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(57) ABSTRACT 

A polarization light splitting ?lm having a light receiving 
side and a light transmitting side. The polarization light 
splitting ?lm includes an optical rotation selection layer at 
the light receiving side for re?ecting one of right and left 
circularly polarized components of a light beam that is inci 
dent on the light receiving side and for transmitting the other 
one of the right and left circular polarization components of 
the light beam, and a quarter-Wave layer laminated over the 
optical rotation selection layer at the light transmitting side. 

1 Claim, 6 Drawing Sheets 
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POLARIZATION LIGHT SPLITTING FILM, 
BACKLIGHT SYSTEM AND LIQUID 

CRYSTAL DISPLAY HAVING PARTICULAR 
DIFFUSION LAYER UNDER OPTICAL 
ROTATIONAL SELECTION LAYER 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

More than one reissue application has been ?led for the 
reissue of US. Pat. No. 6,559,911. The reissue applications 
are: the present application, which is a reissue application 
ofU.S. Pat. Nos. 6,559,911, and 12/273,097, which is a con 
tinuation ofthe present application. 

This application claims the bene?t of Japanese Applica 
tion No. 09-48562, ?led on Feb. 18, 1997, which is hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a light splitter and, more 
particularly, to a polarization light splitting ?lm for use in a 
liquid crystal display device and the like. 

2. Discussion of the RelatedArt 

Due to recent technological development, liquid crystal 
displays (LCDs) are becoming increasingly popular for use 
in the display component of a personal computer and the 
like. Advantages of the liquid crystal display, such as the fact 
that they are thinner and lighter than the conventional dis 
play devices, for example, largely contributed to their gain in 
popularity. Moreover, a narrow viewing angle in conven 
tional LCDs, which was previously considered to be a 
disadvantage, has been recently overcome by newly devel 
oped LCDs with a wide viewing angle. Accordingly, a wide 
variety of usages of the LCDs beyond personal-computer 
use is expected to emerge. 

Since a liquid crystal panel itself is not a light-emission 
device, the LCD needs an illumination light source. Re?ec 
tion type LCDs use external illumination as the illumination 
light source. However, transmission type LCDs equipped 
with an internal backlight system are more popular. 

FIG. 13 shows a typical structure of a conventional trans 
mission type LCD. In this example, a backlight system 20 
includes a light source 21, light guide 22, light diffusion 
elements 23, re?ective sheet 24, diffusion sheet 25, and a 
prism sheet 26. Light emitted from light source 21 is inci 
dent on light guide 22. A cone-like shaped object indicates a 
viewing position of the LCD. The incident light propagates 
in the light guide 22 by experiencing multiple total internal 
re?ections. A portion of the light in the light guide 22 is 
diffused (or scattered) upwards by light diffusion elements 
23 and emerges from the light guide 22. A portion of the 
light emitted downwards from the light guide 22 is re?ected 
by re?ection sheet 24 and is returned to the light guide 22. 
The light emitted upwards from the light guide 22 is diffused 
by diffusion sheet 25 and converged by prism sheet 26. The 
resultant light is used as illumination light for a liquid crystal 
cell 30, which is sandwiched by polarizing plates 31 and 32. 

In most LCDs, polarized light that is obtained by transmit 
ting light through a polarizing plate is modulated in the liq 
uid crystal layer. Approximately half of the incident light is 
absorbed at the polarizing plate and, accordingly, the e?i 
ciency in the light usage is low. In order to produce suf?cient 
luminance, more light needs to be incident on the polarizing 
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2 
plate. However, increasing the light intensity causes a vari 
ety of problems, such as increased power consumption of the 
light source and adverse effects on the liquid crystal material 
due to heat generated from the thus powered up light source, 
which degrades the display quality. 

To solve the above-mentioned problems, the following 
technique has been proposed. First, unpolarized light from a 
light source is split by a polarization light splitter into two 
linearly polarized light beams having the polarization direc 
tions orthogonal to each other. Then, one of the linearly 
polarized light beams is directly used for illumination while 
the other polarized light beam is used indirectly. In other 
words, one of the polarization components, which are sepa 
rated by the polarizing plate, is directly incident on the liquid 
crystal cell, whereas the other polarization component, 
which progresses towards the light source, is re-directed 
toward the polarizing plate by re?ection or the like. This 
way, the e?iciency in light usage can be improved. Some of 
the recent developments along this direction are as follows. 

(1) In Japanese Application Laid-Open Publication No. 
04-184429, an unpolarized light beam from a light 
source is split by a polarization light splitter into two 
orthogonally polarized light beams. One of the polar 
ized light beams is directed towards the liquid crystal 
cell. The other beam, which progresses towards the 
light source, is converged and then re?ected towards 
the liquid crystal cell. 

(2) A backlight system disclosed in Japanese Application 
Laid-Open Publication No. 06-265892 includes a beam 
de?ector that transmits light in a direction substantially 
normal to the light emitting surface of a planar light 
guide. The de?ector is disposed on the light emitting 
side of the planar light guide, and a polarization light 
splitter is disposed above the de?ector. 

(3) In a backlight system disclosed in Japanese Applica 
tion Laid-Open Publication No. 07-261 122, a polarized 
light splitter is located on the light emitting side of a 
parallel light generating device. The parallel light gen 
erating device is constructed of a light scattering con 
ductor including a portion having a wedge-shaped pro 
?le. 

(4) Similar systems are proposed in Japanese Application 
Laid-Open Publication No. 06-289226, No. 07-49496. 
All the proposed polarized light splitting systems, 
including the above-mentioned (1) to (3), employ a 
multi-layer ?lm utilizing the Brewster law (Brewster’s 
angle) as polarization splitting means. 

FIGS. 11 and 12 show cross-sectional views of conven 
tional polarization light splitting ?lms. In FIG. 11, polariza 
tion light splitting ?lm 40 has a multi-layer structure formed 
by alternately laminating light transmission layers 41 having 
a large refractive index and light transmission layers 42 hav 
ing a small refractive index. Using Brewster’s law, the polar 
ization light splitting ?lm 40 is designed to transmit the 
p-polarized light component and re?ect the s-polarized light 
component. 

Polarization light splitting ?lm 40 in FIG. 12 also has a 
laminated structure of two types of layers 43, 44 having 
different refractive indices. The thickness of the layers 43 is 
designed to cause interference with respect to visible light. 
In this construction, if the refractive indices of the layers 43, 
44 and the thickness of layer 43 satisfy a certain predeter 
mined relationship, the transmission contrast between the 
p-polarized component and the s-polarized component 
becomes large with respect to a certain incident angle. The 
polarization light splitting ?lm 40 of FIG. 12 utilizes this 
property to transmit polarized light. 
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However, the above-mentioned conventional techniques 
have the following disadvantages. The backlight system of 
(l) is intended for use With projection LCD devices. The 
structure of such an illumination system requires a large 
amount of space. Therefore, it cannot be applied to thin 
panel-type LCD devices. 

The backlight system of (2) is applicable to thin LCD 
devices. If a polarized light splitting layer is fabricated on 
the inclined sides of a columnar prism array having a plural 
ity of triangular-shape prism units, a relatively high e?i 
ciency can be achieved in light usage. HoWever, the structure 
of the polarized light splitting layer becomes complicated. In 
particular, it is di?icult to fabricate the polarized light split 
ter layer on the inclined sides of the columnar prism array. 
This type of backlight system is therefore not suitable for 
mass production. 
As for the backlight system of (3), if the parallel light 

generating device is constructed of a certain light scattering 
conductor having a Wedge-shaped pro?le, superior e?i 
ciency in light usage can be obtained. HoWever, it is di?icult 
to manufacture such a light scattering conductor With a 
desirable light scattering performance. Accordingly, this 
system is not suitable for actual use. 

In addition, since all the systems discussed in (l) to (4) 
utilize the BreWster laW (or BreWster’s angle), it is necessary 
to form multiple layers on an inclined face. Therefore, these 
systems require a complicated structure and are not suitable 
for mass production. 

