, it is 
necessary to position the second polariZation layer 7 outside 
both the ?rst and second transparent substrates 3 and 9, as 
illustrated in FIG. 3, and hence, it is not alloWed to position 
the second polariZation layer 7 betWeen the ?rst and second 
transparent substrates 3 and 9. Thus, above the liquid crystal 
5 are located tWo transparent substrates 9 and 302, Which 
Would generate parallaX. 

SUMMARY OF THE INVENTION 

[0018] In vieW of the foregoing problems in the prior art, 
it is an object of the present invention to provide a liquid 
crystal display ensuring greater brightness and no parallaX. 

[0019] There is provided a liquid crystal display including 
(a) a backlight source having a dominant emission peak at 
380-420 nrn, (b) a ?rst polariZation layer for selecting a light 
directed in a predetermined direction arnong lights emitted 
from the backlight source, (c) a second polariZation layer for 
receiving a light selected by the ?rst polariZation layer, (d) 
?rst and second light-perrneable substrates, (e) ?rst and 
second light-permeable electrodes, a liquid crystal layer, 
and (g) a ?uorescent material layer receiving lights from the 
backlight source and emitting a light therefrom, the second 
polariZation layer being located intermediate between the 
?rst and second light-perrneable substrates. 

[0020] It is preferable that the backlight source, the ?rst 
polariZation layer, the ?rst light-perrneable substrate, the 
?rst light-perrneable electrode, the liquid crystal layer, the 
second light-perrneable electrode, the second polariZation 
layer, the ?uorescent material layer, and the second light 
perrneable substrate are deposited from bottom to top in this 
order. 

[0021] 
lights. 

[0022] It is also preferable that the ?uorescent material 
layer includes a ?rst ?uorescent rnaterial ernitting red lights 
in response to lights emitted from the backlight source, a 
second ?uorescent rnaterial ernitting green lights in response 
to lights emitted from the backlight source, a third ?uores 
cent rnaterial ernitting blue lights in response to lights 
emitted from the backlight source, the ?rst to third ?uores 
cent rnaterials being arranged in a line, and light-irnperrne 
able layers located betWeen the ?rst to third ?uorescent 
materials. 

It is preferable that the backlight source ernits blue 

[0023] The ?uorescent material layer may further include 
an overcoat layer composed of light-perrneable resin and 
covering the ?rst to third ?uorescent rnaterials thereWith. 

[0024] For instance, the second polariZation layer may be 
formed by the steps of forming a ?uorescent material layer 
on a light-perrneable substrate, forming an overcoat layer 
over the ?uorescent material layer, applying orientation to 
the overcoat layer, forming a layer containing photosensitive 
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liquid crystal and dichroisrn pigment on the overcoat layer, 
and emitting a light to the layer to cure the photosensitive 
liquid crystal. In the above-mentioned case, the orientation 
is preferably rubbing. 

[0025] As an alternative, the second polariZation layer 
may be formed by the steps of forming a ?uorescent material 
layer on a light-perrneable substrate, forming an overcoat 
layer over the ?uorescent material layer, forming a layer on 
the overcoat layer, Which layer contains polymer and dichro 
isrn pigrnent Which is isorneriZed on receiving a light, and 
emitting a polariZed light to the layer. 

[0026] The second polariZation layer may be formed by 
the steps of forming a ?uorescent material layer on a 
light-perrneable substrate, forming an overcoat layer over 
the ?uorescent material layer, forming a layer on the over 
coat layer, Which layer contains photosensitive polymer and 
dichroisrn pigment, and emitting a polariZed light to the 
layer. 
[0027] There is further provided a liquid crystal display 
including (a) a backlight source having a dominant emission 
peak at 380-420 nrn, (b) a ?rst polariZation layer for select 
ing a light directed in a predetermined direction arnong 
lights emitted from the backlight source, (c) a second 
polariZation layer for receiving a light selected by the ?rst 
polariZation layer, (d) ?rst and second light-perrneable sub 
strates, (e) ?rst and second light-perrneable electrodes, a 
liquid crystal layer, and (g) a ?uorescent material layer 
receiving lights from the backlight source and emitting a 
light therefrom, the ?rst and second polariZation layers 
being located intermediate between the ?rst and second 
light-perrneable substrates. 

[0028] It is preferable that the backlight source, the ?rst 
light-perrneable substrate, the ?rst polariZation layer, the 
?rst light-perrneable electrode, the liquid crystal layer, the 
second light-perrneable electrode, the second polariZation 
layer, the ?uorescent material layer, and the second light 
perrneable substrate are deposited from bottom to top in this 
order. 

[0029] There is still further provided a liquid crystal 
display including (a) a backlight source having a dominant 
emission peak at 460-470 nrn, (b) a ?rst polariZation layer 
for selecting a light directed in a predetermined direction 
arnong lights emitted from the backlight source, (c) a second 
polariZation layer for receiving a light selected by the ?rst 
polariZation layer, (d) ?rst and second light-perrneable sub 
strates, (e) ?rst and second light-perrneable electrodes, a 
liquid crystal layer, and (g) a ?uorescent material layer 
receiving lights from the backlight source and emitting a 
light therefrom, the second polariZation layer being located 
intermediate between the ?rst and second light-perrneable 
substrates. 

[0030] It is preferable that the backlight source, the ?rst 
polariZation layer, the ?rst light-perrneable substrate, the 
?rst light-perrneable electrode, the liquid crystal layer, the 
second light-perrneable electrode, the second polariZation 
layer, the ?uorescent material layer, and the second light 
perrneable substrate are deposited from bottom to top in this 
order. 

[0031] It is preferable that the backlight source ernits blue 
lights, in Which case, the ?uorescent material layer may 
preferably include a ?rst ?uorescent rnaterial ernitting red 
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lights in response to lights emitted from the backlight 
source, a second ?uorescent material emitting green lights in 
response to lights emitted from the backlight source, a 
transparent ?lm passing therethrough lights emitted from the 
backlight source, the ?rst and second ?uorescent materials 
and the transparent ?lm being arranged in a line, and 
light-impermeable layers located betWeen the ?rst and sec 
ond ?uorescent materials and the transparent ?lm. 

