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LIGHT CONVERGING SYSTEM AND
TRANSMISSION LIQUID CRYSTAL DISPLAY

TECHNICAL FIELD

[0001] The present invention relates to a light condensing
system and a transmission liquid crystal display.

BACKGROUND ART

[0002] There has been known a technique in which lights
from a diffusion light source are condensed in the front
direction employing an evaporation band pass filter using a
Brewstars angle (for example, see the specification of GP
No. 3836995 A), or an optical film having an angle depen-
dency with respect to a transmittance and a reflectance, such
as a selective reflection characteristic of a cholesteric liquid
crystal using Bragg reflection (for example, see publications
of JP-A Nos. 2-158289, 6-235900, 10-321025 and the like).
With such optical films employed, a filter can be manufac-
tured that alters a reflectance according to an incidence angle
and that transmits light only through the front thereof in a
proper optical design. Light that cannot be transmitted
therethrough is not absorbed but reflected thereon returns
back to the light source side and is recycled, thereby
enabling a high efficiency light condensation characteristic
to be achieved.

[0003] Light collimation of the methods can be designed
so as to obtain a high parallelism and lights can be con-
densed and collimated within a narrow range of £20° or less
of the front direction. This is a high level that cannot be
acquired by a conventional backlight system with a prism
sheet or microdot array alone.

[0004] Alight shielding percentage of the light condensing
films is not perfect and a residual transmitted light in an
oblique direction has been recognized. In a case where a
shield wavelength bandwidth is narrow, problems have
occurred that a secondary transmission occurs in an oblique
direction which results in light passing-through in an oblique
direction only to be wasteful and, in addition, that coloring
oceurs because transmittance is different according to a
wavelength.

[0005] For example, in a case of a bright line type light
condensing element in which a band pass filter and a bright
line light source are combined, a necessary bright line is
transmitted only through the front but shield in an oblique
direction, whereas since three transmission wavelengths are
available, there has arisen a problem that with a large
incidence angle, a region transmitting green light in the front
shifts up to a blue bright-line region and thereby transmits
blue light. There has further arisen a problem that a region
transmitting red light shifts up to a green bright line region
and thereby transmits green light.

[0006] Proposal has been made of light condensation and
collimation with a bright line light source, an interference
film band pass filter and the like (for example, see the
specification of U.S. Pat. No. 4,984,872 and the specification
of U.S. P No. 2002/36735 A and the specification of U.S.
Pat. No. 6,307,604 and other). All of the patent literatures,
however, limit its description only to an effect of the vicinity
of the front but have given no solution to a problem of
secondary transmission at a large incidence angle.

[0007] No influence of a bright line is exerted on a total
reflection light condensing element obtained by a combina-

Aug. 18,2005

tion of reflection polarizers and a retardation plate. With a
large incidence angle, however, the element has had a
problem similar to that of a bright light type condensing
element with respect to occurrence of a blue shift of a
reflection characteristic and requires a performance of a
reflection characteristic in an infrared region in a case of
front incidence in order to maintain sufficient shielding.
Besides, the reflection polarizers are necessary to function
all over the wavelength band so as to enable a characteristic
of a retardation plate sandwiched therebetween to be cov-
ered.

[0008] The two kinds of light condensing elements
described above have not been able to cut off incidence light
sufficiently at a large angle when each is used alone because
of the problems. Therefore, a wavelength characteristic of a
transmission component is not uniform, resulting in uncom-
fortable coloring.

[0009] It is possible to shield secondary transmission in
design of a light condensing film. In order to realize the
shielding with a multilayer laminate structure composed of
materials having respective different refractive indexes and
retardation values, the number of layers of the laminate
structure increases, having caused a cost up. In a case where
shielding of secondary transmission is to be realized with a
cholesteric liquid crystal, a thickness of a liquid crystal layer
increases, again having led to a cost up. In addition to the
cost ups, there have arisen worries about adverse influences
on reliability or appearance originating from an internal
residual stress due to increase in thickness of an optically
functioning layer.

[0010] Ttisan object to provide a light condensing system
capable of effectively shielding passing-through in an
oblique direction, suppressing uncomfortable coloring, pre-
senting a good display and reducing a cost.

[0011] TItis another object to provide a transmission liquid
crystal display using the light condensing system.

DISCLOSURE OF THE INVENTION

[0012] The present inventors have been conducted serious
studies in order to solve the task with a resulted discovery of
the following transmission liquid crystal display, leading to
completion of the present invention. That is, the present
invention is as follows:

[0013]

[0014] abacklight system having a light source and a
first light condensing section (X) capable of con-
densing emitted light from the light source within
£60° of the front direction; and

[0015] a light condensing film with no patterned
structure as a second light condensing element (Y).

1. A light condensing system comprising:

[0016] 2. The light condensing system according to above
description 1, wherein

[0017] the backlight system having the first light
condensing section (X) is a light source and a
microprism sheet array disposed on the light source.
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[0018] 3. The light condensing system according to above
description 1, wherein

[0019] the backlight system having the first light
condensing section (X) is a miroprism formed light
guide combined with a light source.

[0020] 4. The light condensing system according to above
description 1, wherein

[0021] the backlight system having the first light
condensing section (X) is a formed light guide
combined with a light source.

[0022] 5. The light condensing system according to any of
above descriptions 1 to 4, wherein

[0023] the light condensing film used as the second
light condensing element (Y) has no patterned struc-
ture; therefore, neither a moiré nor an interference
fringe occurs between the light condensing film and
a regular pattern of another optical member by
applying the light condensing film to a liquid crystal
cell when optical observation is conducted from the
front side (a viewer side).

[0024] 6. The light condensing system according to any of
above descriptions 1 to 5, wherein

[0025] the light condensing film used as the second
light condensing element (Y) is a polarization ele-
ment (A) in a structure in which a retardation layer
(b) is disposed between at least two reflection polar-
izers (a) having respective polarized light selective
reflection wavelength bands superimposing on each
other.

[0026] 7. The light condensing system according to above
description 6, wherein

[0027] a reflection polarizer (a) is a circular polar-
ization type reflection polarizer (al) transmitting
circularly polarized light but selectively reflecting a
reverse circularly polarized light and

[0028] a retardation layer (b) has a retardation layer
(b1) having a front retardation (in the normal direc-
tion) of almost zero and a retardation of A/8 or more
relative to incident light incoming in a direction
inclined from the normal direction by 30° or more.

[0029] 8. The light condensing system according to above
description 6, wherein

[0030] the reflection polarizer (a) is a linear polar-
ization type reflection polarizers (a2) transmitting
one of linearly polarized lights perpendicular to each
other, but selectively reflecting the other thereof,

[0031] the retardation layer (b) comprises a retarda-
tion layer (b1) having a front retardation (in the
normal direction) of almost zero and a retardation of
A/4 or more relative to incident light incoming at a
direction inclined from the normal direction by 30°
or more,

[0032] layers (b2) each having a front retardation of
about /4 disposed on both sides of the retardation
layer (bl), one of the layers (b2) being disposed
between the retardation layer (bl) and a correspond-
ing linear polarization type reflection polarizer (a2)
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and the other of the layers (b2) being disposed
between the retardation layer (bl) and another linear
polarization type reflection polarizer (a2),

[0033] the layer (b2) on the incidence side is arranged
at an angle of 45° (-45°)£5° relative to the polar-
ization axis of the linear polarization type reflection
polarizer (a2) on the incidence side,

[0034] the layer (b2) on the emission side is arranged
at an angle of -45° (45°)£5° relative to the polar-
ization axis of the linear polarization type reflection
polarizer (a2) on the emission side, and

[0035] the layer (b2) on the incidence side and the
layer (b2) on the emission side are arranged at an
arbitrary angle formed between the respective slow
axes thereof.

[0036] 9. The light condensing system according to above
description 6, wherein

[0037] the reflection polarizers (a) is a linear polar-
ization type reflection polarizers (a2) each transmit-
ting one of linearly polarized lights perpendicular to
each other, but selectively reflecting the other
thereof,

[0038] the retardation layer (b) comprises two biaxial
retardation layers (b3) each having a front retarda-
tion of about A/4 and an Nz factor of 2 or more,

[0039] the slow axis direction of the layer (b3) on the
incidence side is arranged at an angle of 45°
(-45°)£5° relative to the polarization axis of the
linear polarization type reflection polarizer (a2) on
the incidence side,

[0040] the slow axis direction of the layer (b3) on the
emission side is arranged at an angle of -45°
(-45°)£5° relative to the polarization axis of the
linear polarization type reflection polarizer (a2) on
the emission side, and

[0041] the layer (b3) on the incidence side and the
layer (b3) on the emission side are arranged at an
arbitrary angle formed between the respective slow
axes thereof.

[0042] 10. The light condensing system according to
above description 6, wherein

[0043] the reflection polarizers (a) is a linear polar-
ization type reflection polarizers (a2) each transmit-
ting one of linearly polarized lights perpendicular to
each other, but selectively reflecting the other
thereof,

[0044] the retardation layer (b) comprises one biaxial
retardation layer (b4) having a front retardation of
about A/2 and an Nz factor of 1.5 or more,

[0045] the slow axis direction of the layer on the
incidence side is arranged at an angle of 45°
(-45°)%5° relative to the polarization axis of the
linear polarization type reflection polarizer (a2) on
the incidence side,

[0046] the slow axis direction of the layer on the
emission side is arranged at an angle of -45°
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(45°)£5° relative 1o the polarization axis of the linear
polarization type reflection polarizer (a2) on the
emission side, and

[0047] the polarization axes of the two linear polar-
ization type reflection polarizers (a2) are almost
perpendicular to each other.

[0048] 11. The light condensing system according to any
of above descriptions 1 to 5,

[0049] wherein the light condensing film used as the
second light condensing element (Y) is a band pass
filter and the light source has a bright line spectrum.

[0050] 12. The light condensing system according to
above description 11, wherein

[0051] the band pass filter is an evaporation-depos-
ited multilayer film band pass filter.

[0052] 13. The light condensing system according to
above description 11, wherein

[0053] the band pass filter is a cholesteric liquid
crystal band pass filter.

[0054] 14. The light condensing system according to
above description 11, wherein

[0055] the band pass filter is a band pass filter con-
stituted of a stretched film from a base material
extruded in multilayer laminate made of resin mate-
rials having respective different refractive indexes.