Furthermore, to produce a su?icient polarization light 
splitting property using the conventional multi-layer struc 
tures above, at least ?ve layers need to be laminated, result 
ing in a complicated layer structure. In addition, the polar 
ization light splitting property depends on the incident angle 
and the Wavelength, etc., imposing many undesirable limita 
tions in the actual use. For example, because illumination 
light that propagates in a direction normal to the emitting 
surface of the backlight system is polarized and split using 
BreWster’s laW, the multiple layers need to be inclined With 
respect to the emitting surface by forming the layers on an 
inclined plane. Therefore, the polarization light splitting 
device must be thick enough to accommodate this structure. 
This is not consistent With a recent trend toWards reducing 
the thickness of LCD devices. 

In addition, the conventional polarization light splitting 
devices Would not be effective unless the coupling of the 
light splitting device With other elements of the backlight 
system, such as a diffusion ?lm and a prism sheet, is opti 
mized. Also, it is important to add anti-re?ection layers, hard 
coating layers, adhesive compound/cement layers, and/or 
polarizing layers to the polarized light splitting device for 
the Whole device to be effective under various operating con 
ditions. HoWever, there have been no such proposals. 
As described above, some of the conventional backlight 

systems use a laminated structure of a plurality of layers 
having different refractive indices. Other systems use the 
multi-layered structure formed on a prism-like shaped 
object. In any event, the conventional backlight systems are 
limited in the sense that they use the BreWster laW 

(BreWster’s laW). 
SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to a polar 
ization light splitting ?lm that substantially obviates the 
problems due to limitations and disadvantages of the related 
art. 

An object of the present invention is to provide a thin, 
highly ef?cient polarization light splitting ?lm having a rela 
tively simple structure and being suitable for mass produc 
tion. 
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4 
Another object of the present invention is to provide a 

polarization light splitting ?lm for use in a backlight system 
that does not require a complicated coupling With other ele 
ments of the backlight system. 
A further object of the present invention is to provide a 

thin-type backlight and an LCD device that utilizes a polar 
ization light splitting ?lm of the present invention. 

Additional features and advantages of the invention Will 
be set forth in the description that folloWs, and in part Will be 
apparent from the description, or may be learned by practice 
of the invention. The objectives and other advantages of the 
invention Will be realized and attained by the structure par 
ticularly pointed out in the Written description and claims 
hereof as Well as the appended draWings. 

To achieve these and other advantages and in accordance 
With the purpose of the present invention, as embodied and 
broadly described, the polarization light splitting ?lm 
according to an aspect of the present invention includes an 
optical rotation selection layer that re?ects one of the right 
and left circular polarization components of incident light 
and transmits the other component of the light. The polariza 
tion light splitting ?lm also includes a quarter-Wave plate. 
These tWo layers together perform a similar function to that 
of the conventional polarization light splitting ?lm that 
transmits linearly polarized light. The re?ected light of the 
polarization light splitting ?lm of the present invention is a 
circularly polarized beam. When the optical rotation face of 
the polarization light splitting ?lm is used for a light receiv 
ing surface and the quarter-Wave plate side face is used for a 
light transmitting surface, either the right or left circular 
polarization component of the incident light is re?ected and 
the other component is transmitted at the optical rotation 
selection layer. The transmitted light is converted into lin 
early polarized light at the quarter-Wave plate, and is emitted 
from the polarization light splitting ?lm as linearly polarized 
light. A cholesteric liquid crystal layer may be used for the 
optical rotation selection layer. According to the present 
invention, the e?iciency in light usage of the backlight sys 
tem utilizing the polarization light splitting ?lm of the 
present invention can be improved. 
A diffusion layer, prism layer, and/or lens layer may addi 

tionally be formed on the light receiving side of the polariza 
tion light splitting ?lm of the present invention. In this case, 
the polarization light splitting ?lm possesses the correspond 
ing functions of diffusion, de?ection, and/or convergence. 

Also, by adding an anti-re?ection layer on the incident 
surface, undesirable re?ection at the incident surface can be 
prevented. Furthermore, a polarizer layer may be laminated 
on the emitting surface of the polarization light splitting ?lm 
to generate linearly polarized light With a higher linearity. 
A backlight system according to another aspect of the 

present invention includes the above-described polarization 
light splitting ?lm, a plate-like light guide placed on the 
incident surface side of the polarization light splitting ?lm, 
and a light source placed on the side of the light guide. 
An LCD device according to a further aspect of the 

present invention includes the above-described backlight as 
a back light source of a liquid crystal cell. 

In another aspect, the present invention provides a polar 
ization light splitting ?lm having a light receiving side and a 
light transmitting side, the polarization light splitting ?lm 
including an optical rotation selecting layer at the light 
receiving side for re?ecting one of right and left circularly 
polarized components of a light beam that is incident 
thereon from the light receiving side and for transmitting the 
other one of the right and left circular polarization compo 
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nents of the light beam; and a quarter-Wave layer laminated 
over the optical rotation selection layer at the light transmit 
ting side. 

In another aspect, the present invention provides a back 
light system including a polarization light splitting ?lm hav 
ing a light receiving side and a light transmitting side, the 
polarization light splitting ?lm including an optical rotation 
selection layer at the light receiving side for re?ecting one of 
right and left circularly polarized components of a light 
beam that is incident thereon from the light receiving side 
and for transmitting the other one of the right and left circu 
lar polarization components of the light beam, and a quarter 
Wave layer laminated over the optical rotation selection layer 
at the light transmitting side; a light source for emitting a 
light beam; and a light guide disposed at the light receiving 
side of the polarization light splitting ?lm for guiding the 
light beam emitted from the light source toWards the polar 
ization light splitting ?lm as the incident light. 

In a further aspect the present invention provides a liquid 
crystal display device including a backlight system and liq 
uid crystal cell receiving the light transmitted from the back 
light system to display images. The backlight system 
includes a polarization light splitting ?lm having a light 
receiving side and a light transmitting side, the polarization 
light splitting ?lm including an optical rotation selection 
layer at the light receiving side for re?ecting one of right and 
left circularly polarized components of a light beam that is 
incident thereon from the light receiving side and for trans 
mitting the other one of the right and left circular polariza 
tion components of the light beam, and the polarization light 
splitting ?lm further including a quarter-Wave layer lami 
nated over the optical rotation selection layer at the light 
transmitting side; a light source for emitting a light beam; 
and a light guide disposed at the light receiving side of the 
polarization light splitting ?lm for guiding the light beam 
emitted from the light source toWards the polarization light 
splitting ?lm as the incident light. 

It is to be understood that both the foregoing general 
description and the folloWing detailed description are exem 
plary and explanatory and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings, Which are included to pro 
vide a further understanding of the invention and are incor 
porated in and constitute a part of this speci?cation, illustrate 
embodiments of the invention and together With the descrip 
tion serve to explain the principles of the invention. 

In the draWings: 
FIG. 1 is a cross-sectional vieW of a polarization light 

splitting ?lm according to a preferred embodiment of the 
present invention; 

FIG. 2 is a cross-sectional vieW of a polarization light 
splitting ?lm according to another preferred embodiment of 
the present invention; 

FIG. 3 is a cross-sectional vieW of a polarization light 
splitting ?lm having a diffusion layer according to another 
preferred embodiment of the present invention; 

FIG. 4 is a cross-sectional vieW of a polarization light 
splitting ?lm having a prism layer according to another pre 
ferred embodiment of the present invention; 

FIGS. 5A and 5B are perspective vieWs of various 
examples of the prism layer for use in the polarization light 
splitting ?lm of FIG. 4; 

FIG. 6 is a cross-sectional vieW of a polarization light 
splitting ?lm having a lens layer according to another pre 
ferred embodiment of the present invention; 
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FIGS. 7A, 7B, and 7C are perspective vieWs of various 

examples of the prism layer for use in the polarization light 
splitting ?lm of FIG. 6; 

FIG. 8A is a cross-sectional vieW of a polarization light 
splitting ?lm having an anti-re?ection layer according to 
another preferred embodiment of the present invention; 

FIG. 8B is a cross-sectional vieW of a polarization light 
splitting ?lm having a polarizing layer according to another 
preferred embodiment of the present invention; 

FIG. 9 is a cross-sectional vieW of a liquid crystal display 
device having a backlight system according to another pre 
ferred embodiment of the present invention; 

FIG. 10 is a cross-sectional vieW of a liquid crystal display 
device having a backlight system according to still another 
preferred embodiment of the present invention; 

FIG. 11 is a cross-sectional vieW of a conventional light 
splitting ?lm; 

FIG. 12 is a cross-sectional vieW of another conventional 
light splitting ?lm; 

FIG. 13 is a cross-sectional vieW of a conventional liquid 
crystal display device having a backlight system; and 

FIG. 14 is a schematic diagram shoWing the experimental 
set-up for measuring the degree of linear polarization for 
each of the Working examples of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Reference Will noW be made in detail to the preferred 
embodiments of the present invention, examples of Which 
are illustrated in the accompanying draWings. 

