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(57) ABSTRACT 

Disclosed are (1) a polariZer having a function of separating 
incident light into polarized light through re?ection and 
transmission, Which has (a) a haZe of 10% or less, or (b) a 
ratio of parallel transmitted light to incident light of 40 to 
60%, (c) a ratio of mirror re?ected light to the incident light 
of 25% or more, (d) a ratio of diffusion re?ected light to the 
incident light of 20% or less or (e) a fraction of mirror 
re?ected light to the Whole re?ected light of 60% or more; 
(2) an optical element comprising the polariZer, and a 1A 
Wavelength formed by one or tWo or more retardation layers 
disposed on at least one side thereof; (3) a lighting device 
comprising a surface light source, and the polariZer or the 
optical element disposed thereon; and (4) a liquid crystal 
display comprising the lighting device and a liquid crystal 
cell arranged on the light outgoing side thereof, With a 
polarizing plate intervening therebetWeen. 

44 Claims, 2 Drawing Sheets 
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POLARIZER, OPTICAL ELEMENT, 
LIGHTING DEVICE AND LIQUID CRYSTAL 

DISPLAY 

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

FIELD OF THE INVENTION 

The present invention relates to a polarizer suitable for 
improving the luminance of a liquid crystal display and 
preventing the uneven display thereof, and an optical ele 
ment and a lighting device using the same. 

BACKGROUND OF THE INVENTION 

Conventionally, as polarizers Which can overcome the 
disadvantage of polarizing plates that about half of incident 
light is absorbed to result in absorption loss, thereby improv 
ing the luminance of liquid crystal displays, elements com 
prising laminated products of cholesteric liquid crystal lay 
ers and 1A1 Wavelength plates have been knoWn. In these 
elements, circularly polarized light transmitted through the 
cholesteric liquid crystal layers is converted to linearly 
polarized light by the 1A1 Wavelength plates, and the linearly 
polarized light is alloWed to be incident on the polarizing 
plates in agreement With polarization axes, thereby prevent 
ing absorption loss. 

HoWever, there is the problem that the luminance of the 
liquid crystal displays is not so much improved as expected, 
resulting in uneven display, probably because the linearly 
polarized light contains large amounts of light components 
absorbed by the polarizing plates. Further, When prism array 
layers are arranged for improving the luminance and the 
e?iciency for light utilization by optical path control, there 
is also the problem that the luminance is largely reduced in 
a front direction (vertical direction). 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to develop 
a polarizer, an optical element and a lighting device Which 
can form polarized light having little absorption loss caused 
by a polarizing plate, can supply the polarized light to a 
liquid crystal cell With the excellent e?iciency for incident 
light utilization, can form a liquid crystal display excellent 
in luminance and decreased in uneven display, and are little 
reduced in luminance in a front direction When a prism array 
layer is arranged. 

According to the present invention, there is provided a 
polarizer having a function of separating incident light into 
polarized light through re?ection and transmission, Which 
has (a) a haze of 10% or less, or (b) a ratio of parallel 
transmitted light to incident light of 40 to 60%, (c) a ratio of 
mirror re?ected light to the incident light of 25% or more, 
((1) a ratio of diffusion re?ected light to the incident light of 
20% or less or (e) a fraction of mirror re?ected light to the 
Whole re?ected light of 60% or more. 

Further, the present invention provides an optical element, 
in Which a 1A Wavelength plate formed of at least one 
retardation layer is provided on the above-mentioned 
polarizer, and a polarizing plate containing a dichroic sub 
stance is disposed thereon if necessary. 

Still further, the present invention provides a lighting 
device comprising the above-mentioned polarizer or optical 
element disposed on a surface light source. 
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2 
Furthermore, the present invention provides a liquid crys 

tal display in Which a liquid crystal cell is arranged on the 
light outgoing side of the lighting device, With a polarizing 
plate intervening therebetWeen. 

In the present invention, the term “parallel transmitted 
light” means transmitted light in the parallel state When 
parallel light is incident on a polarizer, and the term “dif 
fusion transmitted light” means transmitted light not in the 
parallel state in the above-mentioned case. Further, the term 
“mirror re?ected light” means light satisfying the re?ective 
laW, taking re?ection by the Whole polarizer as re?ection 
based on the ideal mirror surface, and the term “diffusion 
re?ected light” means light not satisfying the re?ective laW. 
Furthermore, the term “fraction of mirror re?ected light” 
means the ratio of mirror re?ected light to the Whole 
re?ected light, and is calculated by the folloWing equation: 

[mirror re?ected light/(mirror re?ected light+diffusion re?ected 
light)]-1OO 

The ratio of parallel transmitted light, (parallel transmit 
ted light/incident light)~100, is hereinafter also referred to as 
the parallel light transmittance; the ratio of diffusion 
re?ected light, (diffusion re?ected light/incident light)~100, 
as the diffusion transmittance; the ratio of transmitted light, 
(the total transmitted light/incident light)~100, as the total 
light transmittance; the ratio of mirror re?ected light, (mirror 
re?ected light/incident light)~100, as the mirror re?ectance; 
the ratio of diffusion re?ected light, (diffusion re?ected 
light/incident light)~100, as the diffusion re?ectance; and the 
fraction of mirror re?ected light as the mirror re?ection 
fraction. In the above, incident light=transmitted light+ 
diffused light, and transmitted light=parallel transmitted 
light+diffusion transmitted light. 
The polarizer of the present invention is excellent in mass 

production and separation function of polarized light, and 
provides the polarized light having little absorption loss 
caused by the polarizing plate With the excellent e?iciency 
for incident light utilization. Further, it can form the optical 
element and the lighting device little reduced in luminance 
in a front direction, and the liquid crystal display excellent 
in luminance and decreased in uneven display, even When 
the prism array layer is arranged. 

Further, minimization of the dispersion of the haze, the 
parallel light transmittance, the total light transmittance, the 
diffusion transmittance, the mirror re?ectance and the dif 
fusion re?ectance in a plane can reduce uneven display such 
as uneven color, in addition to homogenization of 
luminance, thereby forming the liquid crystal display having 
good brightness and visibility. 
The above-mentioned effects are based on the speci?ed 

values of the haze, the parallel light transmittance, the mirror 
re?ectance, the diffusion re?ectance or the mirror re?ection 
fraction, and the mirror re?ectance, the diffusion re?ectance 
and the mirror re?ection fraction result from the folloWing 
elucidation. That is to say, as a result of intensive investi 
gation for solving the above-mentioned problems, the 
present inventors have elucidated that When a cholesteric 
liquid crystal layer having a constant thickness is combined 
With a 1A Wavelength plate to form an optical element, the 
mirror re?ectance, the diffusion re?ectance and the mirror 
re?ection fraction of the cholesteric liquid crystal layer have 
an in?uence on the luminance, and are largely related to the 
total re?ectance, (re?ected light/incident light)~100. 

That is to say, the cholesteric liquid crystal layer shoWs 
mirror re?ection characteristics containing no diffusion 
re?ected light by surface re?ection on both sides of the layer, 
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When not oriented. However, the re?ectance is loW, and the 
total re?ectance increases by orientation. It is therefore 
possible to obtain half of incident visible light as re?ected 
light for natural light (the total re?ectance: 50%). HoWever, 
in the course of an increase in the total re?ectance, diffusion 
re?ected light is generated to form re?ected light in Which 
the diffusion re?ected light and mirror re?ected light are 
present as a mixture. Moreover, the mixing ratio thereof 
changes With an increase in the total re?ectance. 

With respect to the above-mentioned change, the diffusion 
re?ectance increases and the mirror re?ectance decreases, 
probably because the diffusion re?ected light is predomi 
nantly generated at the beginning of an increase in the total 
re?ectance. On the other hand, When the total re?ectance 
further increases, the mirror re?ected light is probably 
predominantly generated in its turn. Consequently, the mir 
ror re?ected light starts to increase While the diffusion 
re?ectance is decreasing, reaching the mixing ratio giving 
the mirror re?ectance higher than the diffusion re?ectance. 