[0032] There is yet further provided a liquid crystal dis 
play including (a) a backlight source having a dominant 
emission peak at 460-470 nm, (b) a ?rst polariZation layer 
for selecting a light directed in a predetermined direction 
among lights emitted from the backlight source, (c) a second 
polariZation layer for receiving a light selected by the ?rst 
polariZation layer, (d) ?rst and second light-permeable sub 
strates, (e) ?rst and second light-permeable electrodes, a 
liquid crystal layer, and (g) a ?uorescent material layer 
receiving lights from the backlight source and emitting a 
light therefrom, the ?rst and second polariZation layers 
being located intermediate betWeen the ?rst and second 
light-permeable substrates. 

[0033] It is preferable that the backlight source, the ?rst 
light-permeable substrate, the ?rst polariZation layer, the 
?rst light-permeable electrode, the liquid crystal layer, the 
second light-permeable electrode, the second polariZation 
layer, the ?uorescent material layer, and the second light 
permeable substrate are deposited from bottom to top in this 
order. 

[0034] In the liquid crystal display in accordance With the 
present invention, a polariZation layer including ?uorescent 
materials is situated betWeen a pair of light-permeable 
substrates. This arrangement ensures that the liquid crystal 
display in accordance With the present invention has light 
permeable substrates smaller by one in the number than a 
conventional liquid crystal display. Hence, there is accom 
plished a liquid crystal display having greater brightness and 
no parallaX. 

[0035] The above and other objects and advantageous 
features of the present invention Will be made apparent from 
the folloWing description made With reference to the accom 
panying draWings, in Which like reference characters des 
ignate the same or similar parts throughout the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] FIG. 1 is a cross-sectional vieW of a conventional 
liquid crystal display employing color ?lters. 

[0037] FIG. 2 is a graph shoWing spectral transmission 
factor of color ?lters and emission pro?le of a backlight 
source. 

[0038] FIG. 3 is a cross-sectional vieW of a conventional 
liquid crystal display employing ?uorescent materials. 

[0039] FIG. 4 is a cross-sectional vieW illustrating a liquid 
crystal display in accordance With the ?rst embodiment of 
the present invention. 

[0040] FIG. 5 is a cross-sectional vieW illustrating a liquid 
crystal display in accordance With the second embodiment 
of the present invention. 

[0041] FIG. 6 is a cross-sectional vieW illustrating a liquid 
crystal display in accordance With the third embodiment of 
the present invention. 
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[0042] FIG. 7 is a cross-sectional vieW illustrating a liquid 
crystal display in accordance With the fourth embodiment of 
the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0043] [First Embodiment] 
[0044] FIG. 4 illustrates a liquid crystal display in accor 
dance With the ?rst embodiment of the present invention. 

[0045] The illustrated liquid crystal display is comprised 
of a backlight source 1 emitting blue lights having a Wave 
length in the range of 380 nm to 420 nm, a ?rst polariZation 
layer 2 selecting a light directed in a predetermined direction 
among backlights emitted from the backlight source 1, a ?rst 
transparent substrate 3, a ?rst transparent electrode 4, liquid 
crystal 5, a second transparent electrode 6, a second polar 
iZation layer 7, a ?uorescent material layer 8, and a second 
transparent substrate 9, Which are deposited from bottom to 
top in this order. 

[0046] The ?rst and second transparent electrodes 4 and 6 
may be of active matriX driving type or simple matriX 
driving type. 

[0047] The ?uorescent material layer 8 is comprised of a 
?rst ?uorescent material 10 emitting red lights, a second 
?uorescent material 11 emitting green lights, a third ?uo 
rescent material 12 emitting blue lights, light-impermeable 
layers 13 situated betWeen the ?rst to third ?uorescent 
materials 10, 11, and 12, and an overcoat layer 14 covering 
the ?rst to third ?uorescent materials 10, 11 and 12 there 
With. The ?rst to third ?uorescent materials 10, 11 and 12 are 
regularly arranged, and are excited With the blue lights 
having a Wavelength in the range of 380 nm to 420 nm, 
emitted from the backlight source 1, to thereby emit lights 
therefrom 

[0048] The overcoat layer 14 is composed of transparent 
resin. Since the overcoat layer 14 is not necessary in vieW of 
the principle of liquid crystal, the liquid crystal display may 
be designed not to include the overcoat layer 14. 

[0049] The ?rst to third ?uorescent materials 10, 11 and 12 
are patterned in a mosaic or stripe in accordance With a use 
of a liquid crystal display, similarly to a pattern of color 
?lters in a conventional liquid crystal display. 

[0050] A commercially available polariZing plate fabri 
cated in accordance With a conventional process is employed 
as the ?rst polariZation layer 2. The second polariZation 
layer 7 may be formed also in accordance With a conven 
tional method. That is, the second polariZation layer 7 may 
be formed by the steps of introducing polyiodine or dye into 
polyvinyl alcohol as a base, eXpanding the miXture, and 
attached expanded miXture onto a substrate. HoWever, in the 
?rst embodiment, the second polariZation layer 7 is formed 
in accordance With one of the folloWing processes A, B, C 
and D, among Which the processes C and D are preferable 
in vieW of simplicity of a process. 

[0051] [Process A] 
[0052] First, a light-impermeable layer, a ?uorescent 
material layer, and an overcoat layer are formed on a 
transparent substrate in a conventional manner. Then, the 
overcoat layer is rubbed. The overcoat layer is usually 
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composed of acrylate. However, it is preferable that the 
overcoat layer is composed of polyimide in vieW of dura 
bility. An orientation ?lm may be applied onto the overcoat 
layer. 

[0053] The overcoat layer or the orientation ?lm is rubbed 
to thereby form a ?rst substrate. Then, only an orientation 
?lm is applied to a transparent substrate such as glass, and 
thereafter is rubbed to thereby form a second substrate. 
Then, desired spacer agent is applied to the second substrate, 
or a pillar or Wall acting as a spacer is formed in desired 
portions of the second substrate by photolithography. 

[0054] Then, the ?rst and second substrates are laid one on 
another in such a manner that rubbing directions of them are 
anti-parallel or parallel With each other, and then ?xedly 
adhered to each other by means of an appropriate support. A 
polyimide ?lm having the same thickness as that of the 
spacer agent may be formed at a periphery of the substrates. 
A Wall may be formed at a periphery of the substrates by 
photolithography When the spacer is formed. 