FIGS. 1*4, 6 and 8 shoW cross-sectional vieWs of various 
preferred embodiments of the polarization light splitting 
?lm according to the present invention. In FIG. 1, a polariza 
tion light splitting ?lm 10 of the present invention includes a 
quarter-Wave layer 2 (M 4 phase differentiation layer) formed 
on an optical rotation selection layer 1. When an unpolarized 
light beam is incident on the optical rotation selection layer 1 
from beloW, one of the right and left circularly polarized 
components of the incident light beam is re?ected and the 
other component is transmitted through the optical rotation 
selection layer 1. The circularly polarized light transmitted 
through optical rotation selection layer 1 becomes a linearly 
polarized light beam through the quarter-Wave layer 2 and is 
emitted from the polarization light splitting ?lm 10. 
As the optical rotation selection layer 1, any kind of mate 

rial and/ or structure may be used as long as the material and 
the structure has the desired selectivity on circular polariza 
tion. For example, a liquid crystal, in particular, cholesteric 
liquid crystal, may be used as the material to form the optical 
rotation selection layer 1. 

Cholesteric liquid crystal exhibits the above-mentioned 
optical rotation selectivity due to its helical molecular struc 
ture. Light incident at an angle parallel to the helical axis of 
the planer structure of the cholesteric liquid crystal is split 
into tWo circularly polarized light Waves With different rota 
tion directions (right and left: clockWise and counter 
clockwise). One of the tWo circularly polarized components 
is transmitted and the other component is scattered and 
re?ected. This phenomena is knoWn as circular dichroism. 
When the orientation of the optical rotation of the circularly 
polarized light matches the incident light, the circularly 
polarized light that has the same orientation as the optical 
rotation of the helical axis of the cholesteric liquid crystal is 
selectively re?ected. The maximum re?ection of the opti 
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cally rotated beam occurs at the Wavelength k0 in accor 
dance With the following Equation (1). 

(1) A0:11,”); 

Here, p is the helical pitch, and n AV is an average refractive 
index in a plane perpendicular to the helical axis. The Wave 
length bandwidth A?» of the re?ected light is given in the 
folloWing Equation (2). 

MFAH-P (2) 

Where An=n||—nJ_, n|| is the maximum refractive index in a 
plane perpendicular to the helical axis, and nJ_ is the maxi 
mum refractive index in a plane parallel to the helical axis. 
Also, it is knoWn that the Wavelength M) of the selectively 
scattered light, originating from the light obliquely incident 
on the liquid crystal layer With respect to the helical axis of 
the planar structure, is shifted from A0 toWard the shorter 
Wavelength. 

Using the above-mentioned characteristics, it is possible 
to use only light having a certain Wavelength. Alternatively, 
the helical pitch p and the refractive index difference An of 
the cholesteric liquid crystal may be adjusted such that the 
Wavelength bandWidth A?» of the re?ected light covers the 
entire range of visible light, making it possible to use White 
light. 
As such a cholesteric liquid crystal, it is desirable to use 

chiral nematic liquid crystal compounds in Which an opti 
cally active substance, such as a 2-methylbutyl group, 
2-methylbutoxy group, or 4-methylhexyl group, is attached 
to the end group of a nematic liquid crystal compound, such 
as a schiff base, azo-system, ester-system, or biphenyl 
system. 

Also, cholesteric liquid crystal polymers are among the 
preferable materials for the cholesteric liquid crystal of the 
present invention. This is because the cholesteric liquid crys 
tal polymer is in its solid phase at a room temperature, and 
its chiral characteristics are easily maintained. In general, to 
form a liquid crystal polymer, a mesogen group of a liquid 
crystal phase is introduced in the main chain and/or the side 
chain. The cholesteric liquid crystal polymer can also be 
obtained by introducing a cholesteril group in the side chain, 
for example. In this case, the cholesteril group can be intro 
duced to the side chain of a main chain polymer of polysi 
loxane or a vinyl polymer, such as an ethyiene-vinyl acetate 
copolymer, through a spacer (molecular) providing an 
appropriate distance. Alteratively, a vinyl monomer having a 
cholesteril group may be polymerized to produce the choles 
teric liquid crystal polymer. 

The optical rotation selection layer of the present inven 
tion may have a single layered structure of a cholesteric 
liquid crystal layer or a multi-layer structure in Which an 
optical rotation selection layer is coated on a base member 
(substrate). In the polarization light splitting ?lm 10 shoWn 
in FIG. 2, optical rotation selection material, made of choles 
teric liquid crystal, is coated on a base member 3 (substrate) 
to form a cholesteric liquid crystal layer 4 thereon. The opti 
cal rotation selection layer 1 corresponds to the multi 
layered structure of base member 3 and cholesteric liquid 
crystal layer 4. In addition, a quarter-Wave layer 2 is formed 
on the cholesteric liquid crystal layer 4. The substrate side is 
used as the light receiving surface, and the quarter-Wave 
layer side is used as the light transmitting surface. In an 
alternative construction, the substrate 3 may be disposed 
betWeen the quarter-Wave layer 2 and the cholesteric liquid 
crystal layer 4. The arrangement of FIG. 2 has a certain 
advantage in that the substrate 3 can play the role of a light 
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8 
diffusion layer, prism layer, and/or lens layer, as Will be 
described beloW. On the other hand, if the substrate is placed 
betWeen the quarter-Wave layer 2 and the cholesteric liquid 
crystal layer 4, the substrate 3 preferably has little or no 
optical anisotropy to ensure that light originating from the 
optical rotation selection layer 4 is conducted toWards 
quarter-Wave layer 3 Without any undesirable optical modi? 
cations. 

These multi-layer structures are useful When the optical 
rotation selection layer is too thin to be handled With ease or 
When there is di?iculty in laminating the optical rotation 
selection layer together With the quarter-Wave layer. In 
addition, With the multi-layer of the cholesteric liquid crystal 
layer and the substrate of FIG. 2, the surface of the substrate 
3 can be adapted to perform molecular orientation control, 
i.e., alignment of the orientation of the cholesteric liquid 
crystal molecules. Typically, the helical axis is aligned nor 
mal to the emitting surface of the polarization light splitting 
?lm. 