The present inventors have elucidated that the polariZer 
having a mirror re?ectance of 25% or more, a diffusion 
re?ectance of 20% or less or a mirror re?ection fraction of 
60% or more is effective for an improvement in luminance 
in the above-mentioned change in the mixing ratio. Based 
thereon, it is conceivably advantageous to shoW re?ection 
characteristics of the light containing a large amount of 
mirror re?ected light and a small amount of diffusion 
re?ected light, in terms of effective utiliZation of the light 
bringing about an improvement in luminance. Further, the 
present inventors have also elucidated that the in-plane 
scatter of the above-mentioned mirror re?ectance, diffusion 
re?ectance or mirror re?ection fraction contributes to 
uneven luminance or uneven color. The degree of the uneven 
luminance or uneven color caused by the scatter is more 
increased in an oblique direction than in a front (vertical) 
direction. The uneven display or uneven color can be largely 
decreased by reducing the above-mentioned scatter to 10% 
or less for the mirror re?ectance or the diffusion re?ectance, 
and to 15% or less for the mirror re?ection fraction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross sectional vieW shoWing a polariZer 
embodying the present invention; 

FIG. 2 is a cross sectional vieW shoWing an optical 
element embodying the present invention; 

FIG. 3 is a cross sectional vieW shoWing another optical 
element embodying the present invention; 

FIG. 4 is a cross sectional vieW shoWing a lighting device 
embodying the present invention; 

FIG. 5 is a cross sectional vieW shoWing another lighting 
device embodying the present invention; 

FIG. 6 is a cross sectional vieW shoWing a liquid crystal 
display embodying the present invention; and 

FIG. 7 is a cross sectional vieW shoWing another liquid 
crystal display embodying the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The polariZer according to the present invention has a 
function of separating incident light into polariZed light 
through re?ection and transmission, and has (a) a haZe of 
10% or less, or (b) a ratio of parallel transmitted light to 
incident light of 40 to 60%, (c) a ratio of mirror re?ected 
light to the incident light of 25% or more, (d) a ratio of 
diffusion re?ected light to the incident light of 20% or less 
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4 
or (e) a fraction of mirror re?ected light to the Whole 
re?ected light of 60% or more. 

Examples of the above-mentioned polariZers are shoWn in 
FIG. 1. The reference numeral 1 indicates a layer having a 
function of separating incident light into polariZed light 
through re?ection and transmission (circularly polariZed 
light separation layer). The reference numeral 11 indicates a 
supporting substrate, and the reference numerals 12 and 13 
indicate cholesteric liquid crystal layers. 
When the polariZer is applied to a liquid crystal display in 

combination With a 1A Wavelength plate, the luminance can 
be stably improved and the uneven display can be reduced, 
compared With a liquid crystal display using no polariZer, by 
satisfying the above-mentioned haZe, parallel light 
transmittance, mirror re?ectance, diffusion re?ectance or 
mirror re?ection fraction. Further, When a prism array layer 
is arranged, a reduction in luminance in a front direction can 
be decreased. 

In terms of an improvement in luminance, prevention of 
the uneven display, and prevention of a reduction in lumi 
nance in the front direction When the prism array layer is 
arranged, the haZe is preferably 8% or less, and particularly 
5% or less; the parallel light transmittance is preferably 42 
to 60%, and particularly 45 to 55%; the mirror re?ectance is 
preferably 30% or more, and particularly 35% or more; the 
diffusion re?ectance is preferably 15% or less, and particu 
larly 10% or less; and the mirror re?ection fraction is 
preferably 70% or more, and particularly 75% or more. 

Further, in respect to the above-mentioned improvement 
in luminance, the ratio of transmitted light to incident light, 
namely the total light transmittance, is preferably 40 to 65%, 
more preferably 42 to 60%, and most preferably 45 to 55%; 
or the ratio of diffusion re?ected light to incident light, 
namely the diffusion re?ectance, is preferably 10% or less, 
more preferably 8% or less, and most preferably 5% or less. 

Furthermore, in terms of prevention of the uneven display 
such as the uneven luminance or uneven color, particularly 
prevention of the uneven display in an oblique direction, the 
in-plane scatter of the polariZer is preferably 6% or less, 
more preferably 5% or less, and most preferably 4% or less, 
for the haZe; preferably 15% or less, more preferably 12% 
or less, and most preferably 8% or less, for the parallel light 
transmittance; preferably 10% or less, more preferably 8% 
or less, and most preferably 5% or less, for the mirror 
re?ectance and the diffusion re?ectance; or preferably 15% 
or less, more preferably 10% or less, and most preferably 7% 
or less, for the mirror re?ection fraction. 

In addition, in respect to the above-mentioned prevention 
of the uneven luminance, the in-plane scatter of the polariZer 
is preferably 15% or less, more preferably 12% or less, and 
most preferably 8% or less, for the total light transmittance; 
or preferably 6% or less, more preferably 4% or less, and 
most preferably 3% or less, for the diffusion transmittance. 
The polariZer may be formed of an appropriate material 

having the function of separating incident light into polar 
iZed light through re?ection and transmission, for example, 
a cholesteric liquid crystal oriented layer. According to the 
above-mentioned cholesteric liquid crystal oriented layer, 
the circularly polariZed light separation layer Which sepa 
rates natural light into right circularly polariZed light and left 
circularly polariZed light through re?ection and transmission 
can be obtained. 

The above-mentioned cholesteric liquid crystal shoWs the 
circularly polariZed light separation function different in 
Wavelength characteristics, based on the difference in helical 
pitch of Grandjean orientation. In the present invention, 
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however, the circularly polarized light separation layer may 
be a circularly polarized light separation layer having an 
appropriate form, such as a circularly polariZed light sepa 
ration layer changing in helical pitch in the direction of 
thickness, a circularly polariZed light separation layer com 
posed of a laminated product of tWo or more cholesteric 
liquid crystal layers different in center Wavelengths of 
re?ected light, or a circularly polariZed light separation 
layer, a combination of the above-mentioned layers, in 
Which tWo or more cholesteric liquid crystal polymer layers 
are laminated With each other in the long-short order based 
on the center Wavelength of re?ected light, the circularly 
polariZed light separation layer changing in helical pitch in 
the direction of thickness. 

The lamination of the above-mentioned cholesteric liquid 
crystal layers changing in helical pitch in the direction of 
thickness or different in center Wavelengths of re?ected 
light, accordingly different in helical pitch, aims at the 
enlargement of the Wavelength region of the separation 
function. That is to say, a constantly oriented monolayer 
cholesteric liquid crystal layer usually has a limitation on the 
Wavelength region shoWing selective re?ection (circularly 
polariZed light dichromatism), and the limitation is in a Wide 
range extending to a Wavelength region of about 100 nm in 
some cases. HoWever, even such a Wavelength range does 
not extend to the entire region of visible light desired When 
applied to liquid crystal displays. It is therefore aimed that 
the changing range of helical pitch is Widened to enlarge the 
Wavelength region shoWing the circularly polariZed light 
dichromatism. By the Way, several types of cholesteric 
liquid crystal polymer layers having a center Wavelength of 
selective re?ection ranging from 300 to 900 nm, Which are 
different in helical pitch, are laminated by using a combi 
nation of layers re?ecting circularly polariZed light in the 
same direction, thereby being able to ef?ciently form a 
circularly polariZed light separation layer Which can cover 
the visible light region. The lamination of the cholesteric 
liquid crystal layers re?ecting the circularly polariZed light 
in the same direction makes a phase state of circularly 
polariZed light re?ected by each layer uniform to prevent the 
generation of a different polariZed state in each Wavelength 
region and to increase the amount of polariZed light in an 
available state. 

In the above-mentioned circularly polariZed light separa 
tion layer, the lamination of the cholesteric liquid crystal 
layers in the long-short order based on the center Wavelength 
of re?ected light aims at prevention of changes in color of 
transmitted light caused by visual angle changes. In this 
case, a layer structure in Which tWo or more cholesteric 
liquid crystal layers having the same helical pitch are 
contained, such as a form in Which one or tWo or more 
cholesteric liquid crystal layers different in helical pitch 
intervene betWeen the cholesteric liquid crystal layers hav 
ing the same helical pitch in the long-short order based on 
the above-mentioned center Wavelength, is also alloWed. 