[0055] BetWeen the ?rst and second substrates is intro 
duced a mixture of liquid crystal including photosensitive 
groups, and dichroism pigment. The liquid crystal is ori 
ented in the rubbing direction, and accordingly, the dichro 
ism pigment is also oriented in the rubbing direction. 

[0056] Then, ultra-violet (UV) rays are radiated all over 
the ?rst and second substrates to thereby ?xate orientation of 
the liquid crystal and the dichroism pigment. Thereafter, the 
second substrate is peeled off the ?rst substrate. Thus, there 
is obtained a polariZation layer on the overcoat layer of the 
?rst substrate. 

[0057] [Process B] 
[0058] In place of rubbing an orientation ?lm as men 
tioned in Process A, the second polariZation ?lm may be 
formed by radiating polariZed lights to photosensitive mate 
rial, as suggested in Japanese Journal of Applied Physics, 
Vol. 31, pp. 2155, 1992. 

[0059] [Process C] 
[0060] The second polariZation ?lm may be formed as 
folloWs. First, a light-impermeable layer, a ?uorescent mate 
rial layer, and an overcoat layer are formed on a transparent 
substrate in a conventional manner. Then, a mixture of 
polymer and a pigment Which Will be isomeriZed on receiv 
ing lights is applied to the product. After drying the mixture, 
a linearly polariZed light is radiated to the mixture to thereby 
induce photoreaction for controlling an arrangement of 
pigment. The thus made ?lm acts as a polariZation layer. 

[0061] [Process D] 
[0062] The second polariZation ?lm may be formed as 
folloWs. First, a light-impermeable layer, a ?uorescent mate 
rial layer, and an overcoat layer are formed on a transparent 
substrate in a conventional manner. Then, a mixture of 
polymer and a dichroism pigment having photosensitivity is 
applied to the product. After drying the mixture, a linearly 
polariZed light is radiated to the mixture to thereby cause 
selectively pigments in Which a transition moment is 
directed in a polariZation direction, to react for combining 
With the polymer. The pigments having not combined With 
the polymer are Washed aWay by a solvent. Thus, there is 
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obtained a layer including a dichroism pigment oriented in 
a polariZation direction. The thus made ?lm acts as a 
polariZation layer. 
[0063] The above-mentioned Processes A to D have been 
explained as methods of forming the second polariZation 
layer 7. HoWever, it should be noted that the above-men 
tioned Processes Ato D may be applied to formation of any 
polariZation layer. TWo or more of the above-mentioned 
Processes A to D may be combined for forming the second 
polariZation layer 7 or any other polariZation layer. 

[0064] As is obvious in vieW of FIG. 4, the liquid crystal 
display in accordance With the ?rst embodiment makes it no 
longer necessary to employ the third transparent substrate 
302 Which Was employed in a conventional liquid crystal 
display, as illustrated in FIG. 3. As a result, the liquid crystal 
display in accordance With the ?rst embodiment ensures no 
parallax. 
[0065] In the conventional liquid crystal display illustrated 
in FIG. 1, Which employs the color ?lters 202, tWo-thirds or 
greater of lights emitted from the backlight source 201 Was 
lost. Comparing to the conventional liquid crystal display 
illustrated in FIG. 1, the liquid crystal display in accordance 
With the ?rst embodiment can avoid such an optical loss in 
the color ?lters 202, and hence, ensure greater brightness 
than the conventional liquid crystal display. That is, the ?rst 
embodiment provides a liquid crystal display having greater 
brightness and no parallax. 

[0066] [Second Embodiment] 
[0067] FIG. 5 illustrates a liquid crystal display in accor 
dance With the second embodiment of the present invention. 

[0068] The illustrated liquid crystal display is comprised 
of a backlight source 1 emitting blue lights having a Wave 
length in the range of 380 nm to 420 nm, a ?rst transparent 
substrate 3, a ?rst polariZation layer 2, a ?rst transparent 
electrode 4, liquid crystal 5, a second transparent electrode 
6, a second polariZation layer 7, a ?uorescent material layer 
8, and a second transparent substrate 9, Which are deposited 
from bottom to top in this order. 

[0069] The ?uorescent material layer 8 is comprised of a 
?rst ?uorescent material 10 emitting red lights, a second 
?uorescent material 11 emitting green lights, a third ?uo 
rescent material 12 emitting blue lights, light-impermeable 
layers 13 situated betWeen the ?rst to third ?uorescent 
materials 10, 11, and 12, and an overcoat layer 14 covering 
the ?rst to third ?uorescent materials 10, 11 and 12 there 
With. The ?rst to third ?uorescent materials 10, 11 and 12 are 
regularly arranged, and are excited With the blue lights 
having a Wavelength in the range of 380 nm to 420 nm, 
emitted from the backlight source 1, to thereby emit lights 
therefrom. 

[0070] The liquid crystal display in accordance With the 
second embodiment is different from the ?rst embodiment 
illustrated in FIG. 4 in that the ?rst polariZation layer 2 as 
Well as the second polariZation layer 7 is located interme 
diate betWeen the ?rst and second transparent substrates 3 
and 9. 

[0071] Similarly to the second polariZation layer 7, the 
?rst polariZation layer 2 is formed in accordance With one of 
the above-mentioned Processes A, B, C and D, among Which 
the Processes C and D are preferable in vieW of simplicity 
of a process. 
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[0072] [Third Embodiment] 
[0073] FIG. 6 illustrates a liquid crystal display in accor 
dance With the third embodiment of the present invention. 

[0074] The illustrated liquid crystal display is comprised 
of a backlight source 101 emitting blue lights having a 
Wavelength in the range of 460 nm to 470 nm, a ?rst 
polariZation layer 2, a ?rst transparent substrate 3, a ?rst 
transparent electrode 4, liquid crystal 5, a second transparent 
electrode 6, a second polariZation layer 7, a ?uorescent 
material layer 105, and a second transparent substrate 9, 
Which are deposited from bottom to top in this order. 