In the case of the single layered structure of FIG. 1, the 
molecular orientation control can be performed by forming 
the cholesteric liquid crystal layer on a separate substrate 
that Will not become a constituent element of the polariza 
tion light splitting ?lm. The molecular orientation is con 
trolled on the separate substrate, and then the resultant cho 
lesteric liquid crystal layer is peeled off from the substrate. 
Typically, the above-mentioned orientation control is per 
formed by applying cholesteric liquid crystal material on the 
rubbed surface of a resin ?lm formed on a substrate (either 
as part of the light splitting ?lm or separate). 
A resin ?lm can be used as the substrate 3. The desirable 

properties of such a resin ?lm include superior transparency, 
dimensional stability, and coating ability. In particular, ?lms 
made from polyethyleneterephtalate, 
polyethylenenaphtalate, polycarbonate, polyethersulfone, 
and/or acrylic resin are preferable. 
The quarter-Wave layer 2 may be formed using various 

methods: laminating multiple layers having different refrac 
tive indices, providing a speci?c orientation in liquid crystal, 
or orienting molecules by stretching in a predetermined 
direction a resin ?lm made of, for example, polyesters such 
as polyethyleneterephtalate, polyethersulfone, 
polycarbonate, polysulfone, polyetheretherketone, or poly 
etherketone. Typically, the thickness of the quarter-Wave 
layer 2 is set to approximately 8 to 100 pm. 
As shoWn in FIGS. 3, 4, 6, and 8, the polarization light 

splitting ?lm of the present invention may include additional 
functional layers laminated on the light receiving surface or 
light emitting surface. 

Polarization light splitting ?lm 10 shoWn in FIG. 3 
includes a diffusion layer 5 laminated on the light receiving 
side. When the polarization light splitting ?lm 10 is used in a 
backlight system for an LCD device, the diffusion layer 5 
serves to blur the image of the light source and thus improve 
the visibility of the display device. In addition, With the dif 
fusion layer 5, re?ected light can be re-used in the polariza 
tion light splitting ?lm itself. In other Words, as described 
above, When unpolarized light is incident on the optical rota 
tion selection layer, one of the right and left circularly polar 
ized components is re?ected and the other component is 
transmitted through the optical rotation selection layer. The 
re?ected circularly polarized Wave is scattered in the diffu 
sion layer and changed into unpolarized light, and the unpo 
larized light returns to the optical rotation selection layer. By 
repeating these steps, a highly polarized beam can ef?ciently 
be obtained. 
The diffusion layer 5 may be formed by dispersing diffu 

sive agents in a light transmitting resin, utilizing the optical 
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scattering effect due to the difference in refractive index 
between the diffusion agent and the light transmitting resin, 
or by forming an uneven surface on a light transmitting 
resin. Examples of the diffusion agent are beads, ?llers and 
hollow beads with the main component being an acrylic 
resin, polystyrene, polyethylene, ureaformaldehyde resin, 
urethane resin, organic silicon resin, calcium carbonate, tita 
nium oxide, or silica. It is desirable that the average particle 
diameter of the diffusion agent be 1 to 50 pm to facilitate 
handling. Also, two or more types of agent, with different 
particle diameters, may be used. Examples of the light trans 
mitting resin are a polyester system resin, acrylic system 
resin, polystyrene system resin, polyvinylchloride system 
resin, polyvinylidenechloride system resin, polyethylene 
system resin, polypropylene system resin, polyurethane sys 
tem resin, polyamide system resin, polyvinylactate system 
resin, polyvinylalcohol system resin, epoxy system resin, 
cellulose system resin, silicon system resin, polymimide 
system resin, polysulfone system resin, and polyarylate sys 
tem resin. 

Polarization light splitting ?lm 10 in FIG. 4 has a prism 
layer 6 laminated on the light receiving side. The prism layer 
6 is made of a plurality of prism units. In order for the prism 
layer 6 to de?ect the incident light and change the traveling 
direction, each of the prism units desirably is a triangular 
column with a triangular cross-section like prism layer 6 
shown in FIG. 5A or a pyramid-shape prism layer 6 as 
shown in FIG. 5B. The pryamid is a quadrangular pyramid. 

Polarization light splitting ?lm 10 shown in FIG. 6 has a 
lens layer 7 laminated on the light receiving side. The lens 
layer 7 is made of a plurality of lens units. In order for the 
lens layer to de?ect the incident light and converge or diffuse 
the light, each of the lens units desirably is a semi-circular 
column shape lens layer 7 as shown in FIG. 7A, an inverse 
semicircular column shape lens layer 7 as shown in FIG. 7B, 
or a dome-shape lens layer 7 as shown in FIG. 7C. 

The above-mentioned prism layer and lens layer can be 
formed by various methods: a thermal press method in 
which the uneven shape is molded on the specimen’s surface 
by pressing a high-temperature molding form on a resin ?lm 
in a thermoplastic state; a simultaneous extrusion 
embossing method in which, when a resin is formed into a 
?lm shape by melting-extrusion at a high temperature, an 
uneven shape is concurrently formed on the surface by an 
embossing roll; or a 2P (Photo Polymer) method in which an 
ioniZing radiation-setting resin is molded on a resin ?lm by a 
mold form and then cured. The resultant ?lm with the 
uneven surface is adhered to the optical rotation selection 
layer with an adhesive or is used as the substrate. 

The resin ?lm that can be used in the above-mentioned 
thermal press method and simultaneous extrusion 
embossing method includes, for example, acrylic resins, 
polycarbonate resins, polyester resins such as 
polyethyleneterephtalate, polystyrene resin, and vinylchlo 
ride resin. 

Examples of the ioniZing radiation-setting resin that can 
be used in the above-mentioned 2P method include, for 
example, known ultraviolet-setting resins and electron beam 
setting resins, represented by compounds made from a pre 
polymer and/or a monomer that has in its molecules a func 
tional polymeriZation group, such as a (meta)-acryloyl group 
(here and in the following description, “(meta)” is used to 
represent both with and without “meta”, i.e., acryloyl group 
and meta-acryloyl group), a (meta)acryloyloxy group, epoxy 
group, or a mercapto group. 

For example, the main component of such a compound is 
a prepolymer, such as urethane(meta)acrylate, epoxy(meta) 
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10 
acryalte, or silicon(meta)acrylate, or a multifunctional 
monomer, such as trimethylolpropanetri(meta)acrylate, or 
dipentaerythritolhexa(meta)acrylate. 

In order for the prism layer or lens layer to have a high 
refractive index, it is preferable to use a high bridged type 
compound having the above-mentioned multifunctional 
monomer as the principle component. Typically, a non 
solvent type ioniZing radiation setting resin is used. 
However, depending on requirements, it is acceptable to use 
the one that is diluted in a solvent. 

Examples of the above-mentioned resin ?lm that can be 
used together with the ioniZing radiation setting resin 
include a polyester resin such as polyethyleneterephtalate, 
an acrylic resin such as polymethyl(meta)acrylate, and ?lms 
made of polycarbonate, polyarylate, polyimide, 
polypropylene, or ?uororesin. 

To cure the ioniZing radiation setting resin with ultraviolet 
radiation, a photopolymeriZation initiator, such as an 
acetophenone class or benZophenone class, and/or a photo 
sensitiZation agent, such as n-butylamine, triethylamine or 
tri-n-butylphosphine, are appropriately added in the resin. 

Curing of the ioniZing radiation setting resin is normally 
conducted by irradiating the resin with an electron beam or 
ultraviolet radiation. When the electron beam is used for the 
curing, the electron beam needs to have an energy level rang 
ing from 50 to 1000 ke V, or more preferably from 100 to 
300 ke V. Such an electron beam can be obtained from an 
electron beam accelerator, such as Cockroft-Walton’s type, 
Van De Graaf type, resonance transformation type, insulated 
core transformation type, linear type, dynamitron type, or 
high-frequency type. For ultraviolet-setting, ultraviolet rays 
from a light source, such as a very high-pressure mercury 
arc lamp, a high-pressure mercury-arc lamp, a low-pressure 
mercury-arc lamp, a carbon arc, a xenon arc, or a metal 
halide lamp, can be used. 

Referring to FIG. 8A, it is possible to laminate an anti 
re?ection layer 11 on the optical rotation selection layer, 
diffusion layer, prism layer, or the lens layer at the respective 
light receiving side. With the anti-re?ection layer, the loss of 
light due to re?ection on the incident surface can be reduced. 
A standard anti-re?ection layer may be used for this pur 

pose. Altematively, a multi-layer ?lm formed by altema 
tively laminating low refractive index layers and high refrac 
tive index layers with the low refractive index layer on the 
front side may be used as the anti-re?ection layer. Such low 
refractive index layers may be formed by vacuum 
deposition, sputtering, or plasma chemical vapor deposition 
(CVD) of a low refractive index material, or by coating a 
coating solution having a powder-state low refractive index 
material in a resin binder. The high refractive index layers 
may be formed by vacuum deposition, sputtering, or plasma 
CVD of a high refractive index material, or by coating a 
coating solution having a powder-state high refractive index 
material in a resin binder. In view of the anti-re?ection 
effect, it is desirable that the thickness of the low refractive 
index layer be about 0.1 pm and that the thickness of the 
high refractive index layer also be about 0.1 pm. 