[0056] 15. The light condensing system according to
above description 11, wherein

[0057] the band pass filter is a band pass filter con-
stituted of a thin multilayer precision coating film
made of resin materials having respective different
refractive indexes.

[0058] 16. A transmission liquid crystal display compris-
ing at least:

[0059] a light condensing system according to any of
above descriptions 1 to 15;

[0060] a liquid crystal cell transmitting collimated
lights; and
[0061] polarization plates disposed on both sides of the

liquid crystal cell.
[0062] (Action)

[0063] The above light condensing system can dramati-
cally reduce a transmission component at a large angle and
thereby eliminate uncomfortable coloring by combination of
a backlight system having a first light condensing section
(X) within +60° of the front direction and a second light
condensing element (Y) having an angular range of light
condensation narrower than the first light condensing section
X).

[0064] Generally, secondary transmission of a second light
condensing element (Y) constituted of a bright light source
and an interference filter combined, or secondary transmis-
sion of a second light condensing element (Y) using a
polarization element (A) constituted of reflection polarizers
(2) and a retardation layer (b) combined is generated at a
large angle relative to the normal direction. Therefore,
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employed in the present invention, as shown in FIGS. 11
and 12, is a light condensing system constituted of a
backlight System (BLS) having the first light condensing
Section (X) and the second light condensing element (Y)
combined. In FIG. 11, the first light condensing section (X)
and a night source (L) are provided separately from each
other. A prism sheet or the like is exemplified as the first light
condensing section (X) shown in FIG. 11. In FIG. 12, the
first light condensing section (X) is built in the light source
(L) to form the backlight system (BLS). First condensation
of emitted light from the light source is effected by the first
light condensing section (X) to thereby reduce incident light
incoming at a large angle in an oblique direction. Thereby,
the second light condensing element (Y) is harder to have an
influence of leakage light in a region short of shielding,
thereby enabling uncomfortable coloring in the oblique
direction to be reduced. In a region high in parallelism in the
vicinity of the front, the light subjected to first light con-
demnation is further narrowed by second light condensation
with the second light condensing element (Y) to thereby
obtain high purity collimated light. FIGS. 13 and 14 is a
transmission liquid crystal display using a light condensing
system of FIG. 11 or 12. Polarization plates (PL) are
disposed on both sides of a liquid crystal cell (LC). The light
condensing system described above is arranged so that the
second light condensing element (Y) is disposed on the side
of the liquid crystal cell (LC). Note that in FIGS. 13 and 14,
the second light condensing element (Y) is laminated to the
liquid crystal cell (LC).

[0065] Note that generally a conventional first light con-
densing means has a patterned structure, light condensation
is achieved only up to a range of the order of within +50° and
has been difficult to be further narrowed to more of sharp-
ness. On the other hand, while the second light condensing
means can narrow light sharply, a leakage of a secondary
peak is observed.

[0066] In a light condensing system of the present inven-
tion, first light condensation to be required in the first light
condensing section (X) is within +60° and desirably within
+50°. This is because secondary transmission of a light
condensing film used as the second light condensing element
(Y) is observed generally in the range of from 60 to 70° as
shown in FIG. 21. By combining with a light source
generating substantially no emitted light at an angle at which
the secondary transmission component is generated, the
secondary transmission can be effectively shielded to
thereby efficiently reuse required light outgoing to outside a
display viewing angle range in essence because of secondary
transmission. Note that a graph shown in FIG. 21 is a
measurement result of a light condensation characteristic in
a case where a cholesteric liquid crystal band pass filter
described in Example 2 is employed as a second light
condensing element (Y) in a structure of FIG. 15. A liquid
crystal cell (LC), a light source (L) and polarizers (PL) in use
are similar to those in Example 2. Note that measurement of
a light condensation characteristic was conducted with
respect to an emitted light characteristic with Ez-Contrast
manufactured by ELDIM. The ordinate of FIG. 21 is
assigned to a brightness (in candela) and the abscissa is used
for plotting the values of an angle relative to the front
direction of emitted light from the light source. Measure-
ment results of a light condensation characteristic in the
present invention are all achieved by means of such a
measurement method.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0067] FIG. 11is a conceptional representation showing an
example of the fundamental principle for collimation of a
polarization element (A).

[0068] FIG. 2 is diagrams describing each of the states of
lights in FIGS. 1, 3, 4, 6 and 8.

[0069] FIG. 3 is a conceptional view showing conversion
of linearly polarized light to circular polarization.

[0070] FIG. 4 is a conceptional representation showing an
example of the fundamental principle of collimation of a
polarization element (A).

[0071] FIG. 5 is an example showing arrangement angles
of each of the layers for collimation using a linear polar-
ization type reflecting polarization element (a2).

[0072] FIG. 6 is a conceptional representation showing an
example of the fundamental principle for collimation of a
polarization element (A).

[0073] FIG. 7 is an example showing arrangement angles
of each of the layers for collimation using a linear polar-
ization type reflecting polarization element (a2).

[0074] FIG. 8 is a conceptional representation showing an
example of the fundamental principle for collimation of a
polarization element (A).

[0075] FIG. 9 is an example showing arrangement angles
of each of the layers for collimation using a linear polar-
ization type reflecting polarization element (a2).

[0076] FIG. 10 is a conceptional representation showing a
direct solution of a moiré.

[0077] FIG. 11 is an example of schematic view of a light
condensing system of the present invention.

[0078] FIG. 12 is an example of schematic view of a light
condensing system of the present invention.

[0079] FIG. 13 is an example of schematic view of a
transmission liquid crystal display of the present invention.

[0080] FIG. 14 is an example of schematic view of a
transmission liquid crystal display of the present invention.

[0081] FIG. 15 is a schematic view of a transmission
liquid crystal display when a light condensation character-
istic of a second light condensing element (Y) alone is
measured in Examples 1 and 2.

[0082] FIG. 16 is a schematic view of a transmission
liquid crystal display in Examples 1 and 2.

[0083] FIG. 17 is a schematic view of a transmission
liquid crystal display when a light condensation character-
istic of a second light condensing element (Y) alone is
measured in Example 3.

[0084] FIG. 18 is a schematic view of a transmission
liquid crystal display in Example 3.

[0085] FIG. 19 is a schematic view of a transmission
liquid crystal display when a light condensation character-
istic of a second light condensing element (Y) alone is
measured in Example 4.

[0086] FIG. 20 is a schematic view of a transmission
liquid crystal display in Example 4.
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[0087] FIG. 21 is a graph showing a light condensation
characteristic of a second light condensing element (Y)
alone in Example 2.

[0088] FIG. 22 is a graph showing a wavelength charac-
teristic of a second light condensing element (Y) in Example
1.

[0089] FIG. 23 is a graph showing a light condensation
characteristic of a second light condensing element (Y)
alone in Example 1.

[0090] FIG. 24 is a graph showing a light condensation
characteristic in a case where a backlight system having a
first light condensing section (X) and a second light con-
densing element (Y) are combined in Example 1.

[0091] FIG. 25 is a graph showing a wavelength charac-
teristic of a second light condensing element (Y) in Example
2.

[0092] FIG. 26 is a graph showing a light condensation
characteristic in a case where a backlight system having a
first light condensing section (X) and a second light con-
densing element (Y) are combined in Example 2.

[0093] FIG. 27 is a graph showing a wavelength charac-
teristic of a second light condensing element (Y) in Example
3.

[0094] FIG. 28 is a graph showing a light condensation
characteristic in a case where a backlight system having a
first light condensing section (X) and a second light con-
densing element (Y) are combined in Example 3.

[0095] FIG. 29 is a graph showing a wavelength charac-
teristic of a second light condensing element (Y) in Example
4.

[0096] FIG. 30 is a graph showing a light condensation
characteristic in a case where a backlight system having a
first light condensing section (X) and a second light con-
densing element (Y) are combined in Example 4.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0097] Alight condensing system of the present invention
has a backlight system including a light source (L) and a first
light condensing section (X). Either of a direct under type
backlight and a side type backlight can be adopted as the
light source (L). The side type backlight has a light guide
plate. The first light condensing section (X) may be either
placed on the light source (L) or incorporated in the light
source (L).

[0098] As the first light condensing section (X), exempli-
fied is a microprism sheet array. Further exemplified are a
microprism formed light guide combined with a light
source, a microdot formed light guide combined with a light
source, and the like. Still further, exemplified is a combi-
nation thereof. To be concrete, as a backlight system having
a first light condensing section (X), examples thereof that are
preferably used include: a light guide plate high in direc-
tivity, obtained by carving a microprism array and a micro-
dot array on a surface of a wedge-shaped light guide, and
having a range of emitted light confined in the vicinity of the
front; and a backlight system in which emitted light is
confined in the front direction with a microprism sheet.
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[0099] Any of backlight systems each having the first light
condensing section (X) may be used without placing a
specific limitation on anything as far as it has a characteristic
that emitted light from a light source is condensed within
+60° relative to the front direction. Therefore, any backlight
systern having a first light condensing section (X) can be set
with respect to arrangement thereof, as far as it has the light
condensing characteristic, without placing a specific limita-
tion on a kind of a light source, a kind of a light guide plate,
a material or the like of a prism light condensing sheet
serving as a first light condensing section (X) and arrange-
ment thereof can be properly set.

[0100] In abacklight system having a first light condens-
ing section (X), it is determined whether or not the system
has a characteristic that emitted light from a light source is
condensed within +60° relative to the front direction in the
following way. That is, measurement of a light condensation
characteristic in a backlight system having a first light
condensing section (X) is conducted by means of a method
similar to that as described above (whereas a first light
condensing section (X) is used instead of a second light
condensing element (Y)). Herein, a characteristic condens-
ing emitted light within £60° of the front direction is of a
case where in connection with a brightness value as mea-
sured when an angle relative to the front direction of emitted
light is altered, an angle at which a brightness value takes a
half value the maximum brightness value as a reference in
the front direction lies within +60° of the front direction.

[0101] On the other hand, a light condensing film used as
a second light condensing element (Y) in use has no pat-
terned structure. Since the light condensing film has no
patterned structure, neither a moiré nor an interference
fringe occurs with a regular pattern of one of other optical
members when optical observation is conducted from the
front side (a viewer side) in a case where the light condens-
ing film is applied to a liquid crystal cell.