[0075] The ?uorescent material layer 105 is comprised of 
a ?rst ?uorescent material 102 emitting red lights, a second 
?uorescent material 103 emitting green lights 11, a trans 
parent ?lm 104, light-impermeable layers 13 situated 
betWeen the ?rst and second ?uorescent materials 102, 103, 
and the transparent ?lm 104, and an overcoat layer 14 
covering the ?rst and second ?uorescent materials 102, 103 
and the transparent ?lm 104 thereWith. The ?rst and second 
?uorescent materials 102 and 103 are excited With the blue 
lights having a Wavelength in the range of 460 nm to 470 
nm, emitted from the backlight source 101, to thereby emit 
lights therefrom. The transparent ?lm 104 passes there 
through the blue lights emitted from the backlight source 
101. 

[0076] In accordance With the third embodiment, the sec 
ond polariZation layer 7 is located betWeen the ?rst and 
second transparent substrates 3 and 9. Hence, similarly to 
the ?rst embodiment, the second polariZation layer 7 is 
formed in accordance With one or more of the above 
mentioned Processes A, B, C and D, among Which the 
Processes C and D are preferable in vieW of simplicity of a 
process. 

[0077] Since the transparent ?lm 104 passes therethrough 
the blue lights emitted from the backlight source 101, a 
brightness of blue lights is about three times greater than a 
brightness of blue lights in a conventional liquid crystal 
display. As to red and green lights, there can be obtained a 
brightness about three times greater than that of a conven 
tional liquid crystal display by composing the ?rst and 
second ?uorescent materials 102 and 103 of neWly devel 
oped materials having high conversion efficiency. 

[0078] [Fourth Embodiment] 
[0079] FIG. 7 illustrates a liquid crystal display in accor 
dance With the fourth embodiment of the present invention. 

[0080] The illustrated liquid crystal display is comprised 
of a backlight source 101 emitting blue lights having a 
Wavelength in the range of 460 nm to 470 nm, a ?rst 
transparent substrate 3, a ?rst polariZation layer 2, a ?rst 
transparent electrode 4, liquid crystal 5, a second transparent 
electrode 6, a second polariZation layer 7, a ?uorescent 
material layer 105, and a second transparent substrate 9, 
Which are deposited from bottom to top in this order. 

[0081] The ?uorescent material layer 105 is comprised of 
a ?rst ?uorescent material 102 emitting red lights, a second 
?uorescent material 103 emitting green lights 11, a trans 
parent ?lm 104, light-impermeable layers 13 situated 
betWeen the ?rst and second ?uorescent materials 102, 103, 
and the transparent ?lm 104, and an overcoat layer 14 
covering the ?rst and second ?uorescent materials 102, 103 
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and the transparent ?lm 104 thereWith. The ?rst and second 
?uorescent materials 102 and 103 are excited With the blue 
lights having a Wavelength in the range of 460 nm to 470 
nm, emitted from the backlight source 101, to thereby emit 
lights therefrom. The transparent ?lm 104 passes there 
through the blue lights emitted from the backlight source 
101. 

[0082] The liquid crystal display in accordance With the 
fourth embodiment is different from the third embodiment 
illustrated in FIG. 6 in that the ?rst polariZation layer 2 as 
Well as the second polariZation layer 7 is located interme 
diate betWeen the ?rst and second transparent substrates 3 
and 9. 

[0083] Similarly to the second polariZation layer 7, the 
?rst polariZation layer 2 is formed in accordance With one of 
the above-mentioned Processes A, B, C and D, among Which 
the Processes C and D are preferable in vieW of simplicity 
of a process. 

[0084] HereinbeloW are explained in more detail the 
above-mentioned ?rst to fourth embodiments, as examples 1 
to 4. 

[0085] [Example 1] 
[0086] In Example 1, there is prepared a liquid crystal 
display having the same structure as that of the liquid crystal 
display illustrated in FIG. 4. 

[0087] As the backlight source 1 is used a lamp including 
a ?uorescent material excited With ultraviolet rays and 
emitting blue lights having a Wavelength in the range of 380 
nm to 420 nm. As such a ?uorescent material for emitting 
blue lights may be used SrP2O7:Eu, SrMgP2O7:Eu, 
Sr8(PO4)2:Eu, (Sr, Ba)Al2Si2O8:Eu, Y2Si2O7:Ce, 
ZnGa2O4:Li, Ti, YTaO4zNb, CaWO4, BaFXzEu (X indicates 
halogen), (Sr, Ca) O 2B2O3:Eu, SrAl12O14:Eu, or 
Y2SiO5:Ce, for instance. 

[0088] A commercially available polariZing plate is 
employed as the ?rst polariZation layer 2. The second 
polariZation layer 7 is formed in accordance With the above 
mentioned Process A, as folloWs. 

[0089] First, a polyimide orientation ?lm is applied onto 
the overcoat layer 14, and is ?red to dry. For instance, as the 
polyimide orientation ?lm is used polyimide commercially 
available from Nippon Gosei Gomu in the tradename “AL 
1051”. First and second glass substrates having the same 
siZe are prepared for forming the second polariZation layer. 
The above-identi?ed polyimide orientation ?lm is applied to 
both the ?rst and second glass substrates, and then, ?red to 
dry. Thereafter, the orientation ?lms applied onto the ?rst 
and second glass substrates are rubbed. Then, 20 pm-spacers 
are scattered on the second glass substrate, and a polyimide 
?lm having a Width of 2 mm and a thickness of 20 pm is 
formed at a periphery of the second glass substrate so that 
there is an opening in the polyimide ?lm for introducing 
liquid crystal therethrough. 

[0090] Then, the ?rst and second glass substrates are 
overlapped and temporarily ?xed With each other by means 
of a clamp in such a manner that rubbing directions in the 
?rst and second glass substrates are anti-parallel. The rub 
bing direction is dependent on a characteristic of a dichroism 
pigment introduced together With liquid crystal. HoWever, in 
Example 1, the rubbing direction is adjusted so that a 
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transmission axis of a polarized light is perpendicular to a 
transmission axis of the ?rst polarization layer 2. 