If the surface on which the anti-re?ection layer is formed 
is an uneven surface, such as a prism surface or lens surface, 
the anti-re?ection layer may be formed by a coating method, 
such as dipping method or spraying method, or by a thin 
?lm forming method, such as vacuum vapor deposition, 
sputtering, or plasma CVD. 
For the low refractive index material, inorganic 

compounds, such as LiF, MgF2, 3NaF.AlF3, AlF3, Na3.AlF6 
or SiOx (1502x2200) (refractive index of 1.35 to 1.48), 
may be used. When included in the resin binder, ultra-micro 
particles with a diameter of 5 nm to 50 nm may be used. 
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In addition, a loW refractive index organic compound, 
such as a loW refractive index thermoplastic resin (polymer), 
may be added to the resin binder in addition to the above 
mentioned ultra-micro particles to adjust the refractive index 
of the loW refractive index layer. Examples of such a loW 
refractive index thermoplastic resin are ?uororesins obtained 
by homopolymerization of ?uorine inclusive monomers, 
such as CF2:CF2, CH2:CH2, and CF2:CHF, or by 
copolymerization, block polymerization or graft polymer 
ization of tWo or more kinds of monomers. For example, 
PTFE (poly4ethylene ?uoride), PVDF (polyvinylidene 
?uoride), and PVF (polyvinyl ?uoride) are desirable because 
their refractive index is loW: 1.45 or less. As the loW refrac 
tive index material described above, it is also possible to 
make the resin binder itself have a loW refractive index by 
including ?uoride in the molecules of the compound that 
constitutes the resin binder. 

For the high refractive index material, inorganic 
compounds, such as ZnO, TiO2, CeO2, Sb2O5, SnO2, ITO 
(Indium Tin Oxide), Y2O3, La2O3Z 2,02, or Al2O3, can be 
used. When the material is to be included in a resin binder, 
the corresponding ultra-micro particles are used. 

In addition, When a resin binder is used for the high refrac 
tive index layer, the resin binder itself can have a high refrac 
tive index by including the halogen group (except ?uoride), 
sulfur, nitrogen, or phosphorus in the molecules of the com 
pound that constitutes the resin binder. 
An ionizing radiation setting resin can be used as a resin 

binder for the formation of the loW refractive index layer and 
the high refractive index layer. Known ionizing radiation 
setting resins includes ultraviolet setting resins or electron 
beam setting resins, represented by, for example, com 
pounds made from prepolymers and/ or monomers that have 
a polymerization function group, such as a (meta)acryloyl 
group, (meta)acryloyloxy group, epoxy group, or mercapto 
group, in the constituent molecules. Examples of com 
pounds that can be used are made by adding an appropriate 
reactive dilution to a prepolymer, such a urethane(meta) 
acrylate, epoxy(meta)acrylate, or silicon(meta)acrylate. The 
reactive dilution may be a monofunctional monomer, such as 
ethyl(meta)acrylate, ethylhexyl(meat)acrylate, styrene, 
methystyrene, or N-vinylpyrrolidene, or a multifunctional 
monomer, such as trimethylolpropanetri(meta)acrylate, 
hexanediol(meta)acrylate, tripropyleneglycoldi(meta) 
acrylate, diethyleneglycoldi(meta)acrylate, 
pentaerythritoltri(meta)acrylate, dipentaerythritolhexa 
(meta)acrylate, l,6-hexanedioldi(meta)acrylate, and 
neopentylglycoldi(meta)acrylate. 

For producing a loW refractive index, it is desirable to 
have less multifunctional monomers, Which are desirable to 
use if the ?lm lacks a suf?cient elasticity. When a ?uoride 
inclusive monomer, such as tri?uoroethylacrylate (refractive 
index of 1.32), is used, the resin binder itself can have a loW 
re?ective index. Tri?uoroethylacrylate is a monofunctional 
monomer, and When its homopolymer has a Weak ?lm 
strength, a multifunctional monomer, such as 
dipentaerythritolhexaacrylate, may be added. HoWever, 
When the multifunctional monomer is added, the refractive 
index increases. Therefore, the concentration of such a mul 
tinational monomer is desirably Within the range of l to 50 
parts by Weight for every 100 parts by Weight of the mono 
functional monomer, or more preferably, Within the range of 
5 to 20 parts by Weight. 
The above-mentioned ionizing radiation setting resin may 

be used Without a solvent or diluted in a solvent, depending 
on the need. 
An example of the ionizing radiation setting resin is a 

mixture of polyester acrylate and polyurethane acrylate. The 
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12 
resultant ?lm has a strength, ?exibility, and impact durabil 
ity. The mixing ratio preferably is 30 or less parts by Weight 
of polyurethaneacrylate for every 100 parts by Weight of 
polyesteracrylate to produce su?icient hardness. 

In addition, When a setting resin is cured With ultraviolet 
rays, in a fashion similar to the ionizing radiation setting 
resin used in the lens layer and prism layer described above, 
a photopolymerization initiator and photosensitization agent 
can be appropriately added to the resin. The curing process 
can be conducted by irradiating the resin With electron 
beams or ultraviolet rays in a similar manner. 

FIG. 8B shoWs a polarization light splitting ?lm 10 
according to another preferred embodiment of the present 
invention, in Which polarizing layer 8 is laminated on the 
emitting side of the polarization light splitting ?lm. In FIG. 
8B, polarizing layer 8 is laminated on quarter-Wave layer 2. 
The light emitted from the quarter-Wave layer is converted 
from a circularly polarized beam to a linearly polarized 
beam by the quarter-Wave layer 2. By incorporating polariz 
ing layer 8, even greater linearity in the polarization can be 
obtained; i.e., a linearly polarized beam having strong linear 
polarization. A polarizing ?lm may be used as the polariza 
tion layer 8. 
Known resin based ?lms can be used as such a polarizing 

?lm. For example, it is possible to form the ?lm using a 
method in Which iodine and/or a dichroistic dye is adsorbed 
and oriented on a hydrophilic ?lm, such as a polyvinylalco 
hol system ?lm or a partially formal polyvinylalohol ?lm, an 
ethylene-vinylacetate copolymer system saponi?cated ?lm, 
and a cellulose system ?lm, or using a method of forming 
polyene by performing a dehydration process on a polyviny 
lalcohol system ?lm. 
By adding the polarizing layer 8 to the polarization light 

splitting ?lm, as described above, a polarizer plate on the 
light incident side of a liquid crystal cell, Which is normally 
required to produce a linearly polarized light beam, can be 
omitted. In this case, it is of course necessary to match the 
polarization axis of polarizing layer 8 With the polarization 
axis of the linearly polarized light emitted from the quarter 
Wave layer 2. 

If a polarization light splitting ?lm does not include a 
polarizing layer, as in the previous embodiments, the polar 
ization axis of the quarter-Wave layer (the polarization axis 
of linearly polarized light emitted from that layer) should be 
matched With the polarization axis of a liquid crystal cell that 
is to be coupled to the polarization light splitting ?lm. 
The above-mentioned layers may be laminated on a base 

member having a su?icient strength such as substrate 3 in 
FIG. 2. Also, it is possible to adhere the layers together using 
a cement layer or an adhesive layer in betWeen. 