For formation of the circularly polariZed light separation 
layers, loW-molecular Weight cholesteric liquid crystals can 
be used. HoWever, cholesteric liquid crystal polymers can be 
preferably used from the standpoints of handling and 
reduced thickness of the resulting polariZers. In this case, the 
polariZers can be obtained as monolayer products such as 
cholesteric liquid crystal polymer ?lms, or as multilayer 
products in Which they are supported With plastic ?lms or the 
like. From the vieWpoint of the enlargement of the visual 
angle With a good visibility in liquid crystal displays, the 
polariZers are preferred in Which the cholesteric liquid 
crystal polymers are Grandjean-oriented With defects such 
as domains decreased. 
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There is no particular limitation on the cholesteric liquid 

crystal polymers, and appropriate polymers may be used. 
Accordingly, various polymers can be used such as main 
chain type or side chain type polymers in Which conjugate 
linear atomic groups (mesogens) are introduced into main 
chains or side chains of the polymers. 

The cholesteric liquid crystal polymers having larger 
retardation (An) become Wider in the Wavelength region of 
selective re?ection, and are preferably used in respect to a 
decrease in the layer number and alloWance to a Wavelength 
shift at a Wide visual angle. As the liquid crystal polymers, 
polymers having a glass transition temperature of 30 to 150° 
C. are preferably used from the standpoints of handling and 
stability of orientation at operating temperatures. 
By the Way, examples of the above-mentioned main chain 

type liquid crystal polymers include polymers such as 
polyesters, polyamides, polycarbonates and 
polyesterimides, in Which mesogen groups comprising para 
substituted cyclic compounds are linked by spacer moieties 
for giving ?exibility if necessary. 

Examples of the side chain type liquid crystal polymers 
include polymers having polyacrylates, polymethacrylates, 
polysiloxanes or polymalonates as main chains and loW 
molecular Weight liquid crystal compounds (mesogen 
groups) comprising para-substituted cyclic compounds as 
side chains through spacer moieties comprising conjugate 
linear atomic groups (mesogens) if necessary, nematic liquid 
crystal polymers containing loW-molecular Weight 
chiralities, chiral component-introduced liquid crystal 
polymers, and mixed liquid crystal polymers of nematic and 
cholesteric polymers. 
As described above, even the polymers having the para 

substituted cyclic compounds imparting nematic orientation 
comprising para-substituted aromatic units or substituted 
cyclohexyl ring units such as aZomethine, aZo, aZoxy, ester, 
biphenyl, phenylcyclohexane and bicyclohexane forms can 
be converted to polymers having cholesteric orientation by 
introducing appropriate chiral components comprising com 
pounds having asymmetric carbon atoms or loW-molecular 
Weight chiralities (JP-A-55-21479 and US. Pat. No. 5,332, 
522). Terminal substituent groups at the para-positions of the 
para-substituted cyclic compounds may be appropriate 
groups such as cyano, alkyl and alkoxyl groups. 
The spacer moieties include, for example, methylene 

chains —(CH2)n— and polyoxymethylene chains 
—(CH2CH2O)m—. The number of repetition of structural 
units forming the spacer moieties is appropriately deter 
mined by the chemical structure of the mesogen moieties. In 
general, n is 0 to 20, and particularly 2 to 12, for the 
methylene chains, and m is 0 to 10, and particularly 1 to 3, 
for the polyoxymethylene chains. 
The circularly polariZed light separation layers composed 

of the cholesteric liquid crystal polymers can be formed by 
methods based on the conventional orientation treatment of 
the loW molecular Weight liquid crystals. Examples of such 
methods include a method of developing a cholesteric liquid 
crystal polymer on an appropriate oriented ?lm such as an 
oriented ?lm obtained by rubbing With a rayon cloth a 
polyimide, polyvinyl alcohol, polyester, polyarylate, polya 
mideimide or polyether imide ?lm formed on a supporting 
base material, an obliquely deposited layer or an oriented 
?lm obtained by the draWing treatment, folloWed by heating 
at a temperature equal to or higher than a glass transition 
temperature to loWer than an isotropic phase transition 
temperature, and cooling the polymer to a temperature of 
loWer than the glass transition temperature in a state in 
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Which liquid crystal polymer molecules are Grandjean 
oriented to obtain a glass state, thereby forming a solidi?ed 
layer in Which the orientation is ?xed. 
As the above-mentioned supporting substrates, appropri 

ate materials can be used Which include monolayer, lami 
nated or oriented ?lms composed of plastics such as triacetyl 
cellulose, polyvinyl alcohol, polyimides, polyarylates, 
polyesters, polycarbonates, polysulfones, polyethersulfones, 
amorphous polyole?ns, modi?ed acrylic polymers and 
epoxy resins, and glass plates. The plastic ?lms are preferred 
in respect to a decrease in thickness. 

The liquid crystal polymers can be developed, for 
example, by methods in Which solutions of the liquid crystal 
polymers in solvents are developed in thin layers by appro 
priate methods such as spin coating, roll coating, ?oW 
coating, printing, dip coating, cast ?lm formation, bar coat 
ing and gravure printing, folloWed by drying as needed. As 
the above-mentioned solvents, appropriate solvents such as 
methylene chloride, cyclohexanone, trichloroethylene, 
tetrachloroethane, N-methylpyrrolidone and tetrahydrofuran 
can be used. 

The liquid crystal polymers can also be developed by 
methods in Which heated melts of the liquid crystal 
polymers, preferably heated melts shoWing isotropic phases, 
are developed in accordance With the above, further devel 
oped in thin layers While maintaining the melting tempera 
ture if necessary, and then solidi?ed. These methods use no 
solvents, and therefore provide hygienic Working environ 
ment. 

The heating treatment for orienting developed layers of 
the liquid crystal polymers can be conducted by heating the 
layers Within the temperature range from the glass transition 
temperature to the isotropic phase transition temperature, 
namely Within the temperature range in Which the liquid 
crystal polymers exhibit liquid crystal phases, as described 
above. Further, the oriented state can be ?xed by cooling the 
layers to less than the glass transition temperature, and there 
is no particular limitation on the cooling conditions. Usually, 
the above-mentioned heat treatment can be conducted at a 
temperature of 300° C. or less, so that the natural cooling 
system is generally employed. Various additives such as 
stabiliZers, plasticiZers and metals can be added to the 
developing solutions of the cholesteric liquid crystal poly 
mers as needed. 

The thickness of the solidi?ed layers of the liquid crystal 
polymers formed on the supporting substrates is preferably 
0.5 to 50 pm, more preferably 1 to 30 pm, and most 
preferably 2 to 10 pm in terms of prevention of disorder of 
orientation and a reduction in transmittance, and the Width 
of the Wavelength region of selective re?ection. The solidi 
?ed layers of the liquid crystal polymers formed on the 
supporting substrates can be used either as integrated With 
the supporting substrates or as ?lms separated therefrom. 
When the supporting substrates are contained, the total 
thickness including the substrates is preferably 2 to 500 pm, 
more preferably 5 to 300 pm, and most preferably 10 to 200 
pm. 

The above-mentioned circularly polariZed light separation 
layer changing in helical pitch in the direction of thickness 
can be produced, for example, by pressing tWo or more 
oriented cholesteric liquid crystal polymer layers on each 
other under heating. For such a heat pressing treatment, an 
appropriate method can be employed such as a method of 
heat pressing cholesteric liquid crystal polymer layers by 
means of a heat pressing means such as a roll laminator at 

a temperature equal to or higher than a glass transition 
temperature to loWer than an isotropic phase transition 
temperature. 
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When the solidi?ed layers of the liquid crystal polymers 

are used as integrated With the supporting substrates, the 
solidi?ed layers are laminated With each other in the close 
contact state based on the above, thereby obtaining the 
circularly polariZed light separation layers changing in heli 
cal pitch in the direction of thickness, in its turn, the 
polariZers according to the present invention. 