[0102] A determination on whether or not a light condens-
ing film used as a second light condensing element (Y)
interferes with a regular pattern of one of other optical
members to produce a moiréor an interference fringe when
an optical observation is conducted from the front side (the
viewer side) can be made, for example, by laminating
polarization plates on both sides of a liquid crystal cell (TFT
liquid crystal display cell) and rotating a composite member
obtained by laminating the light condensing film on the
backlight side to then visually observe it.

[0103] Any of light condensing films used as such a
second light condensing element (Y) can be employed
without placing a specific limitation on either a material or
a way of manufacture thereof. For example, in a case where
a light condensing film is combined with a light source
having a bright-line spectrum, a band pass filter is used as
the light condensing film. On the other hand, without placing
a limitation on a kind of a light source, a polarization
element (A) in a structure in which a retardation layer (b) is
disposed between at least two reflection polarizers (a) hav-
ing respective polarization light selective reflection wave-
length bands superimposing on each other can be used as the
light condensing film. Note that while both cases are optical
systems in which secondary transmission occurs in the
vicinity of the angular range of 60 to 70°, the secondary
transmission can be prevented adopting a structure of the
present invention.
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[0104] Examples of band pass filters that can be preferably
used include: an evaporation-deposited multilayer film band
pass filter; a cholesteric liquid crystal band pass filter; a band
pass filter constituted of a stretched film from a base material
extruded in multilayer laminate made of resin materials
having respective different refractive indexes; and a band
pass filter constituted a thin multilayer precision coating film
made of resin materials having respective different refractive
indexes.

[0105] Description will be given of a polarization element
(A) below. Description will be given of a mechanism of
simultaneous revelation of light condensation and improve-
ment on brightness in a case where a polarization element
(A) is employed. The present invention will be described
with an ideal model as follows:

[0106] FIG. 1 is a descriptive representation showing a
principle in a case where a circular polarization type reflect-
ing polarizer (al) is used as a reflecting polarizer (a). In FIG.
1, as a polarization element (A), a circular polarization type
reflection polarizer (al), a retardation layer (bl) and a
circular polarization type reflection polarizer (al) are dis-
posed in the order starting at the backlight side (the lower
side).

[0107] A working principle is as described in the steps 1)
to 3):

[0108] 1) With the circular polarization type reflection
polarizer (al) separating a polarized light by reflection,
incident light is divided into transmitted light and reflected
light by a rotational sense of polarization of incident light.
Therefore, no absorption loss occurs.

[0109] 2) With a special retardation plate (b1) having a
front retardation of almost zero and a retardation in an
oblique direction of a value, front incident light passes as is.

[0110] 3) Incident light in an oblique direction is not
absorbed and returned back as reflected light. The reflected
light is repeatedly reflected till the light is converted to a
transmitted light.

[0111] The retardation plate (bl) is generally referred to as
a negative C plate (negative retardation plate) or a positive
C plate (positive retardation plate). The retardation plates
(b1) have properties that in the vertical direction (the normal
direction), a retardation is close to zero, while when being
inclined, a retardation occurs. As typical negative C plates,
exemplified are to be concrete: a biaxially stretched poly-
carbonate film and polyethylene terephthalate film, a film
made of a cholesteric liquid crystal, and having a selective
reflection wavelength band set to be shorter than visible
light, a film made of a discotic liquid crystal aligned in
parallel to a plane and a film made of an inorganic crystalline
compound, having a negative retardation, and obtained by
in-plane alignment. As a typical positive C plate, exempli-
fied is, to be concrete: a liquid crystal film obtained in
homeotropic alignment.

[0112] Acircular polarization type reflection polarizer (al)
in use is a polarizer in which a cholesteric liquid crystal is
mainly aligned and a twist pitch is adjusted and fixed (for
example, a laminate of plural films having respective dif-
ferent selective reflection central wavelengths or a film in a
single layer and having a pitch altering in the thickness
direction) so that a selective reflection wavelength band
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covers a visible light region/a light source emission wave-
length band; or the like. The circular polarization type
reflection polarizers (al) disposed on both sides of the
retardation plate (bl) of FIG. 1 in use are preferably
polarizers with the same rotational sense of transmitted
circularly polarized light as each other.

[0113] Since a circular polarization type reflection polar-
izer (al) and the retardation plate (b1) can be used without
designating an adherence direction because of almost non-
existence of axes in an in-plane direction for both. Hence, an
angular range of confinement of collimation has isotropic/
symmetrical characteristics.

[0114] Note that description below is given based on the
figures; marks (r) are assigned as shown in FIG. 2 such that
(1) indicate natural light, (ii) circularly polarized light and
(iii) linearly polarized light. The circularly polarized light
(ii) is divided into (ii)-1 and (ii)-2, which have respective
arrow marks reverse in sense of rotation from each other.
This means that senses of rotation of both circularly polar-
ized light are reverse to each other. The (iii)-1 and (iii)-2
mean that polarization axes of both are perpendicular to each
other.

[0115] Description will be given of a case where the
circular polarization type reflection polarizers (al) shown in
FIG. 1 arc used as a reflecting polarizer (2), following
changes in lights in collimation.

[0116] 1) Light vertically impinging on the circular polar-
ization type reflection polarizer (al) included in natural light
supplied from a backlight is polarization separated into
transmitted light (r3) and reflected light (r2). The transmitted
light and the reflected light are reverse in rotational sense of
circular polarization to each other.

[0117] 2) The transmitted light (r3) passes through the
retardation layer (bl) as is.

[0118] 3) Transmitted light (r4) further passes through the
circular polarization type reflection polarizer (al) as is.

[0119] 4) Transmitted light (r5) is used in a liquid crystal
display disposed thereon.

[0120] 5) On the other hand, light obliquely impinging on
the circular polarization type reflection polarizer (al)
included in natural light (r6) supplied from the backlight is
polarization separated into transmitted light (r8) and a
reflected light (r7). The transmitted light and the reflected
light are reverse in rotational sense of circular polarization
to each other.

[0121] 6) Transmitted light (r8) is affected in retardation
while passing through the retardation layer (bl). When
retardation value of ¥ wavelength is given, circularly polar-
ized light changes a current rotational sense thereof to a
reverse rotational sense. Hence, a rotational sense of the
transmitted light (r8) is inverted after transmission of the
retardation layer (bl).

[0122] 7) Transmitted light (r9) is emitted with a reverse
rotational sense under an influence of retardation.

[0123] 8) The transmitted light (r9) with a reverse rota-
tional sense is reflected back on the circular polarization
type reflection polarizer (al). It has been generally known
that a rotational sense of a circularly polarized light is
inverted when being reflected (W. A. Shurcliff, Polarized
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Light: Production and Use, (Harvard University Press, Cam-
bridge, Mass., 1966). As an exception, it has been known
that in a case of reflection on a cholesteric liquid crystal
layer, no change in rotational sense occurs. Herein, since
reflection is performed on a cholesteric liquid crystal sur-
face, no change occurs in either of rotational senses of
circular polarization of the transmitted light (r9) and the
reflected light (r10).

[0124] 9) The reflected light (r10) receives an influence of
retardation while passing through the retardation layer (b1).

[0125] 10) Transmitted light (r11) is inverted in rotational
sense thereof under an influence of retardation.

[0126] 11) The transmitted light (r11) returns back with
the same rotational sense as the transmitted light (r8)
because of inversion of a rotational sense passes through the
circular polarization type reflection polarizer (al) as is.

[0127] 12) Reflected light (12, r7 and r12) returns back to
the backlight side and recycled. These returned light is
repeatedly reflected till the light changes propagation direc-
tions and a rotational sense of polarization at random by a
diffusion plate and others disposed in the backlight and
thereby converted to light that can again transmit in the
vicinity of the normal direction to a polarizer (A), thereby
contributing to brightness enhancement.

[0128] 13) Since the transmitted circularly polarized light
(r5) can be converted to linearly polarized light by disposing
a A4 plate, the light can be used in a liquid crystal display
without causing absorption loss.

[0129] In connection with a transmittance and reflectance
of the circular polarization type reflection polarizer (al)
using a cholesteric liquid crystal, a wavelength characteristic
of a transmitted light shifts to the short wavelength side
relative to incident light in an oblique direction. Therefore,
in order to function sufficiently on incident light at a deep
angle, a necessity arises that a sufficient polarization char-
acteristic/retardation characteristic is ensured in the long
wavelength side outside the visible light region. While the
retardation layer (b1) used in this system, ideally and
theoretically, would have only to have a retardation of ¥
wavelength, to be exact, in an oblique direction, a circular
polarization type reflection polarizer (al: a cholesteric liquid
crystal layer) actually used has a property as a negative
retardation plate to some extent. Hence, the retardation layer
(b1) can exert the optical function of the present invention
if the layer has a retardation of % wavelength or more in an
oblique direction.

[0130] In a case where the reflection polarizer (a) is a
linear polarization type reflection polarizer (a2), an optical
axis relative to a light incident a C plate in an oblique
direction is always perpendicular to a light direction, for
example, if the C plate (retardation layer (b1)) is used alone
as a retardation layer. Hence, retardation is not produced to
thereby cause no polarization conversion. Therefore, in a
case where the linear polarization type reflection polarizer
(a2) is employed, A/4 plates (b2) each having the slow axis
direction at an angle of 45° or —45° relative to the polar-
ization axis of the linear polarization type reflection polar-
izer (a2) are disposed on both sides of the C plate. With such
a construction applied, an operation can be performed that
the linearly polarized light is converted to a circularly
polarized light with the A/4 plate (b2), thereafter, the circu-
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larly polarized light is converted to an inverted circularly
polarized light by a retardation of the C plate and the
circularly polarized light can be again converted to linearly
polarized light with the A/4 plate (b2).

[0131] FIG. 3 is a conceptional view showing a process in
which natural light is polarization separated to a linearly
polarized light with the linear polarization type reflection
polarizer (a2) and further converted to circularly polarized
light with the A/4 plate (b2).

[0132] FIG. 4 is a conceptional representation in a case
where a linear polarization type reflection polarizer (a2) is
employed as the reflection polarizer (). In FIG. 4, as the
polarizing element (A), a linear polarization type reflection
polarizer (a2), a A/4 plate (b2), a retardation layer (b1) and
a linear polarization type reflection polarizer (a2) are dis-
posed in the order starting at the backlight side (the lower
side).