For the cement used for the cement layer, it is desirable to 
use urethane system cements, for example, reactive-setting 
type urethane system cements, such as humidity-setting 
types (l-liquid type) or thermosetting types (2-liquid type). 
The humidity-setting types are used in combination With an 
oligomer and/or a prepolymer of a polyisocyanate com 
pound. The thermosetting-types are used in combination 
With an oligomer and/or a prepolymer of a polyol compound 
and With a monomer, oligomer, and/ or prepolymer of a poly 
isocynate compound. For these reactive-setting-type ure 
thane system cements, When the aging process is conducted 
after the lamination, it is desirable to conduct it in the tem 
perature range from a room temperature to 80 degrees centi 
grade. For the adhesive used for the adhesive layer, knoWn 
adhesive compounds of acrylic resin-type can be used. 
On the polarization light splitting ?lm With the laminated 

structure, a hard coat layer, an adhesive layer, or a cement 
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layer can be formed depending on their needs. Here, the hard 
coat layer represents a layer having a hardness of H or higher 
in the pencil hardness test based on JIS (Japanese Industrial 
Standards) K5400. The hard coat layer can be formed from 
either inorganic materials or organic materials. An example 
of an inorganic material that can be used is a complex oxide 
?lm formed by a sol-gel method. Organic materials that can 
be used include a transparent resin ?lm of a thermoplastic 
resin, and more preferably, a reactive-setting resin, such as a 
thermosetting resin or ionizing radiation setting resin. The 
ionizing radiation setting resin is more preferable. For the 
thermosetting resin, a phenol resin, urea resin, diallylphta 
late resin, melamine resin, guanamine resin, unsaturated 
polyester resin, polyurethane resin, epoxy resin, aminoalkyd 
resin, melamine-urea copolycondensated resin, silicon resin, 
or polysiloxane resin can be used. Depending on the require 
ments of these resins, the hard coat layer is coated With a 
coating solution that includes a bridging agent or polymer 
ization initiator as a setting agent, a polymerization 
accelerator, a solvent, and a viscosity adjustment agent. 

For the ionizing radiation setting resin, the resins used for 
the prism layer, lens layer, loW refractive index layer, and 
high refractive index layer described above can be used. To 
add ?exibility to the hard coat layer of the ionizing radiation 
setting resin, it is acceptable to include 1 to 100 parts by 
Weight of the thermoplastic resin for every 100 parts by 
Weight of the ionizing radiation setting resin. For the ther 
moplastic resin, if the ionizing radiation setting resin com 
position is made of polyester acrylate and polyurethane 
acrylate, polymethylmethacryl acrylate and polybutyl 
methacryl acrylate are desirable in terms of their 
transparency, loW haze value, high light transmitability, and 
compatibility. When the resin is cured With ultraviolet 
radiation, a photopolymerization initiator and a photosensi 
tization agent are appropriately added in the resin in a simi 
lar manner to the ionizing radiation setting resin used in the 
lens layer and prism layer. Similarly, the curing is conducted 
by irradiation With electron beams or ultraviolet rays. In 
addition, it is preferable that the thickness of the hard coat 
layer be about 0.5 pm, or more preferably, about 3 pm or 
more to maintain necessary hardness. 
As the adhesive layer and the cement layer, knoWn 

materials, such as adhesives With an acrylic resin and cement 
layers With a urethane system adhesive, can be used, for 
example. 

Next, backlight and liquid crystal devices according to 
other preferred embodiments of the present invention Will be 
described With reference to FIGS. 9 and 10. FIG. 9 shoWs a 
cross-sectional vieW of the backlight and the liquid crystal 
device using the polarization light splitting ?lm according to 
another preferred embodiment of the present invention. FIG. 
10 shoWs a cross-sectional vieW of a backlight and liquid 
crystal device according to still another preferred embodi 
ment of the present invention. 

In FIG. 9, backlight system 20 includes light source 21, 
light guide 22, light diffusion elements 23, re?ection sheet 
24, and polarization light splitting ?lm 10. The liquid crystal 
device includes the backlight system 20, light crystal cell 30, 
and polarizing plate 31 a?ixed to the front side of the liquid 
crystal cell 30. 

In the backlight and liquid crystal device of FIG. 10, the 
polarization light splitting ?lm 10 is af?xed to liquid crystal 
cell 30 by an adhesive or cement. In FIG. 10, backlight sys 
tem 20 includes light source 21, light guide 22, light diffu 
sion elements 23, re?ection sheet 24, and polarization light 
splitting ?lm 10 in contact With liquid crystal cell 30. The 
liquid crystal device includes the backlight system 20, liquid 
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crystal cell 30, and polarizing plate 31 af?xed to the front 
surface of the liquid crystal cell 30. 

In FIGS. 9 and 10, an additional polarizing plate may be 
formed on the bottom surface (light incident surface) of the 
liquid crystal cell 30. Also, if desired, a diffusion sheet or 
prism sheet may be inserted betWeen light guide 22 and 
polarization light splitting ?lm 10. Here, as the light source 
21, a linear light source, for example, a cold cathode tube, 
may be used. 
The material of light guide 22 needs to have the ability to 

transmit light ef?ciently but is not limited to a speci?c class 
of material. Examples are an acrylic resin, such as PMMA 
(polymethylmeta acrylate), a polycarbonate resin, and glass. 
The light guide 22 preferably has a plate-shape or a Wedge 
shape With the thickness decreasing in a direction aWay from 
the light source. Light emitted from the light source 21 trav 
els in the light guide 22 by repeating total internal re?ec 
tions. The light is also diffused (scattered) by the light diffu 
sion elements 23, and is emitted from the emitting face of the 
light guide 22. 

To form the light diffusion elements 23 in the light guide, 
the folloWing methods can be used: (1) forming light diffu 
sion elements by dispensing such an agent as silica in a resin 
in a dot pattern on the light emitting face or on the other 
(bottom) face of the light guide 23 by a printing or like 
method (FIGS. 9 and 10 shoWs the case of having the diffu 
sion elements on the bottom face of light guide 22); (2) 
roughening the emitting face of the light guide 23; (3) rough 
ening the bottom face of light guide 23; or (4) introducing a 
light diffusion (scattering) agent, such as a resin, having a 
different refractive index from the light guide into the light 
conducting material of the light guide. 

For re?ective sheet 24, a White plastic sheet or a plastic 
sheet having aluminum vapor-deposited thereon, can be 
used. 

In the structure shoWn in FIGS. 9 and 10, a diffusion ?lm, 
prism sheet and/or polarizing plate can be placed betWeen 
the light guide and the polarization light splitting ?lm in a 
similar manner to conventional backlight systems Which do 
not have a polarization light splitting ?lm. Such a diffusion 
?lm is desirable When a polarization light splitting ?lm does 
not include a diffusion layer on the incident surface side. 
Also, a prism sheet or polarizing plate is desirable When the 
polarization light splitting ?lm does not include the corre 
sponding layer (prism layer or polarizing layer). 
As for the arrangement of the diffusion ?lm and prism 

sheet, instead of placing the diffusion ?lm and prism sheet in 
that order from the emitting surface side of the light guide, 
the order of the arrangement may be the prism sheet and then 
the diffusion ?lm. Multiple layers of diffusion ?lm and 
prism sheets may also be used. The arrangement of the dif 
fusion ?lms and the prism sheets is not limited by use of the 
polarization light splitting ?lm of the present invention. 