The circularly polariZed light separation layers changing 
in helical pitch in the direction of thickness may shoW the 
continuous Wavelength region of re?ected light or the dis 
continuous Wavelength region of re?ected light. From the 
vieWpoint of prevention of the uneven color, the circularly 
polariZed light separation layers Which can be preferably 
used in the present invention are layers shoWing the con 
tinuous Wavelength region of re?ected light. Such a circu 
larly polariZed light separation layer can be produced, for 
example, by heating a laminated product of the cholesteric 
liquid crystal polymer layers formed by the above 
mentioned heat pressing operation at a temperature equal to 
or higher than the glass transition temperature to loWer than 
the isotropic phase transition temperature to form a layer in 
Which the cholesteric liquid crystal polymers forming upper 
and loWer layers are mixed With each other in a close contact 
interface thereof. 

In the above, the cholesteric liquid crystal polymer layer 
formed by mixing the cholesteric liquid crystal polymers of 
the upper and loWer layers forms the circularly polariZed 
light separation layer in Which the upper layer differs from 
the loWer layer in helical pitch and the helical pitch varies in 
multiple stages in the direction of thickness. Usually, the 
helical pitch is a mean value for the cholesteric liquid crystal 
polymers forming the upper and loWer layers, and the 
cholesteric liquid crystal polymer layer forms the region 
shoWing the continuous Wavelength region of re?ected light, 
together With the upper and loWer layers. 

Accordingly, When the cholesteric liquid crystal polymer 
layers are used in such a combination that the Wavelength 
region of the upper layer does not overlap With that of the 
loWer layer, namely, in such a combination that the Wave 
length region of re?ected light has a missing region due to 
discontinuity, the cholesteric liquid crystal polymer layers 
formed by mixing the upper and loWer layers can ?ll up the 
above-mentioned missing region to make the Wavelength of 
re?ected light continuous. 

Accordingly, for example, the use of tWo kinds of cho 
lesteric liquid crystal polymer layers having re?ected Wave 
length regions of 500 nm or less and equal to or more than 
600 nm, respectively, can provide a circularly polariZed light 
separation layer Which re?ects light in the Wavelength 
region of 500 to 600 nm, the discontinuous re?ected Wave 
length region. This means that the circularly polariZed light 
separation layer shoWing a Wider re?ected Wavelength 
region can be formed by lamination of less cholesteric liquid 
crystal polymer layers. 
The polariZers of the present invention, particularly, the 

polariZers having the circularly polariZed light separation 
layers, can be preferably used for the fabrication of liquid 
crystal displays. In that case, the polariZers can also be used 
as optical elements in each of Which a 1A Wavelength plate 
having one or tWo or more retardation layers is added to at 
least one side thereof. Examples of the optical elements are 
shoWn in FIGS. 2 and 3, Wherein the reference numeral 2 
indicates a 1A Wavelength plate, the reference numerals 21 
and 22 indicate retardation layers, and the reference numeral 
3 indicates a polariZing plate. 

The 1A1 Wavelength plate is used, as shoWn in FIGS. 2 and 
3, for linearly polariZing circularly polariZed light transmit 
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ted through the circularly polarized light separation layer 1, 
and formed by one or tWo or more retardation layers. In 
respect to a reduction in the angle dependence of changes in 
color caused by visual angle changes, it is preferred that the 
retardation layer is arranged on the side of the cholesteric 
liquid crystal polymer layer in Which the center Wavelength 
of re?ected light is longer, in the circularly polariZed light 
separation layer. 
As the 1A1 Wavelength plate (retardation layer), a plate 

having a front retardation of 100 to 180 nm is preferably 
used for the visible light region from the vieWpoints of the 
linear polariZation effect and the compensation of changes in 
color caused by obliquely transmitted light. That is to say, 
taking a maximum in-plane refractive index as nx, a refrac 
tive index in a direction crossing at right angles thereto as ny, 
a refractive index in a thickness direction as n,, and a 
thickness as d, a 1A Wavelength plate satisfying the equation: 

is preferably used. 
The retardation layer used together With the above 

mentioned retardation layer shoWing the 1A1 Wavelength plate 
function as needed is a compensation layer for alloWing the 
color balance of light obliquely transmitted through the 
retardation layer shoWing the 1A1 Wavelength plate function to 
agree With the color balance of light vertically transmitted 
therethrough as close as possible, thereby giving neutral 
tints With less coloring When visually observed through the 
polariZing plate, and one having a front retardation (And) of 
100 to 720 nm is preferably used. 

In the above, the retardation layers Which can be prefer 
ably used for the compensation of changes in color are ones 
in Which the refractive index in the direction of thickness is 
higher than one or both of the in-plane refractive indexes, or 
in Which NZ represented by the equation: (nx— Z)/(nx—ny) is 
5 or less, preferably 2 or less, more preferably 1.5 or less, 
and most preferably 1.1 or less (all include minus values). 

The retardation layers can be formed of any materials, and 
preferred are ones excellent in transparency, particularly 
shoWing a light transmittance of 80% or more, and giving an 
uniform retardation. In general, there are used oriented ?lms 
and liquid crystal polymers, particularly liquid crystal poly 
mers of tWisted orientation, formed of plastics such as 
polycarbonates, polyesters, polysulfones, polyethersulfones, 
polystyrene, polyole?ns such as polyethylene and 
polypropylene, polyvinyl alcohol, cellulose acetate 
polymers, polyvinyl chloride, polyvinylidene chloride, 
polyarylates, polymethyl methacrylate and polyimides. 

The above-mentioned retardation layers having a high 
refractive index in the direction of thickness can be pro 
duced by appropriate methods, for example, monoaxial or 
biaxial heat orientation of ?lms formed by extruding the 
above-mentioned polymers by appropriate methods such as 
casting methods and extrusion methods, in the state in Which 
the ?lms are adhered to heat-shrinkable ?lms. 

The above-mentioned characteristics such as And and NZ 
of the retardation layers can be controlled by changing the 
materials or the thickness of the ?lms, or the conditions such 
as the degree of orientation or the orienting temperature. The 
general thickness of the retardation layers is 10 to 500 pm, 
and particularly 20 to 200 pm, for monolayer ones, but is not 
limited thereto. 
When the retardation layers such as the 1A1 Wavelength 

plates are formed by use of liquid crystal polymers, they can 
be obtained in appropriate forms such as oriented ?lms of 
the liquid crystal polymers and oriented layers thereof 
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supported by transparent substrates, in accordance With the 
case of the above-mentioned circularly polariZed light sepa 
ration layers. When the liquid crystal polymers are used, the 
desired retardation layers can also be obtained Without 
orientation treatment. 
The 1A1 Wavelength plates may be either monolayer retar 

dation layers or laminated products of tWo or more retarda 
tion layers different in retardation, as described above. The 
lamination of the retardation layers different in retardation is 
effective for the enlargement of the Wavelength range in 
Which they function as the desired 1A Wavelength plates and 
compensation plates. When the retardation layers are 
laminated, it is preferred from the above-mentioned vieW 
point that one or tWo or more retardation layers in Which the 
refractive index in the direction of thickness is higher than 
at least one of the in-plane refractive indexes are arranged. 
From the effect of improving the luminance, it is preferred 

that the polariZers are ones Which transmit linearly polariZed 
light having a speci?ed polariZation axis and re?ect the other 
light. In the polariZer, a polariZing plate 3 can also be 
arranged on a 1A Wavelength layer 2, as shoWn in FIG. 3. In 
this case, the polariZer can be applied to the liquid crystal 
cell as such Without use of a separate polariZing plate. 
As the polariZing plates, appropriate plates such as 

absorption type polariZing plates containing dichroic 
substances, oriented polyene ?lms and said ?lms provided 
With transparent protective layers can be used. By the Way, 
examples of the absorption type polariZing plates include 
hydrophilic polymer ?lms such as polyvinyl alcohol ?lms, 
partially formaliZed polyvinyl alcohol ?lms and partially 
saponi?ed ethylene-vinyl acetate copolymer ?lms, and ?lms 
alloWed to adsorb dichroic substances such as iodine and 
dichroic dyes and then oriented. Further, examples of the 
oriented polyene ?lms include dehydrated products of poly 
vinyl alcohol, and dehydrochlorinated products of polyvinyl 
chloride. The thickness of the polariZing plates is usually 5 
to 80 pm, but is not limited thereto. 