[0091] The overlapped and ?xed ?rst and second glass 
substrates are put into a vacuum chamber, and a mixture of 
photosensitive liquid crystal and a dichroism pigment is 
introduced into a space formed betWeen the glass substrates. 
For instance, the mixture is comprised, at an appropriate 
mixture ratio, of SCB liquid crystal commercially available 
from Merc Co., diacrylate compound described in Makro 
mol, Chemistry, Vol. 190, pp. 2255, 1989, and a dichroism 
pigment described at Mol. Cryst. Liq. Cryst., Vol. 150A, pp. 
3-167, 1987. 

[0092] After the mixture has been introduced into the 
space through the opening, the opening is temporarily closed 
With a polyimide tape. Thereafter, the ?rst and second glass 
substrates together With the mixture are heated to thereby 
eliminate ?oW orientation of the liquid crystal and the 
dichroism pigment, and make their arrangements even. 
Thereafter, ultraviolet (UV) rays are radiated onto a resultant 
to thereby induce cross-linking reaction of the photosensi 
tive liquid crystal. In order to shorten a period of time for 
reaction, there may be used a photoreaction initiator as 
suggested in Makromol. Chem., Vol. 190, pp. 2255, 1989. 

[0093] Thereafter, the second glass substrate is peeled off 
the ?rst glass substrate. Thus, there is obtained the second 
polariZation layer 7. If an orientation ?lm containing ?uo 
rine having small surface energy Were applied onto the 
second glass substrate, the second glass substrate could be 
readily and smoothly peeled off the ?rst glass substrate. 

[0094] In Example 1, it is preferable that the ?rst, second 
and third ?uorescent materials 10, 11 and 12, Which emit 
red, green and blue lights, respectively, on receiving lights 
having a Wavelength in the range of 380 nm to 420 nm, 
include at least one of the folloWing elements or compounds. 

[0095] The ?rst ?uorescent material 10 emitting a red light 
preferably contains 6MgO AszOszMn, 3.5MgO 0.5MgF2 
GeOzzMn, NaSEu (W1_XMoXO4)4 (X is in the range of 0 and 
1), KSEu (W1_XMoXO4)4 (X is in the range of 0 and 1), 
SrY2S4:Eu, SrY2S4:Mn, Y2O2S4:Eu, or NaGd1_XEuXTiO4 
(X is in the range of 0 and 1), for instance. 

[0096] The second ?uorescent material 11 emitting a green 
light preferably contains SrAl2O4:Eu2+, SrGa2S4:Eu, 
Ca3SiO4Cl2:Eu, (PO4)6Cl2:Eu, 
(SrO_9CaO_1)1O(PO4)6Cl2O:Eu, Ba2_XSrXSiO4:Eu2+(X is in 
the range of 0 and 2), Y3Al5O12:Ce, BaZrO3zEu, ZnS:Cu, 
ZnS:Cu—Al, or ZnS:Cu—Au—Al, for instance. 

[0097] The third ?uorescent material 12 emitting a blue 
light preferably contains Sr1O(PO4)6Cl2:Eu, 
(SrO.9CaO.1)1O(PO4)6C12O:Eu> BaMg2A116O273Eu> Ba3-X 
SrXMgSi2O8:Eu (X is in the range of 0 and 3), 
Ba5SiO4Cl6:Eu, ZnS:Ag—Cl, ZnS:Ag—Al, ZnS:Ag, or 
ZnS:Ag—Ga, for instance. 

[0098] As is obvious in vieW of FIG. 4, the liquid crystal 
display in accordance With Example 1 makes it no longer 
necessary to employ the third transparent substrate 302 
Which Was employed in a conventional liquid crystal display, 
as illustrated in FIG. 3. As a result, the liquid crystal display 
in accordance With Example 1 ensures no parallax. 

[0099] In the conventional liquid crystal display illustrated 
in FIG. 1, Which employs the color ?lters 202, tWo-thirds or 
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greater of lights emitted from the backlight source 201 Was 
lost. Comparing to the conventional liquid crystal display 
illustrated in FIG. 1, the liquid crystal display in accordance 
With Example 1 can avoid such an optical loss in the color 
?lters 202, and hence, ensure greater brightness than the 
conventional liquid crystal display. That is, Example 1 
provides a liquid crystal display having greater brightness 
and no parallax. 

[0100] For instance, the ?rst transparent substrate 3 may 
be composed of a highly transparent material such as quartZ, 
Which can pass blue lights having a Wavelength in the range 
of 380 nm to 420 nm, emitted from the backlight source 1. 
This ensures greater brightness. 

[0101] [Example 2] 

[0102] A liquid crystal display in accordance With 
Example 2 has the same structure as that of the liquid crystal 
display in accordance With the second embodiment illus 
trated in FIG. 5. In Example 2 , the ?rst polariZation layer 
2 is located betWeen the ?rst and second transparent sub 
strates 3 and 9. The ?rst polariZation layer 2 may be formed 
in accordance With the process having been mentioned in 
Example 1 . As an alternative, the ?rst polariZation layer 2 
may be formed in accordance With the above-mentioned 
Process C. That is, the ?rst polariZation layer 2 may be 
formed as folloWs, as suggested in Nature Vol. 351, pp. 49, 
1991. A mixture of polyimide and aZo-pigment is applied 
onto a substrate, and then, ?red. Then, a polariZed light is 
radiated over the mixture to thereby induce photo-isomer 
iZation of the aZo-pigment. As a result, an absorption axis of 
the aZo-pigment becomes perpendicular to, or parallel With, 
in some cases, a polariZed light. Thus, there is completed the 
?rst polariZation layer 2. 

[0103] [Example 3] 

[0104] A liquid crystal display in accordance With 
Example 3 has the same structure as that of the liquid crystal 
display in accordance With the third embodiment illustrated 
in FIG. 6. 

[0105] As the backlight source 101 is used a lamp con 
taining a ?uorescent material emitting blue lights having a 
Wavelength in the range of 460 nm to 470 nm, such as 
Sr2P2O7:Sn2+, SrMgAl1OO17:Eu2+, (Ba, Ca, 
Mg)1O(PO4)6Cl2:Eu2+, Ba3_XSrXMgSi2O8:Eu (X is in the 
range of 0 and 3), ZnS:Ag, or ZnS:Ag—Ni. 

[0106] A polariZing plate is used as the ?rst polariZation 
layer 2, and the second polariZation layer 7 may be formed 
in the same manner as mentioned in Examples 1 and 2. 