The diffusion ?lm may be formed by molding a polymer 
?lm using the embossing method or the like for forming a 
rough surface or by distributing beads or ?llers of an organic 
or inorganic material in the resin. 
The prism sheets function properly, as long as the material 

has ef?cient light transmissibility. Examples of such a mate 
rial include polycarbonate (PC), polyester resins such as 
polyethylene terephtalate (PET), acrylic resins such as poly 
methyl metacrylate (PMMA), and glass. In particular, prism 
sheets created by forming a prism-shape layer on a base ?lm 
made of PET or PC using an ultraviolet-setting resin are 
preferable since micro prism-shape structure can be accu 
rately formed and this forming method is suitable for mass 
production. In this case, the refractive index of the prism 
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shape layer made of the ultraviolet-setting resin is preferably 
about 1.4 or larger, or more preferably, about 1.5 or larger. 
To form the prism shape layer With the ultraviolet-setting 
resin on the base ?lm, it is desirable to utilize a method 
disclosed in Laid-Open Japanese Patent Application No. 
05-169015. In this method, the ultraviolet-setting resin is 
coated on an intaglio roll that has recessed patterns corre 
sponding to the prism shape to be manufactured, and a base 
?lm is pressed on the intaglio roll having the resin solution 
on the printing surface. Then, the intaglio roll is irradiated 
With ultraviolet radiation to cure the resin. Thereafter, the 
cured ultraviolet-setting resin is peeled off from the intaglio 
roll together With the base ?lm. By this method, the prism 
sheet can be continuously manufactured. 
As descried With reference to FIGS. 9 and 10, the liquid 

crystal device of the present invention is a display device 
equipped With the polarization light splitting ?lm in Which 
the above-mentioned structure is used as a backlight system 
for illuminating the liquid crystal cell. 

Working examples of the present invention Will noW be 
described With reference to the draWings. 

FIRST WORKING EXAMPLE 

As the optical rotation selection layer, a cholesteric liquid 
crystal polymer ?lm (having the helical axis of the liquid 
crystal along a direction of the thickness and shoWing supe 
rior circular dichroism With respect to visible light) With a 
thickness of 15 um Was formed by photopolymerization With 
ultraviolet irradiation. A phase-differentiation ?lm made by 
Sumitomo Chemical Co., Ltd. product name “SUMILITE” 
With a thickness of 60 um, Was used as the quarter-Wave 
layer. The resultant optical rotation selection layer and 
quarter-Wave layer Were adhered to each other With an adhe 
sive compound to form the polarization light splitting ?lm. 
See FIG. 1 for the structure. 

SECOND WORKING EXAMPLE 

A cholesteric liquid crystal polymer ?lm With a thickness 
of 2 pm Was formed on a glass base by photopolymerization 
With ultraviolet irradiation. By grinding the cholesteric liq 
uid crystal polymer ?lm, a ?ller of the cholesteric liquid 
crystal polymer, each molecule having a ?sh-scale-like 
shape With about 20 pm in average diameter, Was obtained. 
The ?ller Was dispersed into a solvent solution of acrylic 
resin to yield a coating solution. The coating solution Was 
coated on a polyethyleneterephtalate ?lm base of a thickness 
of 50 um to form a cholesteric liquid crystal layer of thick 
ness 20 pm (in dry) thereon. An optical rotation selection 
layer of this Working example corresponds to the ?lm base 
and the cholesteric liquid crystal layer. The quarter-Wave 
?lm of the ?rst Working example above Was adhered on the 
cholesteric liquid crystal layer in a manner similar to that of 
the ?rst Working example to complete the polarization light 
splitting ?lm of the present Working example. See FIG. 2 for 
the structure. 

THIRD WORKING EXAMPLE 

In a third Working example of the polarization light split 
ting ?lm, a diffusion layer With an average thickness of 20 
pm (in dry) Was additionally formed on the polyethylene 
terephtalate ?lm side (light receiving side) surface of the 
optical rotation selection layer of the second Working 
example above. The diffusion layer Was formed by coating a 
diffusion coat on the surface using a rolling coater. The dif 
fusion coat Was prepared mixing acrylic resin beads With the 
average particle diameter of 10 pm as a diffusion agent With 
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a polyester resin, an isocyanate setting agent, and a solvent. 
See FIG. 3 for the structure. 

FOURTH WORKING EXAMPLE 

A polarization light splitting ?lm according to a fourth 
Working example of the present invention has an anti 
re?ection layer attached to the light receiving surface 
(polyethyleneterephtalate ?lm surface) of the polarization 
light splitting ?lm of the second Working example above. 
The anti-re?ection layer Was manufactured by forming a 
hard coat layer With a thickness of 5 pm having a high refrac 
tive index on the polyethyleneterephtalate ?lm surface of the 
second Working example and then forming a loW refractive 
index layer With a thickness of 0.1 pm on the hard coat layer. 
To form the hard coat layer, a solution of acrylate having a 
carboxyl group With ultra-micro particles of ZrO2 Was 
coated on the polyethyleneterephtalate ?lm surface and is 
cured With electron beam irradiation. The loW refractive 
index layer Was formed by depositing SiO2 (refractive index: 
about 1.46) on the hard coat layer by vapor deposition. 

FIFTH TO NINTH WORKING EXAMPLES 

Various ?lm bases having uneven surface pro?les Were 
manufactured to serve as a prism layer or lens layer for 
supporting the optical rotation selection layer, as folloWs. 

First, an uneven surface pro?le Was formed on a copper 
plated surface of a cylindrical block With a plurality of unit 
elements arranged at a 50 um pitch and by plating the result 
ant surface With chrome. The resultant cylindrical block 
serves as an intaglio roll for forming a ?lm base. Each of the 
unit elements on the intaglio roll has a predetermined surface 
pro?le that is in a reciprocal relationship With the surface 
pro?le of each of the unit elements disposed on the ?lm base 
to be manufactured. Various intaglio rolls Were manufac 
tured to form various prism layers and lens layers. Cutting 
processes With a diamond bit Were used for forming the 
surface pro?les of an isosceles triangle With an apex angle of 
about 90 degrees (corresponding to a ?fth Working example: 
see FIG. 5A), a semi-circular column shape (corresponding 
to a sixth Working example: see FIG. 7A), and an inverse 
semi-circular column shape (corresponding to a seventh 
Working example: see FIG. 7B), before plating chrome on 
the respective cylindrical blocks. A machine engraving pro 
cessor is used for forming the quadrangular pyramid shape 
(corresponding to an eighth Working example: see FIG. 5B) 
and a dome shape (corresponding to a ninth Working 
example: see FIG. 7C) before plating chrome on the respec 
tive cylindrical blocks. 

Using the thus manufactured rolling intaglios as emboss 
ing plates, the respective ?lm bases each serving as a prism 
layer or a lens layer Were created by embossing a polycar 
bonate ?lm having a thickness of 100 um by thermal press 
ing. Using each of the ?lm bases as the substrate 3 for sup 
porting the optical rotation selection layer of the second 
Working example (With the cholesteric liquid crystal layer 
formed on the surface of the ?lm base opposite to the uneven 
surface), the corresponding Working examples (?fth to 
ninth) Were completed. 

TENTH TO FOURTEENTH WORKING 
EXAMPLES 

In these Working examples, ?lm bases having uneven sur 
face pro?les corresponding to the ?fth to ninth Working 
examples above Were manufactured by a different method. 
The tenth to fourteen Working examples respectively corre 
spond to the ?fth to ninth Working examples. 
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In these Working examples, instead of using embossment, 
an ultraviolet setting resin Was used to form the uneven sur 
face pro?les of the ?lm bases corresponding to the ?fth to 
ninth Working examples. A urethane resin system primer 
Was applied on a polyethyleneterephtalate ?lm With a thick 
ness of 100 um and Was thermally cured to form a primer 
layer With a thickness of 1 pm on the polyethyleneterephta 
late ?lm. 

An ultraviolet setting resin solution With an epoxy acry 
late system as the primary component Was coated on the 
corresponding rotating intaglio roll. Then, the composite 
?lm obtained above Was pressed onto the intaglio roll With 
the ultraviolet setting solution and irradiated With ultraviolet 
radiation to cure the resin solution. The solidi?ed ultraviolet 
setting resin is peeled off along With the ?lm from the rotat 
ing intaglio roll. A ?lm base that serves as a prism layer or 
lens layer made of cured ultraviolet setting resin on the 
primer layer is thereby created. This ?lm base is used as the 
base for the optical rotation selection layer in the second 
Working example. By forming a cholesteric liquid crystal 
layer on the surface of the resultant ?lm base opposite to its 
uneven surface, the polarization light splitting ?lm Was com 
pleted. 