In the fabrication of the liquid crystal displays, polariZing 
plates high in the degree of polariZation such as absorption 
type polariZing plates containing dichroic substances are 
preferably used for attaining bright display, namely trans 
mitting light highly linearly polariZed by means of the 1A1 
Wavelength plates through the polariZing plates While pre 
venting absorption loss as effectively as possible to obtain 
display of a good contrast ratio by incidence of the highly 
linearly polariZed light to the liquid crystal cells. In 
particular, dichroic substance-containing absorption type 
polariZing plates having a light transmittance of 40% or 
more and a degree of polariZation of 95.0% or more, 
particularly 99% or more are preferably used. 

The above-mentioned transparent protective layers are 
provided particularly for the purpose of protecting polariZ 
ing plates poor in Water resistance such as the dichroic 
substance-containing absorption type polariZing plates, and 
may be formed by appropriate methods such as coating of 
plastics and lamination of ?lms. When the protective layers 
are formed by separated materials such as ?lms, it is 
preferred from the vieWpoint of prevention of re?ection loss 
that the polariZing plates are integrally laminated With them 
by means of adhesive layers. The thickness of the transpar 
ent protective layers, Which may be appropriately 
determined, is generally 1 mm or less, particularly 500 pm 
or less, and more particularly 1 to 300 pm. As the plastics, 
appropriate plastics may be used. HoWever, the plastics 
illustrated in the above-mentioned retardation layers and 
transparent substrates for supporting the liquid crystal poly 
mers are generally used. 
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Further, ?ne unevenness can also be formed on surfaces 
of the transparent resin layers by addition of ?ne particles. 
As the ?ne particles, particles showing transparency in 
transparent resin layers are used. Examples of such ?ne 
particles include inorganic ?ne particles having a mean 
particle siZe of 0.5 to 5 pm, Which may be conductive, such 
as silica, alumina, titania, Zirconia, tin oxide, indium oxide, 
cadmium oxide and antimony oxide, and organic ?ne par 
ticles such as crosslinked or non-crosslinked polymers. The 
content of the ?ne particles is generally 2 to 25% by Weight, 
and preferably 5 to 20% by Weight. 
When the polariZing plate is disposed on the 1A wave 

length plate, the arrangement angle of a polariZation axis of 
the polariZing plate to the 1A1 Wavelength plate can be 
appropriately determined according to retardation charac 
teristics of the 1A1 Wavelength plate, or characteristics of 
circularly polariZed light incident thereon. HoWever, in 
terms of an improvement in the ef?ciency for light 
utiliZation, it is preferred that a transmitting axis of the 
polariZing plate is arranged in as parallel as possible to a 
polariZing direction (oscillating direction) of the linearly 
polariZed light through the retardation layer. 

The polariZer according to the present invention separates 
light from a light source such as natural light into right 
circularly polariZed light and left circularly polariZed light as 
re?ected light and transmitted light through the polariZer, 
and linearly polariZes the circularly polariZed light and 
elliptically polariZed light transmitted through the polariZer, 
by means of the 1A1 Wavelength plate, to supply the linearly 
polariZed light to the polariZing plate. 

Accordingly, as shoWn in FIGS. 4 and 5, such a polariZer 
or optical element is arranged on an appropriate light 
conductive plate 4 such as a side light type light conductive 
plate or an EL lamp, thereby being able to assemble a 
lighting device suitable for a back light of a liquid crystal 
display. The surface light source illustrated in the ?gures is 
provided With a light source 42 on the side of the light 
conductive plate 4. 

According to the above-mentioned lighting device illus 
trated in the ?gures, light from the light source 42 is incident 
on a side face of the light conductive plate 4 and goes out 
from a surface of the light conductive plate by re?ection at 
a back face. The outgoing light is transmitted as speci?ed 
circularly polariZed light (vertical) or elliptically polariZed 
light (oblique) through a circularly polariZed light separation 
layer 1 arranged on the surface side of the light conductive 
plate, and linearly polariZed through a 1A Wavelength plate 2, 
thus being incident on a polariZing plate 3. On the other 
hand, light re?ected by the circularly polariZed light sepa 
ration layer 1 as circularly polariZed light other than the 
speci?ed is incident on the light conductive plate again, 
re?ected by means of a re?ecting layer 41 arranged on the 
back face, and incident on the circularly polariZed light 
separation layer 1 again as return light. 

The above-mentioned light re?ected by the circularly 
polariZed light separation layer is changed in the polariZed 
state When re?ected by the back face of the light conductive 
plate, and converted to speci?ed circularly polariZed light 
Which can be partly or Wholly transmitted through the 
circularly polariZed light separation layer. Accordingly, the 
light re?ected by the circularly polariZed light separation 
layer is con?ned betWeen the circularly polariZed light 
separation layer and the light conductive plate until it 
becomes the speci?ed circularly polariZed light Which can 
be transmitted through the circularly polariZed light separa 
tion layer, and re?ection is repeated therebetWeen. 
As described above, in the side light type light conductive 

plate, the re?ected light is con?ned betWeen the circularly 
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polariZed light separation layer and the re?ecting layer of the 
light conductive plate, and re?ection is repeated therebe 
tWeen. In the meantime, the polariZed state is changed to the 
state in Which the light can be transmitted through the 
circularly polariZed light separation layer, and the light goes 
out together With initial transmitted light of the incident 
light, thereby decreasing unused light due to re?ection loss. 
On the other hand, the light Which has gone out from the 

circularly polariZed light separation layer is converted to 
linearly polariZed light or elliptically polariZed light rich in 
linearly polariZed light components through the 1A wave 
length plate. The converted light is little absorbed by and 
transmitted through the polariZing plate, When the linearly 
polariZed light direction thereof agrees With the transmitting 
axis of the polariZing plate, thereby reducing unused light 
due to absorption loss. As a result, the light Which has 
previously been lost as re?ection loss and absorption loss 
can also be effectively used, and the efficiency for light 
utiliZation can be improved. As the surface light source, 
therefore, the side light type light conductive plate is pref 
erably used. 
As the above-mentioned light conductive plate, an appro 

priate one having a re?ective layer on a back face and giving 
out light to the surface side can be used. Preferably, a light 
conductive plate effectively giving out light Without absorp 
tion is used. An example thereof is a side light type back 
light knoWn in a liquid crystal display, in Which a linear light 
source such as a (cold or hot) cathode tube or a light source 
such as a light emitting diode is arranged on the side face of 
a light conductive plate 4, and light transmitted through the 
light conductive plate goes out to the surface side of the plate 
by diffusion, re?ection, diffraction and interference. 

In the above, the light conductive plate in Which internal 
transmitted light goes out to one face side can be obtained, 
for example, by providing a light outgoing face or a back 
face of a transparent or translucent resin plate With a diffuser 
in the dot or stripe form, or giving an uneven structure, 
particularly a ?ne prism array-like uneven structure, to the 
back face of the resin plate. 

The light conductive plate giving out light to the one face 
side can have the function that the plate itself converts the 
polariZation of light re?ected by the circularly polariZed 
separation layer. HoWever, the provision of the re?ecting 
layer 41 on the back face of the light conductive plate can 
prevent re?ection loss almost completely. The re?ecting 
layer such as a diffusion re?ecting layer or a mirror re?ect 
ing layer is excellent in the function to convert the polar 
iZation of light re?ected by the circularly polariZed separa 
tion layer, so that it is preferably used in the present 
invention. 
By the Way, in the diffusion re?ecting layer represented by 

the uneven surface, the polariZed state is randomly mixed 
based on its diffusion to cancel the polariZed state. Further, 
in the mirror re?ecting layer represented by a deposited 
layer of aluminum or silver, a resin plate provided thereWith 
or a metal surface composed of metal foil, the polariZed state 
is reversed by re?ection of the circularly polariZed light. 

In the fabrication of the lighting device, a prism array 
layer 5 comprising a prism sheet for controlling the outgoing 
direction of light, a diffusing plate for obtaining uniform 
light emission, a re?ecting means for returning leakage light, 
and an auxiliary means such as a light source holder for 
guiding outgoing light to the side face of the light conductive 
plate are arranged on the top, bottom or side face of the light 
conductive plate 4 in one or more layers as an appropriate 
combination if necessary, as described in FIG. 5. 