[0107] As an alternative, the second polariZation layer 7 
may be formed in accordance With the above-mentioned 
Process D, as folloWs. A mixture of a ?rst compound having 
long-chain alkyl groups among dichroism pigments 
described in Mol. Cryst. Liq. Cryst. Vol. 150A, pp. 3-167, 
1987, and a second compound having aZide groups in a 
backbone chain of polymer, such as aZide polymer commer 
cially available from Sinko Giken Co., is applied onto a 
substrate, and then heated to dry. Then, polariZed ultraviolet 
rays are radiated over the mixture. By radiation of polariZed 
ultraviolet rays, only functional groups having a transition 
moment consistent With a direction of polariZation are 
caused to react. Thereafter, non-reacted pigments are 
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removed by Washing the mixture With a solvent, if necessary. 
Thus, there is obtained the second polarization layer 7. 

[0108] It is preferable that the ?rst and second ?uorescent 
materials 102 and 103, Which emit red and green lights, 
respectively, on receiving lights having a Wavelength in the 
range of 460 nm to 470 nm, include at least one of the 
folloWing elements or compounds. 

[0109] The ?rst ?uorescent material 102 preferably con 
tains a coumarin pigment such as 2, 3, 5, 6—1H, and 
4H—tetrahydro—8 trifurolmethylquinoricino (9, 9a, 1—gh) 
coumarin (coumarin 153). 
[0110] The second ?uorescent material 103 preferably 
contains a cyanine pigment such as 4—dicyanomethylene— 
2—methyl—6—(p-dimethylaminostillyn) —4H—pyrane 
(DCM), a pyridine pigment such as 1—ethyl—2—(4—(p 
dimethylaminophenyl)—1, 3-butadienyl)—pyridium—bar 
colarate—(pyridine 1), a xanthene pigment such as 
rhodamine B and rhodamine 6C, or an oxaZine pigment. 

[0111] The transparent ?lms 104 pass therethrough blue 
lights emitted from the backlight source 101. In principle, it 
is not necessary for the liquid crystal display to have the 
transparent ?lms 104. HoWever, the formation of the trans 
parent ?lms 104 advantageously uniformiZes a gap Width of 
the ?rst transparent electrode 4 and the second transparent 
electrode 6. 

[0112] Thus, Example 3 provides a liquid crystal display 
having greater brightness and no parallax. 

[0113] [Example 4] 
[0114] A liquid crystal display in accordance With 
Example 4 has the same structure as that of the liquid crystal 
display in accordance With the fourth embodiment illustrated 
in FIG. 7. The ?rst polariZation layer 2 is located betWeen 
the ?rst and second transparent substrates 3 and 9. The 
second polariZation layer 7 is formed in the same manner as 
those of the above-mentioned Examples 1 to 3. 

[0115] While the present invention has been described in 
connection With certain preferred embodiments, it is to be 
understood that the subject matter encompassed by Way of 
the present invention is not to be limited to those speci?c 
embodiments. On the contrary, it is intended for the subject 
matter of the invention to include all alternatives, modi? 
cations and equivalents as can be included Within the spirit 
and scope of the folloWing claims. 

[0116] The entire disclosure of Japanese Patent Applica 
tion No. 9-206224 ?led on Jul. 31, 1997 including speci? 
cation, claims, draWings and summary is incorporated herein 
by reference in its entirety. 

What is claimed is: 
1. A liquid crystal display comprising: 

(a) a backlight source having a dominant emission peak at 
380-420 nm; 

(b) a ?rst polariZation layer for selecting a light directed 
in a predetermined direction among lights emitted from 
said backlight source; 

(c) a second polariZation layer for receiving a light 
selected by said ?rst polariZation layer; 

(d) ?rst and second light-permeable substrates; 
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(e) ?rst and second light-permeable electrodes; 

(f) a liquid crystal layer; and 

(g) a ?uorescent material layer receiving lights from said 
backlight source and emitting a light therefrom, 

said second polariZation layer being located intermediate 
betWeen said ?rst and second light-permeable sub 
strates. 

2. The liquid crystal display as set forth in claim 1, 
Wherein said backlight source, said ?rst polariZation layer, 
said ?rst light-permeable substrate, said ?rst light-permeable 
electrode, said liquid crystal layer, said second light-perme 
able electrode, said second polariZation layer, said ?uores 
cent material layer, and said second light-permeable sub 
strate are deposited from bottom to top in this order. 

3. The liquid crystal display as set forth in claim 1, 
Wherein said backlight source emits blue lights. 

4. The liquid crystal display as set forth in claim 1, 
Wherein said ?uorescent material layer includes a ?rst 
?uorescent material emitting red lights in response to lights 
emitted from said backlight source, a second ?uorescent 
material emitting green lights in response to lights emitted 
from said backlight source, a third ?uorescent material 
emitting blue lights in response to lights emitted from said 
backlight source, said ?rst to third ?uorescent materials 
being arranged in a line, and light-impermeable layers 
located betWeen said ?rst to third ?uorescent materials. 

5. The liquid crystal display as set forth in claim 4, 
Wherein said ?uorescent material layer further includes an 
overcoat layer composed of light-permeable resin and cov 
ering said ?rst to third ?uorescent materials thereWith. 

6. The liquid crystal display as set forth in claim 1, 
Wherein said second polariZation layer is formed by the steps 
of forming a ?uorescent material layer on a light-permeable 
substrate, forming an overcoat layer over said ?uorescent 
material layer, applying orientation to said overcoat layer, 
forming a layer containing photosensitive liquid crystal and 
dichroism pigment on said overcoat layer, and emitting a 
light to said layer to cure said photosensitive liquid crystal. 

7. The liquid crystal display as set forth in claim 6, 
Wherein said orientation is rubbing. 

8. The liquid crystal display as set forth in claim 1, 
Wherein said second polariZation layer is formed by the steps 
of forming a ?uorescent material layer on a light-permeable 
substrate, forming an overcoat layer over said ?uorescent 
material layer, forming a layer on said overcoat layer, Which 
layer contains polymer and dichroism pigment Which is 
isomeriZed on receiving a light, and emitting a polariZed 
light to said layer. 