FIFTEENTH WORKING EXAMPLE 

A polarizing ?lm With a thickness of 120 um (made by 
Sumitomo Chemical Co., Ltd., product name, 
“SUMILITE”) Was adhered on the quarter-Wave layer of the 
second Working example above (i.e., on the light emitting 
side). See FIG. 8B for the structure. 
Evaluations 

The transmissivity of polarized light, haze, and the lumi 
nance of the backlight Were measured using the folloWing 
methods. The results are listed in Tables 1 and 2. 

(l) The polarized light transmission factor: the degree of 
the polarization linearity in the linearly polarized beam 
obtained by each of the polarization light splitting ?lms 
of the above Working examples ?rst to ?fteen are evalu 
ated in terms of the polarized light transmission factor. 
FIG. 14 shoWs the device arrangement used for the 
measurement. An unpolarized light beam from a light 
source 51 is transformed into a parallel beam through a 
lens 52. The parallel beam is incident normally on a 
polarization light splitting ?lm 53 With the optical rota 
tion selection layer side facing toWards the light source 
51 and With the quarter-Wave layer side facing in the 
opposite direction. To measure the linearly polarized 
component of the transmitted light, a Glen-Thomson 
prism 54 is rotated around the optical axis of the paral 
lel beam. Transmitted light is guided toWards a photo 
detector 56 through a lens 55 and the intensity of the 
transmitted light is measured in tWo conditions: When 
the polarization axes of the prism 54 and quarter-Wave 
layer in the polarization light splitting ?lm 53 are per 
pendicular to each other and When they are parallel to 
each other. The corresponding orthogonal transmission 
factor Ti (%) and the parallel transmission factor T|| 
(%) Were obtained for each of the above Working 
examples. 

(2) Haze: With a direct-reading haze meter made by Toyo 
Seki Co., Ltd., haze is measured by placing the optical 
rotation selection layer side of the polarization light 
splitting ?lm as the light receiving side and the quarter 
Wave layer side as the light emitting side. 

(3) Luminance: The luminance Was measured for the liq 
uid crystal devices With the structure shoWn in FIG. 10. 
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18 
A liquid crystal device With the polarization light split 
ting ?lm 10 of the ?fteenth Working example arranged 
at the light receiving side of liquid crystal cell 30 Was 
compared With a liquid crystal device With a conven 
tional polarization plate. The luminance Was measured 
in a direction normal to the display surface of the liquid 
crystal device using a luminance meter BM-7 by Top 
con Corp. 

TABLE 1 

Measurement results for the 
polarized light transmission factor and haze 

Working Example Ti (%) TH (%) Haze (%) 

l 10 75 5 
2 I0 80 3 
3 5 65 30 
4 5 82 I0 
5 5 80 I0 
6 5 80 I0 
7 5 80 I0 
8 5 80 I0 
9 5 80 l0 

l0 5 83 5 
ll 5 83 5 
l2 5 83 5 
l3 5 83 5 
l4 5 83 5 
15 0.5 35 3 

TABLE 2 

Measurement results for luminance 

Luminance in 
the normal 

(cd/cm2) 
Polarization light splitting ?lm (Working Example 15) 85 
Standard polarizing plate 70 

As shoWn in Tables 1 and 2, each embodiment had satis 
factory results for the polarization linearity and the haze 
value. The luminance Was improved by approximately 20% 
(=(85—70)/70><100). 
As described above, according to the present invention, 

the light usage ef?ciency of the backlight system can be 
improved With a relatively simple structure. In addition, due 
to its relatively simple structure, the polarization light split 
ting ?lm of the present invention has superior mass produc 
tion capability. Also, it has a planar shape and is suited for 
designing thin backlight systems and thin liquid crystal dis 
play devices. 

In addition, by equipping the polarization light splitting 
?lm according to the present invention With functional 
layers, such as a diffusion layer, prism layer, lens layer, and 
polarizing layer, it becomes possible to assemble a backlight 
system having a simple structure. 

Furthermore, the backlight and liquid crystal device using 
the polarization light splitting ?lm of the present invention 
can easily be made thin. Additionally, When a polarization 
light splitting ?lm includes the functional layers, the system 
construction is simpli?ed and complicated assembly pro 
cesses are not necessary. 

It Will be apparent to those skilled in the art that various 
modi?cations and variations can be made in the polarization 
light splitting ?lm of the present invention Without departing 
from the spirit or scope of the invention. Thus, it is intended 
that the present invention cover the modi?cations and varia 
tions of this invention provided they come Within the scope 
of the appended claims and their equivalents. 
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What is claimed is: 
[1. A polarization light splitting ?lm having a light receiv 

ing side and a light transmitting side, the polarization light 
splitting ?lm comprising: 

an optical rotation selection layer at the light receiving 
side for re?ecting one of right and left circularly polar 
ized components of a light beam that is incident on the 
light receiving side and for transmitting the other one of 
the right and left circularly polarized components of the 
light beam; 

a quarter-Wave layer laminated over the optical rotation 
selection layer at the light transmitting side and for 
emitting linearly polarized light; 

a linear polarizing layer laminated over the quarter-Wave 
layer at the light transmitting side and having a polariz 
ing axis Which substantially matches a polarization axis 
of the linearly polarized light emitted from the quarter 
Wave layer; and 

a diffusion layer disposed under the optical rotation selec 
tion layer at the light receiving side, the diffusion layer 
including a diffusion agent having an average particle 
diameter of l to 50 pm] 

[2. The polarization light splitting ?lm according to claim 
1, further comprising a prism layer at the light receiving side 
for de?ecting the incident light beam.] 

[3. The polarization light splitting ?lm according to claim 
1, further comprising a lens layer at the light receiving side 
for one of converging and diverging the incident light beam.] 

[4. The polarization light splitting ?lm according to claim 
1, Wherein the optical rotation selection layer includes a base 
member and a cholesteric liquid crystal layer laminated on 
the base member] 

[5. The polarization light splitting ?lm according to claim 
4, further comprising a diffusion layer laminated under the 
optical rotation selection layer at the light receiving side.] 

[6. The polarization light splitting ?lm according to claim 
5, further comprising a prism layer at the light receiving side 
for de?ecting the incident light beam.] 

[7. The polarization light splitting ?lm according to claim 
5, further comprising a lens layer at the light receiving side 
for one of converging and diverging the incident light beam.] 

20 
[8. The polarization light splitting ?lm according to claim 

4, further comprising a prism layer at the light receiving side 
for de?ecting the incident light beam.] 

[9. The polarization light splitting ?lm according to claim 
5 4, further comprising a lens layer at the light receiving side 

for one of converging and diverging the incident light beam.] 
[10. The polarization light splitting ?lm according to 

claim 1, further comprising a prism layer at the light receiv 
ing side for de?ecting the incident light beam.] 

[11. The polarization light splitting ?lm according to 
claim 1, further comprising a lens layer at the light receiving 
side for one of converging and diverging the incident light 
beam.] 

[12. The polarization light splitting ?lm according to 
claim 1, further comprising an anti-re?ection layer at the 
light receiving side.] 

13. A polarization light splitting?lm having a light receiv 
ing side and a light transmitting side, the polarization light 
splitting?lm comprising: 

20 an optical rotation selection layer at the light receiving 
sidefor re?ecting one ofright and left circularlypolar 
ized components ofa light beam that is incident on the 
light receiving side andfor transmitting the other one 
ofthe right and left circularly polarized components of 
the light beam; 

a quarter-wave layer laminated over the optical rotation 
selection layer at the light transmitting side andfor 
emitting linearly polarized light; 

30 a linearpolarizing layer laminated over the quarter-wave 
layer at the light transmitting side and having a polar 
ization axis which substantially matches a polarization 
axis of the linearly polarized light emitted from the 
quarter-wave layer; and 

35 a di?'usion layer disposed under the optical rotation selec 
tion layer at the light receiving side, the di?'usion layer 
including at least two types of di?usion agents, each 
agent having a diferent average particle diameter 
within the range of] pm to 50 ,um. 

40 

* * * * * 