In the above, dots given to the prism array layer or the 
diffusing plate arranged on the surface side (light-outgoing 
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side) of the light conductive plate or given to the light 
conductive plate can function as a polariZation-converting 
means changing the phase of re?ected light by the diffusion 
effect. When tWo or more prism layers are arranged, it is 
preferred that prism arrays in each layer are arranged in the 
state in Which the optical anisotropy is canceled by alloWing 
the prism arrays to cross at right angles or intersect each 
other to shift the arrangement angle of the arrays. 

In the present invention, respective parts such as the 
circularly polariZed separation layers, the 1A1 Wavelength 
plates, the polariZing plates and the light conductive plates 
for fabricating the polariZers, the optical elements or the 
lighting devices can be integrally laminated by means of 
adhesive layers as needed. The integral lamination of the 
fabrication parts is effective for prevention of deterioration 
of indicated quality due to inhibition of re?ection loss in 
each interface and prevention of invasion of foreign mate 
rials in each interface, and prevention of a reduction in 
compensating ef?ciency or polariZation-converting ef? 
ciency caused by optical deviation. Accordingly, even When 
the circularly polariZed separation layers, the 1A1 Wavelength 
plates, the polariZing plates and the light conductive plates 
are each formed in a plurality of layers, it is preferred that 
the respective layers are integrated in the close contact state 
by means of the adhesive layers. 

Although appropriate adhesives can be used for the 
above-mentioned integral lamination, adhesive layers excel 
lent in stress relaxation can be preferably used, among 
others, because they inhibit stress developed in the circularly 
polariZed separation layers, the 1A1 Wavelength plates or the 
polariZing plates by heat from light sources to prevent 
changes in the refractive index generated by photoelastic 
deformation, thereby fabricating liquid crystal displays 
Which are bright and excellent in visibility and reliability of 
indicated quality. 

In the formation of the adhesive layers, transparent adhe 
sives can be used Which comprise appropriate polymers such 
as acrylic polymers, silicone polymers, polyesters, 
polyurethanes, polyethers and synthetic rubber. In particular, 
acrylic adhesives are preferably used in terms of optical 
transparency, adhesive characteristics and Weather resis 
tance. In order to prevent photoelastic deformation by relax 
ation of internal stress developed in laminated products by 
heat, it is preferred that the adhesive layers have a relaxation 
elasticity of 2-105 to 1-107 dyne/cm2, particularly 2-106 to 
8-106 dyne/cm2. 

The thickness of the adhesive layers may be appropriately 
determined. In general, it is 1 to 500 pm, preferably 2 to 200 
pm, and more preferably 5 to 100 pm, in terms of adhesive 
strength and a reduction in thickness. The adhesive layers 
can contain tacki?ers such as petroleum resins, rosin resins, 
terpene resins, cumarone indene resins, phenol resins, 
xylene resins and alkyd resins, softening agents such as 
phthalates, phosphates, paraf?n chlorides, polybutene and 
polyisobutylene, or other appropriate additives such as vari 
ous ?llers and antioxidants. 

The optical element obtained by integral lamination is 
formed by, for example, transferring an adhesive layer 
provided on a separator formed of a thin sheet such as a ?lm 
surface-treated With a release agent onto an adhesive face of 
a polariZer, pressing a 1A Wavelength plate thereon, further 
similarly transferring an adhesive layer onto the 1A wave 
length plate, and arranging and pressing a polariZing plate 
thereon. 

Further, the optical element can also be formed by trans 
ferring an adhesive layer provided on a separator onto an 
adhesive face of a light conductive plate, arranging and 
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pressing a polariZer thereon, then similarly transferring an 
adhesive layer onto the polariZer, and pressing in turn a 1A 
Wavelength plate and an optional polariZing plate thereon, or 
by laminating adherends such as a polariZer, a 1A Wavelength 
plate, a polariZing plate and a light conductive plate by 
means of adhesive layers previously provided on speci?ed 
adhesive faces in a speci?ed order, and pressing them 
together by the press treatment. 

In the polariZers, optical elements and lighting devices 
according to the present invention, appropriate optical layers 
such as light diffusing plates can also be arranged on their 
surfaces or in appropriate positions betWeen layers. In that 
case, the optical layers may be integrally laminated With the 
polariZers by means of adhesive layers excellent in stress 
relaxation. Such a previously adhering method has the 
advantage that elements stabler in quality and more excel 
lent in reliability can be obtained than those obtained by the 
sequentially adhering method in an assembly line. 

In the present invention, the liquid crystal layers, the 1A1 
Wavelength plates, the polariZing plates, the light conductive 
plates, the adhesive layers and other parts such as the optical 
layers for fabricating the polariZers, optical elements and 
lighting devices can also be treated With, for example, 
ultraviolet ray absorbers such as salicylate compounds, 
benZophenol compounds, benZotriaZole compounds, 
cyanoacrylate compounds and nickel complex salt com 
pounds to give ultraviolet ray absorbing ability. 
As described above, the polariZer or optical element of the 

present invention is used in combination With an appropriate 
surface light source such as the side light type light con 
ductive plate, prevents re?ection loss by converting the 
polariZation of circularly polariZed light re?ected by the 
circularly polariZed separation layer to reuse it as outgoing 
light, prevents absorption loss by the polarizing plate by 
controlling the phase of the outgoing light by means of the 
1A1 Wavelength plate to convert it to the state in Which the 
linearly polariZed light components transmittable through 
the polariZing plate are richly contained, and prevents 
changes in color to improve the luminance. 

Accordingly, the polariZers and optical elements of the 
present invention can be used in back light systems of liquid 
crystal displays, because they are excellent in the ef?ciency 
for light utiliZation, can provide light easily transmittable 
through the polariZing plates, and can easily achieve a large 
displaying area. In that case, it is preferred that 65% or more, 
preferably 70% or more of linearly polariZed light compo 
nents transmittable through the polariZing plates as linearly 
polariZed light and major-axial components of elliptically 
polariZed light are contained, in order to utiliZe as a light 
source light going out from the 1A1 Wavelength plates. 
Embodiments of the liquid crystal displays using the 

lighting device of the present invention as a back light 
system are shoWn in FIGS. 6 and 7. Referring to the 
draWings, a liquid crystal cell 6 is arranged on the light 
outgoing side of a light conductive plate 4 forming the 
lighting device With the interposition of an optical element, 
and arranged on the side of a 1A Wavelength plate 2 of the 
optical element as shoWn in the draWings. In the draWings, 
the reference numeral 61 indicates a polariZing plate, and the 
reference numeral 7 indicates a light diffusing plate for 
visual light diffusion. 

The polariZers and lighting devices of the present inven 
tion are particularly preferably used for the fabrication of 
liquid crystal displays each having the polariZing plates on 
both sides of the liquid crystal cell. When the optical element 
has a polariZing plate on the top side of the 1A1 Wavelength 
plate, the polariZing plate on the side Where the optical 
element is provided in the liquid crystal cell can be omitted. 
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Liquid crystal displays are generally fabricated by appro 
priately assembling constituent parts such as polarizing 
plates, liquid crystal cells, back lights and optional retarda 
tion plates for compensation, and incorporating driving 
circuits. In the present invention, as described above, there 
is no particular limitation, except that the optical element or 
the lighting device is arranged on the visual back face side 
of the liquid crystal cell, directing the 1A1 Wavelength plate 
side thereof or the polariZing plate side thereof to the liquid 
crystal cell, and the liquid crystal display can be produced in 
accordance With conventional methods. HoWever, it is pre 
ferred that the respective constituent parts are integrally 
adhered to one another by the adhesive layers. 

Further, the optical elements and lighting devices of the 
present invention can be preferably used for liquid crystal 
cells to Which light in the polariZed state is required to be 
incident, such as cells using tWist nematic liquid crystals or 
super tWist nematic liquid crystals. HoWever, they can also 
be used for liquid crystal cells using non-tWist liquid 
crystals, guest host liquid crystals in Which dichroic sub 
stances are dispersed, or ferroelectric liquid crystals. 