[0133] FIG. 5 is an example of laminate angles of respec-
tive films in a collimation system shown in FIG. 4. A double
head arrow mark shown on a linear polarization type reflec-
tion polarizer (a2) is the polarization axis and a double head
arrow mark shown on the /4 plate (b2) is the slow axis. Two
pairs of the polarization axis of a linear polarization type
reflection polarizer (a2) and the slow axis of a A/4 plate (b2)
are arranged on both sides of the C plate: the retardation
layer (b1) so as to be at an angle of 45° (=45°)£5° relative
to each other. The combinations are shown as setl and set 2,
respectively. Note that an angle formed between the axes of
the A/4 plates (b2) on the incidence side and the emission
side is arbitrary.

[0134] If an angle formed between a polarization axis of
the linear polarization type reflection polarizer (a2) and a
slow axis of the A/4 plate (b2) is maintained at a value of 45°
(-45°) relative to each other, the setl and the set2 may be
rotated. Since the C plate: the retardation layer (bl) has no
axis direction in a plane, the C plate can be disposed without
designation of an angle.

[0135] Description will be given, following changes in
collimated lights shown in FIGS. 4 and 5.

[0136] 1) Part of natural light (r14) supplied from a
backlight vertically impinges on the linear polarization type
reflection polarizer (a2).

[0137] 2) The linear polarization type reflection polarizer
(a2) transmits linearly polarized light (r15) and reflects
linearly polarized light (r16) in a direction perpendicular
thereto.

[0138] 3) The linearly polarized light (r5) transmits
the A/4 plate (b2) and is converted to circularly
polarized light (r17).

[0139] 4) The circularly polarized light (rl7) passes
through the retardation layer (b1) as is.

[0140] 5) Circularly polarized light (r18) passes through
the A/4 plate (b2) and is converted to linearly polarized light
(r19).

[0141] 6) The linearly polarized light (r19) passes through
the linear polarization type reflecting polarizer (a2) as is.

[0142] 7) Lincarly polarized light (r20) impinges on a
liquid crystal display disposed thereon and transmitted
through without a loss.
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[0143] &) On the other hand, part of natural light (121)
supplied from the backlight impinges obliquely on the linear
polarization type reflection polarizer (a2).

[0144] 9) The linear polarization type reflection polarizer
(22) transmits a linearly polarized light (r22) and reflects
lincarly polarized light (r23) in a direction perpendicular
thereto.

[0145] 10) The linearly polarized light (r22) transmits the
A/4 plate (b2) and is converted to circularly polarized light
(r24).

[0146] 11) The circularly polarized light (r24) is affected
of a retardation of % wavelength and a rotational sense
thereof is inverted while passing through the retardation
layer (bl).

[0147] 12) Circularly polarized light (r25) with a reverse
rotational sense passes through the A/4 plate (b2) and is
converted to linearly polarized light (r26).

[0148] 13) The linearly polarized light (126) is reflected
back on the linear polarization type reflection polarizer (a2)
and converted to linearly polarized light (r27).

[0149] 14) The linearly polarized light (R27) passes
through the A/4 plate (b2) and is converted to circularly
polarized light (r28).

[0150] 15) The circularly polarized light (128) is affected
of a retardation of % wavelength and a rotational sense
thereof is inverted while passing through the retardation
layer (bl).

[0151] 16) Circularly polarized light (r29) with a reverse
rotational sense passes through the A/4 plate (b2) and is
converted to linearly polarized light (r30).

[0152] 17) The linearly polarized light (r30) passes
through the linear polarization type reflection polarizer (a2)
as is.

[0153] 18) Reflected light (116, r23 and r31) returns back
to the backlight side and recycled.

[0154] While in an ideal system, an angle between the
slow axis of a A/4 plate (b2) described herein and the
polarization axis of a linear polarization type reflection
polarizer (a2) theoretically in essence is 45°, characteristics
of the linear polarization type reflection polarizer (a2) and
the A/4 plate (b2) in a practical case are not perfect in the
visible light region and each have a subtle change according
to a wavelength. If this is neglected and lamination is
conducted at 45° there arises a case where coloration
occurs.

[0155] Therefore, by shifting an angle slightly to compen-
sate a hue, optimization of the system in the entirety can be
reasonably realized. On the other hand, if an angle is largely
shifted, there arise other problems such as reduction in
transmittance and others. Therefore, it is desirable that
adjustment is actually performed within a range of the order
of +5°.

[0156] In connection with a transmittance and reflectance
of the linear polarization type reflection polarizer (a2), that
a wavelength characteristic of a transmitting light shifts
relative to incident light in an oblique direction to the short
wavelength side is the same as in the circular polarization
type reflection polarizer (al) using a cholesteric liquid
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crystal. Therefore, in order to function sufficiently on inci-
dent light at a deep angle, a necessity arises that a sufficient
polarization characteristic/retardation  characteristic  is
ensured in the long wavelength side outside the visible light
region.

[0157] The linear polarization type reflection polarizer
(a2) has a smaller negative retardation characteristic of its
own as compared with that of a cholesteric liquid crystal.
Therefore, a retardation in an oblique direction (an inclina-
tion of 30°) of the retardation layer (bl) used by being
inserted between the linear polarization type reflection
polarizers (a2) is somewhat larger than in the case of the
circular polarization type reflection polarizers (al) using a
cholesteric liquid crystal and preferably % wavelength or
more.

[0158] In a case where the reflection polarizer (a) is the
linear polarization type reflection polarizer (a2), which is
different from the above described case, a similar effect can
also be obtained by replacing the structure in which the C
plate: the retardation layer (b1) is sandwiched between the
two A/4 plates (b2) with two biaxial retardation layers (b3)
cach of which has a front retardation of about A/4, and a
retardation in the thickness direction of about A/2 or more.
Such a biaxial retardation layer (b3) with an Nz factor of 2
or more satisfies the above described required conditions.

[0159] FIG. 6 is a conceptional representation in a case
where the linear polarization type reflection polarizers (a2)
are adopted as reflection polarizers (a) and the biaxial
retardation layers (b3) is employed. In FIG. 6, as a polar-
ization element (A), a linear polarization type reflection
polarizer (a2), a biaxial retardation layer (b3), a biaxial
retardation layer (b3) and a linear polarization type reflec-
tion polarizer (a2) are disposed in the order starting at the
backlight side (the lower side).

[0160] FIG. 7 is an example of laminate angles of films in
the collimation system shown in FIG. 6. A double head
arrow mark shown on a linear polarization type reflection
polarizer (a2) is the polarization axis; a double head arrow
shown on a retardation layer (bl) is the slow axis. The
polarization axis of a linear polarization type reflection
polarizer (a2) and the slow axis of a biaxial retardation layer
(b3) are arranged at an angle of 45° (-45°)£5° therebetween.
The combinations are indicated by set 1 and set 2, respec-
tively.

[0161] For ease in description of optical paths, there is
exemplified a case where the linear polarization type reflec-
tion polarizers (a2) disposed one above the other have the
respective polarization axes parallel to each other and slow
axes of the two biaxial retardation layers (b3) one on the
other are perpendicular to each other. The biaxial retardation
layers (b3) one on the other has the respective slow axes
forming an arbitrary angle therebetween. The set 1 and set
2 may be rotated as far as an angle between the polarization
axis of a linear polarization type reflection polarizer (a2) and
the slow axis of a biaxial retardation layer (b3) is maintained
at a value of 45° (-45°) relative to each other.

[0162] Description will be given, following changes in
collimated lights shown in FIGS. 6 and 7.

[0163] 1) Part of natural light (r32) supplied from a
backlight impinges vertically on the linear polarization type
reflection polarizer (a2).
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[0164] 2) The linear polarization type reflection polarizer
(22) transmits linearly polarized light (r33) and reflects
linearly polarized light (t34) in a direction perpendicular to
the linearly polarized light (r33).

[0165] 3) The linearly polarized light (:33) transmits the
two biaxial retardation layers (b3) each with a front retar-
dation of about ¥ wavelength. Herein, since the slow axes
of the two biaxial retardation layers (b3) one on the other are
perpendicular to each other at 90°, the front retardation is 0.
Therefore, linearly polarized light (135) passes through as is.

[0166] 4) The linearly polarized light (r35) passes through
the linear polarization type reflection polarizer (a2) as is.

[0167] 5) Lincarly polarized light (r36) impinges on a
liquid crystal display and transmitted without a loss.

[0168] 6) On the other hand, part of natural light (:37)
supplied from the backlight impinges obliquely on the linear
polarization type reflection polarizer (a2).

[0169] 7) The linear polarization type reflection polarizer
(a2) transmits linearly polarized light (r38) and reflects
linearly polarized light (r39) in a direction perpendicular to
thereof.

[0170] 8) The linearly polarized light (r38) impinges
obliquely on the two biaxial retardation layers (b3). Since
the two biaxial retardation layers (b3) each have a front
retardation of % wavelength and an Nz factor of 2 or more,
linearly polarized light (r40) transmitted through the two
biaxial retardation layers (b3) changes the polarization axis
direction thereof by 90° because of a change in retardation
in the thickness direction.

[0171] 9) Linearly polarized light (r40) impinges on the
linear polarization type reflection polarizer (a2).

[0172] 10) Since the linear polarization type reflection
polarizers (a2) one above the other have the polarization
axes in the same direction, the linearly polarized light (r40)
is reflected as a reflected light (r41).

[0173] 11) The reflected light (r41) is atfected of a retar-
dation while passing through the two biaxial retardation
layers (b3) in a similar way to that in the step 8) to thereby
form linearly polarized light (142) with the polarization axis
direction thereof rotated by 90°.

[0174] 12) The linearly polarized light (r42) passes
through the linear polarization type reflection polarizer (a2)
as is.

[0175] 13) Reflected light (134, 139 and r43) returns back
to the backlight side and recycled.

[0176] The polarization element (A) shown in FIGS. 6
and 7 have the two biaxial retardation layers (b3), having a
front retardation of about ¥ wavelength and an Nz factor of
2 or more, laminated one on the other each. This structure
can produces almost the same characteristic as in the case
employing a three layered laminate of the structure in which
the C plate: the retardation layer (bl) is sandwiched between
the two A/4 plates (b2), which is shown in FIGS. 4 and 5.
Therefore, the number of laminated layers is smaller and
productivity is somewhat more excellent than the above
described polarization element (A).

[0177] While in an ideal system, an angle between the
slow axis of a retardation plate (b3) and the polarization axis
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of a linear polarization type reflection polarizer (a2)
described herein theoretically in essence is 45°, character-
istics of the linear polarization type reflection polarizer (a2)
and the retardation layer (b3) in a practical case are not
perfect in the visible light region and each have a subtle
change according to a wavelength. If this is neglected and
lamination is conducted at 45°, there arises a case where
coloration occurs.