9. The liquid crystal display as set forth in claim 1, 
Wherein said second polariZation layer is formed by the steps 
of forming a ?uorescent material layer on a light-permeable 
substrate, forming an overcoat layer over said ?uorescent 
material layer, forming a layer on said overcoat layer, Which 
layer contains photosensitive polymer and dichroism pig 
ment, and emitting a polariZed light to said layer. 

10. A liquid crystal display comprising: 

(a) a backlight source having a dominant emission peak at 
380-420 nm; 

(b) a ?rst polariZation layer for selecting a light directed 
in a predetermined direction among lights emitted from 
said backlight source; 
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(c) a second polarization layer for receiving a light 
selected by said ?rst polarization layer; 

(d) ?rst and second light-perrneable substrates; 

(e) ?rst and second light-perrneable electrodes; 

(f) a liquid crystal layer; and 

(g) a ?uorescent rnaterial layer-receiving lights from said 
backlight source and emitting a light therefrom, 

said ?rst and second polarization layers being located 
intermediate between said ?rst and second light-per 
rneable substrates. 

11. The liquid crystal display as set forth in claim 10, 
Wherein said backlight source, said ?rst light-perrneable 
substrate, said ?rst polarization layer, said ?rst light-perrne 
able electrode, said liquid crystal layer, said second light 
perrneable electrode, said second polarization layer, said 
?uorescent material layer, and said second light-perrneable 
substrate are deposited from bottom to top in this order. 

12. The liquid crystal display as set forth in claim 10, 
Wherein said backlight source ernits blue lights. 

13. The liquid crystal display as set forth in claim 10, 
Wherein said ?uorescent material layer includes a ?rst 
?uorescent rnaterial ernitting red lights in response to lights 
emitted from said backlight source, a second ?uorescent 
rnaterial ernitting green lights in response to lights emitted 
from said backlight source, a third ?uorescent rnaterial 
ernitting blue lights in response to lights emitted from said 
backlight source, said ?rst to third ?uorescent materials 
being arranged in a line, and light-irnperrneable layers 
located betWeen said ?rst to third ?uorescent materials. 

14. The liquid crystal display as set forth in claim 13, 
Wherein said ?uorescent material layer further includes an 
overcoat layer composed of light-perrneable resin and cov 
ering said ?rst to third ?uorescent rnaterials thereWith. 

15. The liquid crystal display as set forth in claim 10, 
Wherein said second polarization layer is formed by the steps 
of forming a ?uorescent material layer on a light-perrneable 
substrate, forming an overcoat layer over said ?uorescent 
material layer, applying orientation to said overcoat layer, 
forming a layer containing photosensitive liquid crystal and 
dichroisrn pigment on said overcoat layer, and emitting a 
light to said layer to cure said photosensitive liquid crystal. 

16. The liquid crystal display as set forth in claim 15, 
Wherein said orientation is rubbing. 

17. The liquid crystal display as set forth in claim 10, 
Wherein said ?rst polarization layer is formed by the steps of 
forming an orientation ?lrn on a light-perrneable substrate, 
applying orientation to said orientation ?lrn, forming a layer 
containing photosensitive liquid crystal and dichroisrn pig 
rnent on said orientation ?lrn, and emitting a light to said 
layer to cure said photosensitive liquid crystal. 

18. The liquid crystal display as set forth in claim 17, 
Wherein said orientation is rubbing. 

19. The liquid crystal display as set forth in claim 10, 
Wherein said second polarization layer is formed by the steps 
of forming a ?uorescent material layer on a light-perrneable 
substrate, forming an overcoat layer over said ?uorescent 
material layer, forming a layer on said overcoat layer, Which 
layer contains polymer and dichroisrn pigrnent Which is 
isornerized on receiving a light, and emitting a polarized 
light to said layer. 

20. The liquid crystal display as set forth in claim 10, 
Wherein said ?rst polarization layer is formed by the steps of 
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forming a layer on a light-perrneable substrate, Which layer 
contains polymer and dichroisrn pigrnent Which is isorner 
ized on receiving a light, and emitting a polarized light to 
said layer. 

21. The liquid crystal display as set forth in claim 10, 
Wherein said second polarization layer is formed by the steps 
of forming a ?uorescent material layer on a light-perrneable 
substrate, forming an overcoat layer over said ?uorescent 
material layer, forming a layer on said overcoat layer, Which 
layer contains photosensitive polymer and dichroisrn pig 
rnent, and emitting a polarized light to said layer. 

22. The liquid crystal display as set forth in claim 10, 
Wherein said ?rst polarization layer is formed by the steps of 
forming a layer on a light-perrneable substrate, Which layer 
contains photosensitive polymer and dichroisrn pigment, 
and emitting a polarized light to said layer. 

23. A liquid crystal display comprising: 

(a) a backlight source having a dominant emission peak at 
460-470 nrn; 

(b) a ?rst polarization layer for selecting a light directed 
in a predetermined direction arnong lights emitted from 
said backlight source; 

(c) a second polarization layer for receiving a light 
selected by said ?rst polarization layer; 

(d) ?rst and second light-perrneable substrates; 

(e) ?rst and second light-perrneable electrodes; 

(f) a liquid crystal layer; and 

(g) a ?uorescent material layer receiving lights from said 
backlight source and emitting a light therefrorn, 

said second polarization layer being located intermediate 
between said ?rst and second light-perrneable sub 
strates. 

24. The liquid crystal display as set forth in claim 23, 
Wherein said backlight source, said ?rst polarization layer, 
said ?rst light-perrneable substrate, said ?rst light-perrneable 
electrode, said liquid crystal layer, said second light-perrne 
able electrode, said second polarization layer, said ?uores 
cent rnaterial layer, and said second light-perrneable sub 
strate are deposited from bottom to top in this order. 

25. The liquid crystal display as set forth in claim 23, 
Wherein said backlight source ernits blue lights. 

26. The liquid crystal display as set forth in claim 25, 
Wherein said ?uorescent material layer includes a ?rst 
?uorescent rnaterial ernitting red lights in response to lights 
emitted from said backlight source, a second ?uorescent 
rnaterial ernitting green lights in response to lights emitted 
from said backlight source, a transparent ?lrn passing there 
through lights emitted from said backlight source, said ?rst 
and second ?uorescent materials and said transparent ?lrn 
being arranged in a line, and light-irnperrneable layers 
located betWeen said ?rst and second ?uorescent materials 
and said transparent ?lrn. 