In the fabrication of the liquid crystal display, appropriate 
optical layers such as a light diffusing plate, an anti-glare 
layer, a re?ection reducing ?lm, a protective layer and a 
protective plate provided on the polariZing plate on the 
visual side, or a retardation plate for compensation provided 
betWeen the liquid crystal cell and the polariZing plate on the 
visual side can be appropriately arranged. By the Way, for 
improving the luminance, optical layers usually arranged 
betWeen back lights and liquid crystal cells, and each 
comprising a plurality of thin polymer ?lms laminated With 
each other can also be arranged (JP-A-4-268505, PCT 
International Publication No. 95/17691). 

The above-mentioned retardation plate for compensation 
is provided for compensating the Wavelength dependence of 
birefringence to improve the visibility. In the present 
invention, it is arranged betWeen the polariZing plate on the 
visual side and/or the back light side and the liquid crystal 
cell as needed. As the retardation plate for compensation, an 
appropriate retardation plate can be used according to the 
Wavelength region, and it may be formed in one layer or as 
a laminated layer of toW or more retardation layers. The 
retardation plates for compensation can be obtained as the 
oriented ?lms or the liquid crystal layers exempli?ed With 
respect to the above-mentioned 1A1 Wavelength plates. 

EXAMPLE 1 

A solution of 20% by Weight of an acrylic thermotropic 
cholesteric liquid crystal polymer in tetrahydrofuran Was 
applied With a Wire bar onto a surface of a 50 pm thick 
cellulose triacetate ?lm rubbing-treated With polyvinyl alco 
hol (about 0.1 pm in thickness). After heat orientation at 
16012° C. for 5 minute, the coated ?lm Was alloWed to cool 
at room temperature to obtain a 2 pm thick polariZer having 
a circularly polariZed light separation layer through Which 
left circularly polariZed light having a selective re?ection 
Wavelength region of 500 to 600 nm Was transmittable. 

Then, a 1A Wavelength plate having a front retardation of 
140 nm and an N, of 1, Which Was formed of an oriented 
polycarbonate ?lm, Was adhered to the above-mentioned 
circularly polariZed light separation layer by means of a 20 
pm thick acrylic adhesive layer to obtain an optical element, 
and a surface light source Was arranged under the above 
mentioned polariZer to obtain a lighting device. The surface 
light source comprises a 4 mm thick acrylic light conductive 
plate on the back face of Which dots Were printed, a 3 mm 
diameter cold cathode arranged on the side face of the light 
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conductive plate, an aluminum-deposited ?lm surrounding 
the side face of the light conductive plate and the cold 
cathode, and a re?ection sheet formed of a foamed polyester 
?lm, Which Was disposed under the above-mentioned dots. 
This surface light source Was disposed under the circularly 
polariZed light separation layer With the interposition of a 20 
pm thick acrylic adhesive layer, and integrally laminated 
thereWith by pressing. 

EXAMPLE 2 

A lighting device Was obtained in accordance With 
Example 1 With the exception that a prism sheet Was 
disposed on the light conductive layer. 

EXAMPLE 3 

In accordance With Example 1, tWo kinds of polariZers 
having 514m thick circularly polariZed light separation lay 
ers different from each other in the mesogen ratio Were 
obtained. One of the circularly polariZed light separation 
layers transmitted left circularly polariZed light having a 
selective re?ection Wavelength region of 400 to 470 nm, and 
the other transmitted left circularly polariZed light having a 
selective re?ection Wavelength region of 600 to 700 nm. The 
tWo kinds of polariZers Were placed one over the other so 
that the liquid crystal polymer layers faced each other, and 
introduced betWeen laminating rolls heated at 130° C. to 
obtain a polariZer comprising a circularly polariZed light 
separation layer having a selective re?ection Wavelength 
region of 400 to 700 nm in Which the liquid crystal polymer 
layers Were laminated With each other in the close contact 
state. Then, a 1A Wavelength plate having a front retardation 
of 135 nm and an N, of 0.5, Which Was formed of an oriented 
polycarbonate ?lm, Was adhered to the side larger in helical 
pitch thereof by means of a 20 pm thick acrylic adhesive 
layer to obtain an optical element. Using the resulting optical 
element, a lighting device Was obtained in accordance With 
Example 1. 

EXAMPLE 4 

A lighting device Was obtained in accordance With 
Example 2 With the exception that a prism sheet Was 
disposed on the light conductive layer. 

Comparative Example 1 

A circularly polariZed light separation layer Was formed in 
accordance With Example 1 With the exception that heat 
orientation Was conducted for 2 minutes, thus obtaining a 
polariZer, an optical element and a lighting device. 

Comparative Example 2 

A lighting device Was obtained in accordance With Com 
parative Example 1 With the exception that a prism sheet Was 
disposed on the light conductive layer. 

Comparative Example 3 

A circularly polariZed light separation layer Was formed in 
accordance With Example 2 With the exception that the 
scatter of the heat orientation temperature Was increased to 
160120° C., thus obtaining a polariZer, an optical element 
and a lighting device. 

Comparative Example 4 

A lighting device Was obtained in accordance With Com 
parative Example 3 With the exception that a prism sheet Was 
disposed on the light conductive layer. 
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Evaluation Tests 
Optical Characteristics 

For the polariZers obtained in Examples and Comparative 
Examples, the haZe, the parallel light transmittance, the total 
light transmittance, the diffusion transmittance, the mirror 
re?ectance, the diffusion re?ectance and the mirror re?ec 
tion fraction, and the in-plane dispersion thereof Were exam 
ined With an NDH-20D tester manufactured by Nippon 
Denshoku Kogyo Co., Ltd. Results thereof are shoWn in 
Table 1. 
Degree of Improvement in Luminance, Chromaticity Dif 
ference and Uneven Display 

ApolariZing plate Was disposed on the light outgoing side 
of each of the lighting devices obtained in Examples and 
Comparative Examples, adjusting the axis angle so as to 
shoW the maximum luminance, and the luminance and the 
chromaticity (x1, y1) in the front (vertical) direction thereof 
and their scatter Were examined With a BM-7 tester manu 
factured by Topcon Co., Ltd. Taking as 100 a front lumi 

10 

15 

18 
transmitted light to incident light of 40 to 60%, (c) a ratio of 
mirror re?ected light to the incident light of 25% or more, 
(d) a ratio of diffusion re?ected light to the incident light of 
20% or less or (e) a fraction of mirror re?ected light to the 
Whole re?ected light of 60% or more. 

2. The polariZer according to claim 1, Wherein (a) the 
in-plane dispersion of the haZe is 6% or less, or (b) the 
in-plane dispersion of the ratio of parallel transmitted light 
is 15% or less, (c) the in-plane dispersion of the ratio of 
mirror re?ected light is 10% or less, (d) the in-plane dis 
persion of the ratio of diffusion re?ected light is 10% or less 
or (e) the in-plane dispersion of the fraction of mirror 
re?ected light is 15% or less. 

3. The polariZer according to claim 1, Wherein the ratio of 
transmitted light to incident light is from 40% to 65%. 

4. The polariZer according to claim 3, Wherein the 
in-plane scatter of the ratio of transmitted light is 15% or 
less. 

5. The polariZer according to claim 1, Wherein the ratio of 
diffusion transmitted light to incident light is 10% or less. 

nance in the state in Which the lighting device had no optical 20 6 Th 1 _ d, t 1 _ 5 h _ th 

element, the degree of an improvement in luminance Was _ 3P0 aflzer faticor tfng fgfglafm t ’ W irteiinr hi 
determined. Further, the chromaticity difference Was calcu- fn'géme llsperslon 0 e m 10 O 1 Slon ransml 6 1g 
lated from the chromaticity (x0, yo) in the front direction in IS 7 0T? es?‘ _ d, t 1 _ 1 h _ th f 
the state in Which the lighting device had no optical element, t, ' f 6 p0 atflzef aciior t1I11_gh?_Cta1m 1’ grimht ti um; 
according to the folloWing equation: 25 Ion O _ Separa mg Inc} fn ,lg 1n 0 p0 anZe ,lg ,roug 

re?ection and transmission is based on a Grand]ean-oriented 
cholesteric liquid crystal layer. 