[0178] Therefore, by shifting an angle slightly to compen-
sate a hue, optimization of the system in the entirety can be
reasonably realized. On the other hand, if an angle is largely
shifted, there arises a case where other problems such as
reduction in transmittance and others occur. Therefore, it is
desirable that adjustment is actually performed within a
range of the order of £5°.

[0179] In connection with a transmittance and reflectance
of the linear polarization type reflection polarizer (a2), that
a wavelength characteristic of transmitted light shifts rela-
tive to incident light in an oblique direction to the short
wavelength side is the same as the circular polarization type
reflection polarizer (al) using a cholesteric liquid crystal.
Therefore, in order to function sufficiently on incident light
at a deep angle, a necessity arises that a sufficient polariza-
tion characteristic/retardation characteristic is ensured in the
long wavelength side outside the visible light region.

[0180] In a case where a reflection polarizer (a) is a linear
polarization type reflection polarizer (a2), a similar effect
can also be obtained by disposing a biaxial retardation layer
(b4) having a front retardation of about A/2 and a retardation
in the thickness direction of A/2 or more as a retardation
layer (b). Such a biaxial retardation layer (b4) with an Nz
factor of 1.5 or more satisfies the above described required
conditions.

[0181] FIG. 8 is a conceptional representation in a case
where a linear polarization type reflection polarizer (a2) is
employed as a reflection polarizer (a). In FIG. 8, as the
polarization element (A), a linear polarization type reflection
polarizer (a2), a biaxial retardation layer (b4) and a linear
polarization type reflection polarizer (a2) are disposed in the
order starting at the backlight side (the lower side).

[0182] FIG. 9 is an example of laminate angles of films in
the collimation system shown in FIG. 8. A double head
arrow mark shown on a linear polarization type reflection
polarizer (a2) is the polarization axis and, a double head
arrow shown on a retardation layer (b4) is the slow axis. The
polarization axes of the linear polarization type reflection
polarizer (a2) one above the other are arranged so as to be
perpendicular to each other. The slow axis of a biaxial
retardation layer (b4) and the polarization axis of a linear
polarization type reflection polarizer (a2) are arranged at an
angle of 45° (-45°)£5° therebetween.

[0183] Description will be given, following changes in
collimated lights in the above described example shown in
FIGS. 8 and 9.

[0184] 1) Part of natural light (r47) supplied from a
backlight impinges vertically on the linear polarization type
reflection polarizer (a2).

[0185] 2) The linear polarization type reflection polarizer
(a2) transmits linearly polarized light (r48) and reflects
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linearly polarized light (149) in a direction perpendicular to
the linearly polarized light (r48).

[0186] 3) The linearly polarized light (r48) transmits the
biaxial retardation layer (b4) with a front retardation of
about %> wavelength and converted to linearly polarized light
(r50) and a direction of the polarization axis thereof is
rotated by 90°.

[0187] 4) The linearly polarized light (r50) passes through
the linear polarization type reflection polarizer (a2) as is.

[0188] 5) Transmitted linearly polarized light (¢51)
impinges on a liquid crystal display and is transmitted
without a loss.

[0189] 6) On the other hand, part of natural light (r52)
supplied from the backlight impinges obliquely on the linear
polarization type reflection polarizer (a2).

[0190] 7) The linear polarization type reflection polarizer
(a2) transmits linearly polarized light (r53) and reflects
linearly polarized light (r54) in a direction perpendicular to
the linearly polarized light (r53).

[0191] 8) The linearly polarized light (r53) impinges
obliquely on the biaxial retardation layer (b4). Since the
biaxial retardation layer (b4) has a front retardation of about
% wavelength and an Nz factor of 2 or more due to the effect
of the retardation in the thickness direction, the linearly
polarized light (r53) transmits the biaxial retardation layer
(b4) as a linearly polarized light (r55) in the same state as the
linearly polarized light (r53) with respect of a direction of
the polarization axis.

[0192] 9) Transmitted linearly polarized light (r55) is
reflected on the linear polarization type reflection polarizer
(22) and converted to reflected light (r56).

[0193] 10) The reflected light (r56) impinges on the retar-
dation layer (b4). On this occasion, the reflected light (156)
transmits without altering the axis direction.

[0194] 11) Transmitted linearly polarized light (r57)
passes through the linear polarization type reflection polar-
izer (a2) as is, as linearly polarized light (r58).

[0195] 12) Reflected light (149, r54 and r58) returns back
to the backlight side and recycled.

[0196] The polarization element (A) shown in FIGS. 8
and 9 include the single biaxial retardation layer (b4) having
a front retardation of about ¥2 wavelength and an Nz factor
of 1.5 or more. This structure can produce almost the same
characteristic as in the case where the three layered laminate
in a structure in which the C plate: the retardation layer (b1)
is sandwiched between the two A/4 plates (b2), which is
shown in FIG. 4 or 5. Therefore, the number of layers in the
laminate is less and somewhat more excellent in productiv-
ity as compared with those of the above described polariza-
tion element (A). Moreover, the polarization element (A)
shown in FIGS. 8 and 9 is more excellent than the case
where a two layer laminate is used as sown in FIGS. 6 and
7.

[0197] While in an ideal system, an angle between the
slow axis of the retardation plate (b4) and the polarization
axis of a linear polarization type reflection polarizer (a2)
described herein theoretically in essence is 45°, character-
istics of the linear polarization type reflection polarizer (a2)
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and the retardation plate (b4) in a practical case are not
perfect in the visible light region and each have a subtle
change according to a wavelength. If this is neglected and
lamination is conducted at 45°, there arises a case where
coloration occurs.

[0198] Therefore, by shifting an angle slightly to compen-
sate a hue, optimization of the system in the entirety can be
reasonably realized. On the other hand, if an angle is largely
shifted, there arises a case where other problems such as
reduction in transmittance and others occur. Therefore, it is
desirable that adjustment is actually performed within a
range of the order of +5°.

[0199] In connection with a transmittance and reflectance
of the linear polarization type reflection polarizer (a2), that
a wavelength characteristic of a transmitted light shifts
relative to incident light in an oblique direction to the short
wavelength side is the same as the circular polarization type
reflection polarizer (al) using a cholesteric liquid crystal.
Therefore, in order to function sufficiently on incident light
at a deep angle, a necessity arises that a sufficient polariza-
tion characteristic/retardation characteristic is ensured in the
long wavelength side outside the visible light region.

[0200] A polarization element (A), as shown in FIGS. 1 to
9, has a retardation layer (b) converting light impinging at an
incidence angle of 30° inclined from the normal direction to
polarized light with an axis direction to be reflected by two
reflection polarizers (a) and the polarization element (A)
functions a total reflection at an incidence angle of 30° not
to transmit light at an incidence angle close to 30°. The
polarization element (A) has a substantially high transmit-
tance at an incidence angle in the range of the order of from
+15° to £20° inclined from the normal direction while light
at an incidence angle higher than the range is reflected and
recycled. Hence, transmitted lights from a light source are
concentrated in the above range and condensed and colli-
mated.

[0201] Thus obtained beam collimated backlight, as fea-
tures thereof, is thinner and makes a light source with a high
light parallelism to be obtained with more of ease than in a
conventional practice. In addition, since collimation is real-
ized by polarizing reflection substantially without absorp-
tion loss, reflected non-collimated light component returns
to the backlight side and scattering reflected, wherein only
a collimated light component of the scattered reflected light
is extracted for recycling, which process is repeated, thereby
enabling a substantially high transmittance and a substan-
tially high light utilization efficiency to be achieved.

[0202] A retardation anisotropy control type collimating
means used in this invention is characterized by that no
in-plane fine structure is visually recognized when being
viewed along a surface direction in optical observation,
absolutely no interference is observed between liquid crystal
pixels, a black matrix, a film having a fine structure used in
a collimating means, a glare-treated surface as the outermost
surface of the liquid crystal display and others, which fine
structures are no cause for a moiré.

[0203] A moiré, shown in FIG. 10, is a pattern of darkness
and brightness having a frequency lower than that of a lattice
visually recognized when layers are superimposed with
lattices formed in the respective different layers at angles
therebetween.
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[0204] A pitch of a moiré stripe is expressed by the
following formula 1:

1y 1Y (1Y 2cosa
(E) ‘(ﬁ] +(§] %)

[0205] 1Inthe formula 1, S1 indicates a first lattice pitch, S2
a second lattice, S3 a moiré fringe pitch and o an angle
formed between the first lattice and the second lattice.

[0206] If a visibility (V) of a moiré stripe is calculated
with definition of the maximum value of intensities I of a
moir¢ stripe obtained by superimposing different lattices in
such a way as Imax, the minimum value thereof as Imin, the
visibility is given by a mathematical expression: V=(Imax-
Imin)/(Imax+Imin). In order to decrease the contrast, it is
desirable that an angle between the lattices is sufficiently
large and close to perpendicularity. Three or more layers
each having a lattice is hard to satisfy the required condition.
Therefore, in order to suppress a moiré phenomenon, it is
understood that it is effective to reduce layers each having a
lattice structure.

[0207] (Reflection Polarizer (a))

[0208] Tt is desirable to achieve a total reflection of light
with a wavelength in the vicinity of 550 nm high in visual
sensitivity from the viewpoint of brightness enhancement
and it is desirable that a selective reflection wavelength of
the reflection polarizer (2) is superimposed on light at least
in a wavelength region of 550 nm=10 nm.

[0209] 1In a backlight using a wedge type light guide plate
adopted in more of liquid crystal displays, for example,
angles of emitted lights from the light guide plate are about
60° inclined from the normal direction. A blue shift amount
at this angle reaches about 100 nm. Therefore, it is under-
stood that in a case where a 3 wavelength cold cathode
fluorescent lamp is employed as the backlight, a necessity
arises that a selective reflection wavelength reaches to the
wavelength side longer than at least 710 nm since a red
bright-line spectrum is at 610 nm. Since a selective reflec-
tion wavelength bandwidth necessary in the long wave-
length side, as described above, depends largely on an
incidence angle and a wavelength of incident light from the
light source, a long wavelength end thereof is set arbitrarily
according to required specifications.