27. The liquid crystal display as set forth in claim 26, 
Wherein said ?uorescent material layer further includes an 
overcoat layer composed of light-perrneable resin and cov 
ering said ?rst and ?uorescent materials and said transparent 
?lrn thereWith. 

28. The liquid crystal display as set forth in claim 23, 
Wherein said second polarization layer is formed by the steps 
of forming a ?uorescent material layer on a light-perrneable 
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substrate, forming an overcoat layer over said ?uorescent 
material layer, applying orientation to said overcoat layer, 
forming a layer containing photosensitive liquid crystal and 
dichroisrn pigment on said overcoat layer, and emitting a 
light to said layer to cure said photosensitive liquid crystal. 

29. The liquid crystal display as set forth in claim 28, 
Wherein said orientation is rubbing. 

30. The liquid crystal display as set forth in claim 23, 
Wherein said second polariZation layer is formed by the steps 
of forming a ?uorescent material layer on a light-perrneable 
substrate, forming an overcoat layer over said ?uorescent 
material layer, forming a layer on said overcoat layer, Which 
layer contains polymer and dichroisrn pigrnent Which is 
isorneriZed on receiving a light, and emitting a polariZed 
light to said layer. 

31. The liquid crystal display as set forth in claim 23, 
Wherein said second polariZation layer is formed by the steps 
of forming a ?uorescent material layer on a light-perrneable 
substrate, forming an overcoat layer over said ?uorescent 
material layer, forming a layer on said overcoat layer, Which 
layer contains photosensitive polymer and dichroisrn pig 
rnent, and emitting a polariZed light to said layer. 

32. A liquid crystal display comprising: 

(a) a backlight source having a dominant emission peak at 
460-470 nrn; 

(b) a ?rst polariZation layer for selecting a light directed 
in a predetermined direction arnong lights emitted from 
said backlight source; 

(c) a second polariZation layer for receiving a light 
selected by said ?rst polariZation layer; 

(d) ?rst and second light-perrneable substrates; 

(e) ?rst and second light-perrneable electrodes; 

(f) a liquid crystal layer; and 

(g) a ?uorescent material layer receiving lights from said 
backlight source and emitting a light therefrorn, 

said ?rst and second polariZation layers being located 
intermediate between said ?rst and second light-per 
rneable substrates. 

33. The liquid crystal display as set forth in claim 32, 
Wherein said backlight source, said ?rst light-perrneable 
substrate, said ?rst polariZation layer, said ?rst light-perrne 
able electrode, said liquid crystal layer, said second light 
perrneable electrode, said second polariZation layer, said 
?uorescent material layer, and said second light-perrneable 
substrate are deposited from bottom to top in this order. 

34. The liquid crystal display as set forth in claim 32, 
Wherein said backlight source ernits blue lights. 

35. The liquid crystal display as set forth in claim 34, 
Wherein said ?uorescent material layer includes a ?rst 
?uorescent rnaterial ernitting red lights in response to lights 
emitted from said backlight source, a second ?uorescent 
rnaterial ernitting green lights in response to lights emitted 
from said backlight source, a transparent ?lrn passing there 
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through lights emitted from said backlight source, said ?rst 
and second ?uorescent materials and said transparent ?lrn 
being arranged in a line, and light-irnperrneable layers 
located betWeen said ?rst and second ?uorescent materials 
and said transparent ?lrn. 

36. The liquid crystal display as set forth in claim 35, 
Wherein said ?uorescent material layer further includes an 
overcoat layer composed of light-perrneable resin and cov 
ering said ?rst and ?uorescent materials and said transparent 
?lrn thereWith. 

37. The liquid crystal display as set forth in claim 32, 
Wherein said second polariZation layer is formed by the steps 
of forming a ?uorescent material layer on a light-perrneable 
substrate, forming an overcoat layer over said ?uorescent 
material layer, applying orientation to said overcoat layer, 
forming a layer containing photosensitive liquid crystal and 
dichroisrn pigment on said overcoat layer, and emitting a 
light to said layer to cure said photosensitive liquid crystal. 

38. The liquid crystal display as set forth in claim 37, 
Wherein said orientation is rubbing. 

39. The liquid crystal display as set forth in claim 32, 
Wherein said ?rst polariZation layer is formed by the steps of 
forming an orientation ?lrn on a light-perrneable substrate, 
applying orientation to said orientation ?lrn, forming a layer 
containing photosensitive liquid crystal and dichroisrn pig 
rnent on said orientation ?lrn, and emitting a light to said 
layer to cure said photosensitive liquid crystal. 

40. The liquid crystal display as set forth in claim 39, 
Wherein said orientation is rubbing. 

41. The liquid crystal display as set forth in claim 32, 
Wherein said second polariZation layer is formed by the steps 
of forming a ?uorescent material layer on a light-perrneable 
substrate, forming an overcoat layer over said ?uorescent 
material layer, forming a layer on said overcoat layer, Which 
layer contains polymer and dichroisrn pigrnent Which is 
isorneriZed on receiving a light, and emitting a polariZed 
light to said layer. 

42. The liquid crystal display as set forth in claim 32, 
Wherein said ?rst polariZation layer is formed by the steps of 
forming a layer on a light-perrneable substrate, Which layer 
contains polymer and dichroisrn pigrnent Which is isorner 
iZed on receiving a light, and emitting a polariZed light to 
said layer. 

43. The liquid crystal display as set forth in claim 32, 
Wherein said second polariZation layer is formed by the steps 
of forming a ?uorescent material layer on a light-perrneable 
substrate, forming an overcoat layer over said ?uorescent 
material layer, forming a layer on said overcoat layer, Which 
layer contains photosensitive polymer and dichroisrn pig 
rnent, and emitting a polariZed light to said layer. 

44. The liquid crystal display as set forth in claim 32, 
Wherein said ?rst polariZation layer is formed by the steps of 
forming a layer on a light-perrneable substrate, Which layer 
contains photosensitive polymer and dichroisrn pigment, 
and emitting a polariZed light to said layer. 

* * * * * 