Chromaticity Digerence={(X1_XD)2+(y1_yD)2} '8. The polari'Zer according to claim 7, Wherein helical 
pitch in GrandJean orientation of the cholesteric liquid 

Further, the uneven display Was examined by visual 30 crystal layer changes in the direction of thickness. 
observation on the polariZer. Results thereof are shoWn in 9. The polariZer according to claim 7, Wherein the cho 
Table 2. lesteric liquid crystal layer composed of a laminated product 

TABLE 1 

F amnle Comparative E amnle 

1 2 3 4 1 2 3 4 

Haze(%) 4:2 4:2 4 2 4 2 24:5 2415 1011010110 
Parallel Light Transmittance (%) 51 r 5 51 r 5 53 r 4 53 r 4 37 r 8 37 r 8 39 r 17 39 r 17 
Total Light Transmittance (%) 53 r 7 53 r 7 55 r 6 55 r 6 49 r 9 49 r 9 48 r 24 48 r 24 
Diffusion Transmittance (%) 2 r 1 2 r 1 2 r 1 2 r 1 12 r 4 12 r 4 9 r 7 9 r 7 

Mirror Re?ectance (%) 35 r 7 35 r 7 40 r 4 40 r 4 20 r 8 20 r 8 23 r 13 23 r 13 

Diffusion Re?ectance (%) 14 r 7 14 r 7 10 r 3 10 r 3 22 r 7 22 r 7 24 r 16 24 r 16 

Mirror Re?ection Fraction (%) 71 r 9 71 r 9 80 5 80 5 48 r 10 48 r 10 49 r 18 49 r 18 

of tWo or more cholesteric liquid crystal polymer layers 
TABLE 2 different in center Wavelengths of re?ected light. 

10. An optical element comprising the polariZer according 
Degree Of _ _ 50 to claim 1, and a 1A Wavelength formed by one or tWo or 

_ImPr°V_ement chlomanclty _ more retardation layers disposed on at least one side thereof. 
in Luminance Difference Uneven Display - - - - 11. The optical element according to claim 10, Wherein 

Example 1 12s I 1 0.022 I 0002 Little Observed linearly polariZed light having a speci?ed polariZation axis 
Example 2 115 r 1 0.024 r 0.002 Little observed is transmitted, and the other light is re?ected. 

gXamPF/i 1% 88(1); 18-88; 5916 ogserveg 55 12. The optical element according to claim 10, Wherein 
xamp e r . r . itt e o serve - - 

Comparative 123 r 1 0.021 r 0.002 Little observed .rgtardancfn lflyer 1S1 Composed of one or tWO or more 
Example 1 iqui crysta po ymer ayers. ' ~ ' 
Comparative 109 r 1 0.023 r 0.002 Little observed 13- The optlcal element accordlng to Clalm 12> Whereln 
Example 2 the liquid crystal polymer layer is formed of a liquid crystal 
Comparative 152 r 7 0.010 r 0.010 Remarkable polymer of twisted Orientation 

Example 6O 14. The optical element according to claim 10, Wherein a 
Comparative 123 r 5 0.007 r 0.009 Remarkable 1 . . 1 t t . . d. h . b t . d. d 
Example 4 po ariZing p a e con aining a ic roic su s ance is ispose 

What is claimed is: 
1. A polariZer having a function of separating incident 

light into polariZed light through re?ection and transmission, 
Which has (a) a haZe of 10% or less, or (b) a ratio of parallel 

65 

on the 1A1 Wavelength plate. 
15. A lighting device comprising a surface light source, 

and the polariZer according to claim 1 or the optical element 
according to claim 10 disposed thereon. 

16. The lighting device according to claim 15, Wherein 
said device has at least one prism array layer. 
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17. The lighting device according to claim 16, wherein 
tWo or more prism array layers are arranged in a state in 
Which arranging directions of prism arrays in the upper and 
loWer layers intersect each other. 

18. Aliquid crystal display comprising the lighting device 
according to claim 15, and a liquid crystal cell arranged on 
a light outgoing side thereof, With a polariZing plate inter 
vening therebetWeen. 

19. The polariZer according to claim 1, comprising con 
stituent layers Which are all or partly adhered by means of 
adhesive layers. 

20. The optical element according to claim 10, comprising 
constituent Which layers are all or partly adhered by means 
of adhesive Layers. 

21. The lighting device according to claim 15, comprising 
constituent Which layers are all or partly adhered by means 
of adhesive layers. 

22. The liquid crystal display according to claim 18, 
comprising the constituent layers Which are all or partly 
adhered by means of adhesive layers. 

23. A polarizer having a function of separating incident 
light into polarized light through reflection and 
transmission, which has (a) a haze of10% or less, (b) a ratio 
of parallel transmitted light to incident light of 40 to 60%, 
(c) a ratio of mirror reflected light to the incident light of 
25% or more, a ratio of dijfusion reflected light to the 
incident light of 20% or less, and (e) a fraction of mirror 
reflected light to the whole reflected light of 60% or more. 

24. The polarizer according to claim 23, wherein (a) the 
in-plane dispersion of the haze is 6% or less, (b) the in-plane 
dispersion of the ratio of parallel transmitted light is 15% or 
less, (c) the in-plane dispersion of the ratio of mirror 
re?ected light is 10% or less, the in-plane dispersion of 
the ratio of dijfusion re?ected light is 10% or less, and (e) 
the in-plane dispersion of the fraction of mirror reflected 
light is 15% or less. 

25. The polarizer according to claim 23, wherein the ratio 
of transmitted light to incident light is from 40% to 65%. 

26. The polarizer according to claim 25, wherein the 
in-plane scatter of the ratio of transmitted light is 15% or 
less. 

27. The polarizer according to claim 23, wherein the ratio 
of dijfusion transmitted light to incident light is 10% or less. 

28. The polarizer according to claim 27, wherein the 
in-plane dispersion of the ratio of dijfusion transmitted light 
is 6% or less. 

29. The polarizer according to claim 23, wherein the 
function of separating incident light into polarized light 
through reflection and transmission is based on a 
Grandjean-oriented cholesteric liquid crystal layer 
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30. The polarizer according to claim 29, wherein helical 

pitch in Grandjean orientation of the cholesteric liquid 
crystal layer changes in the direction of thickness. 

31. The polarizer according to claim 29, wherein the 
cholesteric liquid crystal layer composed on a laminated 
product of two or more cholesteric liquid crystal polymer 
layers dijferent in center wavelengths of reflected light. 

32. An optical element comprising the polarizer accord 
ing to claim 23, and a 1%: wavelength formed by one or two 
or more retardation layers disposed on at least one side 

thereof. 
33. The optical element according to claim 32, wherein 

linearly polarized light having a speci?ed polarization axis 
is transmitted, and the other light is reflected. 

34. The optical element according to claim 32, wherein 
the retardation layer is composed of one or two or more 
liquid crystal polymer layers. 

35. The optical element according to claim 34, wherein 
the liquid crystal polymer layer is formed of a liquid crystal 
polymer of twisted orientation. 

36. The optical element according to claim 32, wherein a 
polarizing plate containing a dichroic substance is disposed 
on the 1%: wavelength plate. 

37. A lighting device comprising a surface light source, 
and the polarizer according to claim 23 or the optical 
element according to claim 32 disposed thereon. 

38. The lighting device according to claim 37, wherein 
said device has at least one prism array layer 

39. The lighting device according to claim 38, wherein 
two or more prism array layers are arranged in a state in 
which arranging directions of prism arrays in the upper and 
lower layers intersect each other. 

40. A liquid crystal display comprising the lighting device 
according to claim 37, and a liquid crystal cell arranged on 
a light outgoing side thereof, with a polarizing plate inter 
vening therebetween. 

41. The liquid crystal display according to claim 40, 
comprising the constituent layers which are all or partly 
adhered by means of adhesive layers. 

42. The lighting device according to claim 3 7, comprising 
constituent which layers are all or partly adhered by means 
of adhesive layers. 

43. The optical element according to claim 32, comprising 
constituent which layers are all or partly adhered by means 
of adhesive layers. 

44. The polarizer according to claim 23, comprising 
constituent layers which are all or partly adhered by means 
of adhesive layers. 
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