[0210] In a case where the backlight light source emits
only a specific wavelength, for example, in a case of a
colored cold cathode fluorescent lamp, it is only required to
enable only an obtained bright line to be shielded.

[0211] In a case where emitted lights from the backlight
are confined in a range in the front direction in advance in
design of a microlens, dots, a prism, and others, it is not
necessary to remarkably extend a selective reflection wave-
length to the long wavelength side since transmitted light at
a large incidence angle can be neglected. A design can be
affected properly so as to be adapted for combined members
and a kind of light source.

[0212] The reflection polarizers (a) may be either a com-
bination of absolutely the same members or a combination
of one member reflecting all the wavelengths of visual light
thereon and the other reflecting part thereof thereon.
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[0213] (Circular Polarization Type Reflection Polarizer

(a1))

[0214] Forexample, a cholesteric liquid crystal material is
used in a circular polarization type reflection polarizer (al).
In a circular polarization type reflection polarizer (al), a
central wavelength in selective reflection is determined by a
formula A=np (wherein n indicates a refractive index of a
cholesteric material and p indicates a chiral pitch). For
obliquely incident light, the superimposed wavelength
region is preferably wider since a selective reflection wave-
length is subjected to a blue shift.

[0215] 1In a case where a circular polarization type reflec-
tion polarizer (al) is made of a cholesteric materials, a
similar polarizer can be obtained even in combination of
different types (which are of a right hand twist and a left
hand twist) in a way such that according to a similar way of
thinking, a retardation is zero or A if a front retardation is
inclined at A/2, whereas the similar polarizer is unprofitable
since a problem arises because of anisotropy or coloring
abnormality according to an azimuth of the inclined axis.
While from such a viewpoint, it is preferable to combine
members of the same type (between only members with a
right hand twist or only members with a left hand twist),
coloring abnormality can also be suppressed by cancellation
with combination of cholesteric liquid crystal molecules one
above the other or a C plate different in wavelength distri-
bution characteristic from each other.

[0216] A proper cholesteric liquid crystal may be used as
a cholesteric liquid crystal constituting a circular polariza-
tion type reflection polarizer (al) without imposing any
specific limitation. Examples thereof that are named include:
a liquid crystal polymer exhibiting a cholesteric liquid
crystallinity at a high temperature; a polymerized liquid
crystal obtained by polymerizing a liquid crystal monomer,
and a chiral agent and an alignment agent, when both are
required, with illumination of ionizing radiation such as an
electron beam, ultraviolet or the like, or with heating; and a
mixture thereof. While a liquid crystallinity may be either
lyotropic or thermotropic, a thermotropic liquid crystal is
desirable from the view point of ease of control and form-
ability of monodomain.

[0217] Formation of a cholesteric liquid crystal layer can
be performed by means of a method in conformity with a
conventional alignment treatment. Exemplified are: a
method in which a liquid crystal polymer is developed on a
proper alignment film selected from the group: an alignment
film obtained by being subjected to a rubbing treatment with
a rayon cloth or the like on a film made of polyimide,
polyvinyl alcohol, polyester, polyarylate, polyamide imide,
polyether imide or the like formed on a support base material
having as low a birefringence retardation as possible such as
triacetyl Cellulose, amorphous polyolefin or the like; an
alignment film made of an obliquely evaporated layer Made
of Si0,; an alignment film made of a base material using a
surface nature and state of a stretched base material such as
polyethylene terephthalate, polyethylene naphthalate or the
like; an alignment film made of a base material with fine
surface irregularity of projections and depressions having a
fine alignment control force formed thereon obtained by
treating a surface thereof with a fine grinding agent repre-
sented by a rubbing cloth or red iron oxide; an alignment
film made of a base material having and alignment film
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producing a liquid crystal control force by illuminating an
azobenzene compound or the like on a base material film
described above with light formed thereon; and others, and
the liquid crystal polymer is heated at a temperature of a
glass transition temperature or higher and lower than an
isotropic phase transition temperature and cooled at a tem-
perature lower than the glass transition temperature in a
planar alignment state of the liquid crystal polymer mol-
ecules into a glassy state to thereby form a fixed layer in
which the alignment is fixed; and other methods.

[0218] Astructure may also be fixed by illuminating with
energy such as ultraviolet, an ion beam or the like at a stage
where an alignment state is established. A base material with
a low birefringence of the above described base materials
may also be used as a liquid crystal layer support as is. In a
case where a base material with a high birefringence is
adopted or where a request for a thickness of a polarization
element (A) is severe, a liquid crystal layer can be separated
from the alignment base material for proper use.

[0219] Film formation of a liquid crystal polymer can be
performed by means of a method in which a liquid crystal
polymer is developed into a thin film using a solution of the
liquid crystal polymer with a solvent with one of the
following techniques: such as a spin coating method; a roll
coating method, a flow coating method; a printing method;
a dip coating method; a flow film forming method; a bar
coating method; a gravure printing method and others, to
further dry the thin film, when required. Examples of the
solvent that can be properly used include: chlorine contain-
ing solvents such as methylene chloride, trichloroethylene
and tetrachloroethane; ketone solvents such as acetone,
methyl ethyl ketone and cyclohexanone; aromatic solvents
such as toluene; cycloalkanes such as cycloheptane; and
N-methylpyrrolidone, tetrahydrofuran and others.

[0220] One of methods can be adopted in which a heat-
melt of a liquid crystal polymer and preferably a heat-melt
in a state exhibiting an isotropic phase is developed in a
procedure in conformity with a procedure as described
above, the developed film is further developed to a thinner
film while a melting temperature is maintained, if necessary,
and the thinner film is then solidified. The one method is a
method using no solvent; therefore, a liquid crystal polymer
can be developed by a method good in hygiene in a working
environment as well. Note that in development of a liquid
crystal polymer, there can be adopted a superimposition
scheme for cholesteric liquid crystal layers with alignment
films interposed between layers for the purpose to realize a
thinner, if necessary.

[0221] One of the optical layers can also be separated from
a support base material/an alignment base material therefore
used in film formation and transferred onto another optical
material for use when required.

[0222] (Linear Polarization Type Reflection Polarizer
(a2))
[0223] Examples of the liner polarization type reflection

polarizer (a2) include: a grid type polarizer; a multilayer thin
film laminate with two or more layers made of two or more
kinds of materials having a difference between refractive
indexes; evaporated multilayer thin film having different
refractive indexes used in a beam splitter or the like; a
multi-birefringence layer thin film laminate with two or
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more layers made of two or more kinds of materials each
having birefringence; a stretched resin laminate with two or
more layers using two or more kinds of resins each having
a birefringence; a polarizer separating linearly polarized
light by reflecting/transmitting linearly polarized light in the
axis directions perpendicular to each other; and others.

[0224] A uniaxially stretched multilayer laminate can be
used that is obtained by uniaxially stretching a multilayer
laminate obtained by alternately laminating materials gen-
erating a retardation by stretching represented by polyeth-
ylene naphthalate, polyethylene terephthalate and polycar-
bonate; and resins each generating a low retardation, such as
an acrylic resin represented by polymethacrylate; and a
norbornene resin and others represented by ARTON manu-
factured by JSR Corp.

[0225] (Retardation Layer (b))

[0226] The retardation layer (bl) inserted between circular
polarization type reflection polarizers (al) or linear polar-
ization type reflection polarizers (b2) has a retardation in the
front direction of almost zero and a retardation of /8 or
more relative to incident light at an angle of 30° inclined
from the normal direction. It is desirable to have a front
retardation of A/10 or less since it is the purpose to retain
vertically impinging polarized light.

[0227] Retardation relative to incident light in an oblique
direction is properly determined according to an angle at
which total reflection is effected for efficient polarization
conversion. In order to perfectly realize total reflection at an
angle of the order of 60° inclined from the normal direction,
it is only required to determine a retardation so as to be a
value of the order of A/2 when measured at 60°. Since
transmitted light through the circular polarization type
reflection polarizer (al) changes a polarization state thereof
by a birefringence like a C plate of the circular polarization
type reflection polarizer (al) itself as well, a retardation
when measured at the angle of the C plate that is usually
inserted may be a value less than A/2. Since a retardation of
the C plate increases monotonously with increase in incli-
nation of incident light, a retardation has only to be A/8 or
more relative to incident light at an angle of 30° as a target
value for effectively causing total reflection at inclination at
an angle of 30° or more.

[0228] In a case of a design capable of an effective shield
of light having an incidence angle of 30° from the front in
a polarization element (A) of this invention, transmitted
light is sufficiently reduced substantially in a region of an
incidence angle of about 20°. In a case where light is limited
in this region, transmitted is only light in a region showing
a good display of a common TN liquid crystal display. There
is a fluctuation due to a kind of liquid crystal in a cell, a
condition of an alignment state, a pretilt angle and the like
in a used TN liquid crystal display, neither gray scale
inversion nor sudden degradation in contrast occurs; there-
fore, this is a standard adopted for magnification of a
viewing angle in this invention. Other contrivances may also
be applied that a larger retardation value of a retardation
layer is used in order to confine only front light and that
milder confinement is given with a smaller retardation value
in a particular situation where a compensating retardation
plate is combined with a TN liquid crystal.

[0229] Any of materials can be used in the retardation
layer (b1) without a specific limitation as far as it has an
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optical characteristic as described above. Exemplified are: a
layer having a fixed planar alignment state of a cholesteric
liquid crystal having a selective reflection wavelength in a
region outside a visible light region (ranging from 380 nm
to 780 nm); a layer having a fixed homeotropic alignment
state of a rod-like liquid crystal; a layer using columnar
alignment or nematic alignment of a discotic liquid crystal;
a layer in which a negative uniaxial crystal is aligned in a
plane; a layer made of a biaxially aligned polymer film; and
others.

[0230] As for a C plate, for example, a C plate having a
fixed planar alignment state of a cholesteric liquid crystal
having a selective reflection wavelength in a region outside
the visible light region (ranging from 380 nm to 780 nm) is
desirable to have no coloring abnormality in the visible light
region with respect to a selective reflection wavelength of a
cholesteric liquid crystal. Hence, a necessity arises for a
selective reflection light not to be in the visible region.
Selective reflection is specially determined by a cholesteric
chiral pitch and a refractive index of a liquid crystal. Avalue
of a central wavelength in selective reflection may be in the
near infrared region, whereas it is more desirably in an
ultraviolet region of 350 nm or less because of an influence
of optical rotation exerted or occurrence of a slightly com-
plex phenomenon. Formation of a cholesteric liquid crystal
layer is performed in a similar way to that in formation of a
cholesteric liquid crystal layer in the reflection polarizer
described above.

[0231] A C plate having a fixed homeotropic alignment
state is made of a liquid crystalline thermoplastic resin
showing a nematic liquid crystallinity at a high temperature;
a polymerized liquid crystal obtained by polymerizing a
liquid crystal monomer and an alignment agent, when
required, under illumination with ionizing radiation such as
an electron beam, ultraviolet or the like, or with heating; or
a mixture thereof. While a liquid crystallinity may be either
lyotropic or thermotropic, a thermotropic liquid crystal is
desirable from the view point of ease of control and form-
ability of monodomain. A homeotropic orientation is
obtained for example in a procedure in which a birefringent
material described above is coated on a film made of a
vertically aligned film (such as a film of a long chain
alkylsilane) and a liquid crystal state is produced and fixed
in the film.

[0232] As a C plate using a discotic liquid crystal, there is
available a plate obtained by producing and fixing a nematic
phase or a columnar phase in a discotic liquid crystal
material having an optically negative uniaxiality such as a
phthalocyanines or a triphenylene compounds each having
an in-plane spread molecule as a liquid crystal material.
Inorganic layered compounds each with a negative uniaxi-
ality are detailed in a publication of JP-A No. 6-82777 and
others.

[0233] A C plate using a biaxial alignment of a polymer
film can be obtained by one of the following methods, in
which a polymer film having positive refractive index
anisotropy is biaxially stretched in a good balance; in which
a thermoplastic resin is pressed; and in which a C plate is cut
off from a parallel aligned crystal.

[0234] 1Inacase where a linear polarization type reflection
polarizer (a2) is employed, adopted is a retardation layer
(b1) having retardation in the front direction of almost zero
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and a retardation of A/4 or more relative to incident light
incoming at an angle of 30° inclined from the normal
direction. Linearly polarized light is converted to circularly
polarized light using a structure in which the retardation
layer (b1) is sandwiched between A/4 plates (b2) each
having a front retardation of about A/4 and thereafter, the
circularly polarized lights can be collimated by means of a
similar way to that in the circular polarizing plate described
above. A section of the structure and arrangement of layers
thereof in this case are as shown in FIGS. 3, 4 and 5. In the
case, an angle formed between the slow axis of a 2./4 plate
(b2) and the polarization axis of a linear polarization type
reflection polarizer (a2) is as described above and an angle
between the axes of the A/4 plates (b2) can be arbitrarily set.

[0235] To be concrete, a A/4 plate is used as the retardation
layer (b2). A A/4 plate in use is a proper retardation plate
adapted for a purpose of use. The A/4 plate can control an
optical characteristic such as a retardation in lamination of
two or more kinds of retardation plates. Examples of retar-
dation plates include: birefrengent films obtained by stretch-
ing films made of proper polymers such as polycarbonate,
norbornene resin, polyvinyl alcohol, polystyrene, polymeth-
ylmethacrylate, polypropylene, other polyolefins, polyary-
late, polyamide and others; alignment films each made of a
liquid crystal material such as a liquid crystal polymer;
alignment layers each made of a liquid crystal material
supported by a film; and others.

[0236] A retardation plate functioning as a A/4 plate in a
broad wavelength range such as the visible light region can
be obtained by a method in which, for example, a retardation
layer functioning as a A/4 plate for monochromatic light
with a wavelength of 550 nm, a retardation layer exhibiting
another retardation characteristic, for example a retardation
layer functioning as a % wavelength plate are superimposed
one on the other, or the like method. Therefore, a retardation
plate inserted between a polarizing plate and a brightness
enhancement film may be made with one, or two or more
retardation layers.

[0237] A similar effect can be attained by disposing two
biaxial retardation layers (b3) each having a front retardation
of about A/4 and a retardation in the thickness direction of
A2 or more. A biaxial retardation layer (b3) with an Nz
factor of about 2 or more satisfies the above described
required condition. A section of the structure and arrange-
ment of layers thereof in this case are as shown in FIGS. 6
and 7. In the case, a relationship between the slow axis of
a biaxial retardation layer (b3) and the polarization axis of
a linear polarization type reflection polarizer (a2) are as
described above and an angle between the axes of biaxial
retardation layers (b3) themselves can be set arbitrarily.

[0238] Note that a front retardation of about A/4 means
that the retardation is preferably on the order of A/4+40 nm
and more preferably on the order of A/4+15 nm relative to
light with a wavelength of 550 nm.

[0239] A similar effect can also be obtained by using one
biaxial retardation layer (b4) having a front retardation of
about 2/2 and a retardation in the thickness direction of A/2
or more. A biaxial retardation layer (b4) with an Nz factor
of about 1.5 or more satisfies the above described required
condition. A section of the structure and arrangement of
layers thereof in this case are as shown in FIGS. 8 and 9.
In the case, a relationship between the axes of the linear
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polarization type reflection polarizers (a2) one above the
other and the axis of the biaxial retardation layer (b4)
inserted in the middle assumes angles as designated and the
angles are specially determined.

[0240] Note that a front retardation of about A/2 means
that the retardation is preferably on the order of A/2+40 nm
and more preferably on the order of A/2+15 nm relative to
light with a wavelength of 550 nm.

[0241] As the biaxial retardation layers (b3) and (b4),
employed are, to be concrete, a layer obtained by biaxially
stretching a plastic material having birefringence such as
polycarbonate, polyethylene terephthalate or the like; and a
layer obtained by uniaxially aligning a liquid crystal mate-
rial in a plane direction and further aligning the liquid crystal
material in the thickness direction so as to have hybrid
alignment. A layer obtained by subjecting a liquid crystal
material to uniaxial homeotropic alignment can be
employed, which is formed by means of a method similar to
the method used in film formation of the cholesteric liquid
crystal. A necessity arises for use of a nematic liquid crystal
material instead of a cholesteric liquid crystal material.

[0242]

[0243] Adiffusing reflection plate is desirably arranged on
the lower side of a light guide plate as a light source (the
other side from an arrangement surface of a liquid cell). A
main component of light reflected by a collimating film is an
obliquely incident light component and the main component
of light is specularly reflected and reflected back in the
backlight direction. On this occasion, in a case where a
reflection plate on the back surface side is high in specular
reflection, a reflection angle is retained and cannot be
emitted in the front direction only to end up with light loss.
Therefore, a reflection angle of reflected-back light is not
retained to thereby increase a scattering reflection compo-
nent in the front direction; therefore the arrangement of a
diffusing reflection plate is desirable.

[0244] (Arrangement of Diffusion Plate)

[0245] Tt is also desirable to place a proper diffusion plate
between a collimating film and the backlight light source.
This is because light impinging obliquely and reflected is
scattered in the vicinity of a backlight guide plate and part
of the reflected light is scattered in the vertical incidence
direction to thereby enhance a reutilization of light.

[0246] Aused diffusion plate can be obtained by means of
a method in which a surface irregularity in depressions and
projections is utilized, or in which particles with different
refractive indexes are embedded in a resin. The diffusion
plate either may be inserted between a collimating film and
a backlight or may be laminated to a collimating film.

[0247] 1In a case where a liquid crystal cell to which a
collimating film is laminated is placed in the near of a
backlight, there is a possibility to cause a Newton ring in a
clearance between a film surface and the backlight, while by
placing a diffusion plate having a surface irregularity in
depressions and projections on the light guide plate side
surface of the collimating film in this invention, it can be
suppressed to generation of Newton ring. Moreover, a layer
serving as a surface irregularity in depressions and projec-
tions and a light diffusing structure may be formed as a
surface itself of a collimating film in this invention.

(Arrangement of Diffusing Reflection Plate)
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[0248] (Arrangement of View Angle Magnifying Film)

[0249] Magnification of a viewing angle in a liquid crystal
display of this invention can be achieved by obtaining a
uniform and good display characteristic all over the viewing
angle through diffusion of light of good display character-
istic in the vicinity of the front obtained from a liquid crystal
displays combined with a collimated backlight.

[0250] A viewing angle magnifying layer used here is a
diffusion plate having substantially no backscattering. A
diffusion plate can be provided with a diffusion pressure-
sensitive material. An arrangement place thereof can be used
above or below a polarizing plate on the viewer side of the
liquid crystal display. In order to prevent reduction in
contrast due to an influence such as bleeding of pixels or a
slightly remaining backscattering, the diffusion plate is
desirably provided in a layer at a position closest possible to
a cell such as between a polarizing plate and a liquid crystal
cell. In this case, it is desirable to use a film that does not
substantially cancel polarization. A fine particle distribution
type diffusion plate is preferably used, which is disclosed in,
for example, the publications of JP-A No. 2000-347006 and
JP-A No. 2000-347007.

[0251] In a case where a viewing angle magnifying layer
is disposed outside of a polarizing plate on the viewer side
of a liquid crystal cell, a viewing angle compensating
retardation plate may not be used especially if a TN liquid
crystal cell is used since collimated lights are transmitted
through a liquid crystal cell and through the polarizing plate.
If an STN liquid crystal cell is used in the case, it has only
to use a retardation film that is well compensated with
respect to a front characteristic. Since, in this case, a viewing
angle magnifying layer has a surface exposed to air, a type
having a refractive effect due to a surface profile can also be
employed.

[0252] On the other hand, in a case where a viewing angle
magnifying film is inserted between a polarizing plate and a
liquid crystal cell, light is diffused light at the stage where
light 1s transmitted through the polarizing plate. If a TN
liquid crystal is used, a necessity arises for compensating a
viewing angle characteristic of the polarizer itself. In this
case, it is preferable to insert a retardation plate to compen-
sate a viewing angle characteristic of a polarizing plate
between the polarizing plate and the viewing angle magni-
fying layer. If an STN liquid crystal is used, it is preferable
to insert a retardation plate to compensate a viewing angle
characteristic of the polarizing plate in addition to a front
retardation compensation for the STN liquid crystal.

[0253] In a case of a viewing angle magnifying film
having a regular structure in the interior thereof such as a
microlens array or a hologram film, both conventionally
having been available, interference has occurred with a fine
structure such as a microlens array, a prism array, a louver,
a micromirror array or the like that is included in a black
matrix of a liquid crystal display or a collimation system of
a conventional backlight to thereby cause a moiré pattern
with ease. Since in a collimating film in this invention, a
regular structure is not visually recognized in a plane thereof
and emitted light has no regularity modulation, no necessity
arises for consideration of matching with a viewing angle
magnifying layer or an arrangement sequence. Therefore, a
viewing angle magnifying layer has a lot of options since no
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specific limitation is imposed thereon, if neither interference
nor a moiré pattern occurs with a pixel black matrix of a
liquid crystal display.

[0254] In this invention, as viewing angle magnifying
layers, preferably used are a light scattering plate, having no
substantial backscattering and not canceling polarization,
which is described in any of the publications of JP-A Nos.
2000-347006 and 2000-347007 and which has a haze in the
range of 80% to 90%. Any of layers each of which has a
regular structure in the interior thereof such as a hologram
sheet, a microprism array, a microlens array or the like can
be used, if neither interference nor a moiré pattern occurs
with a pixel black matrix of a liquid crystal display.

[0255]

[0256] Lamination of each of the layers may be realized
only by being laminated on a preceding layer, while it is
preferable to laminate the layers with an adhesive agent or
a pressure-sensitive adhesive agent from the viewpoint of
workability and light utilization efficiency. In that case, it is
desirable from the viewpoint of suppressed surface reflec-
tion that an adhesive agent or a pressure-sensitive adhesive
agent is transparent and does not have absorption in the
visible light region, and have refractive indexes closest
possible to refractive indexes of the layers. Preferably used
from the view point are an acrylic pressure-sensitive adhe-
sive agent and the like. The following methods can be
adopted: one method in which each of the layers forms
monodomain with the help of an alignment film separately
from the others and sequentially laminated by transfer the
layers onto a light transparent base material; and the other in
which each of the layers is sequentially formed directly on
a preceding layer while forming an alignment film or the like
for alignment in a proper manner.

[0257] Tt is possible to further add particles for adjusting
diffusibility, when required, to thereby impart isotropic
scatterbility, and to properly add an ultraviolet absorbent, an
antioxidant, and a surfactant for a purpose to impartation of
a leveling property in film formation, in each of the layers
and (pressure-sensitive) adhesive layers.

[0258] (Other Materials)

[0259] Note that various other kinds of optical layers are
properly employed according a common method to thereby,
manufacture a liquid crystal display.

[0260] Polarizing plates are disposed on both sides of a
liquid crystal cell. The polarizing plates disposed on both
sides of the liquid crystal cell are arranged so that the
polarization axes thereof are almost perpendicular to each
other. The polarizing plate on the incidence side is arranged
so that the polarization axis direction thereof is aligned with
the axis direction of a linearly polarized light obtained by
transmission from the light source.

[0261] Commonly used is a polarizing plate having a
protective film on one side or both sides of a polarizer.

[0262] A polarizer is not limited especially but various
kinds of polarizer may be used. As a polarizer, for example,
a film that is uniaxially stretched after having dichromatic
substances, such as iodine and dichromatic dye, absorbed to
hydrophilic high molecular weight polymer films, such as
polyvinyl alcohol type film, partially formalized polyvinyl
alcohol type film, and ethylene-vinyl acetate copolymer type

(Lamination of Layers)
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partially saponified film; poly-ene type orientation films,
such as dehydrated polyvinyl alcohol and dehydrochlori-
nated polyvinyl chloride, etc. may be mentioned. In these, a
polyvinyl alcohol type film on which dichromatic materials
such as iodine is absorbed and oriented after stretched is
suitably used. Although thickness of polarizer is not espe-
cially limited, the thickness of about 5 to 80 um is commonly
adopted.

[0263] A polarizer that is uniaxially stretched after a
polyvinyl alcohol type film dyed with iodine is obtained by
stretching a polyvinyl alcohol film by 3 to 7 times the
original length, after dipped and dyed in aqueous solution of
iodine. If needed the film may also be dipped in aqueous
solutions, such as boric acid and potassium iodide, which
may include zine sulfate, zinc chloride. Furthermore, before
dyeing, the polyvinyl alcohol type film may be dipped in
water and rinsed if needed. By rinsing polyvinyl alcohol
type film with water, effect of preventing un-uniformity,
such as unevenness of dyeing, is expected by making
polyvinyl alcohol type film swelled in addition that also soils
and blocking inhibitors on the polyvinyl alcohol type film
surface may be washed off. Stretching may be applied after
dyed with iodine or may be applied concurrently, or con-
versely dyeing with iodine may be applied after stretching.
Stretching is applicable in aqueous solutions, such as boric
acid and potassium iodide, and in water bath.

[0264] As the transparent protective film prepared on one
side or both sides of the polarizer, materials is excellent in
transparency, mechanical strength, heat stability, water
shielding property, isotropy, etc. may be preferably used. As
materials of the above-mentioned transparent protective
film, for example, polyester type polymers, such as poly-
ethylene terephthalate and polyethylenenaphthalate; cellu-
lose type polymers, such as diacetyl cellulose and triacetyl
cellulose; acrylics type polymer, such as poly methyl-
methacrylate; styrene type polymers, such as polystyrene
and acrylonitrile-styrene copolymer (AS resin); polycarbon-
ate type polymer may be mentioned. Besides, as examples of
the polymer forming a protective film, polyolefin type
polymers, such as polyethylene, polypropylene, polyolefin
that has cyclo-type or norbornene structure, ethylene-pro-
pylene copolymer; vinyl chloride type polymer; amide type
polymers, such as nylon and aromatic polyamide; imide type
polymers; sulfone type polymers; polyether sulfone type
polymers; polyether-ether ketone type polymers; poly phe-
nylene sulfide type polymers; vinyl alcohol type polymer;
vinylidene chloride type polymers; vinyl butyral type poly-
mers; allylate type polymers; polyoxymethylene type poly-
mers; epoxy type polymers; or blend polymers of the
above-mentioned polymers may be mentioned as a. Films
made of heat curing type or ultraviolet ray curing type
resins, such as acryl based, urethane based, acryl urethane
based, epoxy based, and silicone based, etc. may be men-
tioned as materials of the above-mentioned transparent
protective film.

[0265] Moreover, as is described in Japanese Patent Laid-
Open Publication No. 2001-343529 (WO 01/37007), poly-
mer films, for example, resin compositions including (A)
thermoplastic resins having substituted and/or non-substi-
tuted imido group is in side chain, and (B) thermoplastic
resins having substituted and/or non-substituted phenyl and
nitrile group in side chain may be mentioned. As an illus-
trative example, a film may be mentioned that is made of a
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resin composition including alternating copolymer compris-
ing iso-butylene and N-methyl maleimide, and acrylonitrile-
styrene copolymer. A film comprising mixture extruded
article of resin compositions etc. may be used.

[0266] In general,a thickness of the protection film, which
can be determined arbitrarily, is 500 ym or less, preferably
1 through 300 um, and especially preferably 5 through 200
um in viewpoint of strength, work handling and thin layer.

[0267] Moreover, it is preferable that the protective film
may have as little coloring as possible. Accordingly, a
protective film having a retardation value in a film thickness
direction represented by Rth=[(nx+ny)/2-nz]xd of -90 nm
through +75 nm (where, nx and ny represent principal
indices of refraction in a film plane, nz represents refractive
index in a film thickness direction, and d represents a film
thickness) may be preferably used. Thus, coloring (optical
coloring) of polarizing plate resulting from a protective film
may mostly be cancelled using a protective film having a
retardation value (Rth) of -90 nm through +75 nm in a
thickness direction. The retardation value (Rth) in a thick-
ness direction is preferably -80 nm through +60 nm, and
especially preferably =70 nm through +45 nm.

[0268] As a protective film, if polarization property and
durability are taken into consideration, cellulose based poly-
mer, such as triacetyl cellulose, is preferable, and especially
triacetyl cellulose film is suitable. In addition, when the
protective films are provided on both sides of the polarizer,
the protective films comprising same polymer material may
be used on both of a front side and a back side, and the
protective films comprising different polymer materials etc.
may be used. Adhesives are used for adhesion processing of
the above described polarizer and the protective film. As
adhesives, isocyanate derived adhesives, polyvinyl alcohol
derived adhesives, gelatin derived adhesives, vinyl polymers
derived latex type, aqueous polyurethane based adhesives,
aqueous polyesters derived adhesives, etc. may be men-
tioned.

[0269] Ahard coat layer may be prepared, or antireflection
processing, processing aiming at sticking prevention, diffu-
sion or anti glare may be performed onto the face on which
the polarizing film of the above described transparent pro-
tective film has not been adhered.

[0270] Ahard coat processing is applied for the purpose of
protecting the surface of the polarizing plate from damage,
and this hard coat film may be formed by a method in which,
for example, a curable coated film with excellent hardness,
slide property etc. is added on the surface of the transparent
protective film using suitable ultraviolet curable type resins,
such as acrylic type and silicone type resins. Antireflection
processing is applied for the purpose of antireflection of
outdoor daylight on the surface of a polarizing plate and it
may be prepared by forming an antireflection film according
to the conventional method etc. Besides, a sticking preven-
tion processing is applied for the purpose of adherence
prevention with adjoining layer.

[0271] In addition, an anti glare processing is applied in
order to prevent a disadvantage that outdoor daylight reflects
on the surface of a polarizing plate to disturb visual recog-
nition of transmitting light through the polarizing plate, and
the processing may be applied, for example, by giving a fine
concavo-convex structure to a surface of the protective film
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using, for example, a suitable method, such as rough sur-
facing treatment method by sandblasting or embossing and
a method of combining transparent fine particle. As a fine
particle combined in order to form a fine concavo-convex
structure on the above-mentioned surface, transparent fine
particles whose average particle size is 0.5 to 50 um, for
example, such as inorganic type fine particles that may have
conductivity comprising silica, alumina, titania, zirconia, tin
oxides, indium oxides, cadmium oxides, antimony oxides,
etc., and organic type fine particles comprising cross-linked
of non-cross-linked polymers may be used. When forming
fine concavo-convex structure on the surface, the amount of
fine particle used is usually about 2 to 50 weight parts to the
transparent resin 100 weight parts that forms the fine con-
cavo-convex structure on the surface, and preferably 5 to 25
weight parts. An anti glare layer may serve as a diffusion
layer (viewing angle expanding function etc.) for diffusing
transmitting light through the polarizing plate and expanding
a viewing angle etc.

[0272] In addition, the above-mentioned antireflection
layer, sticking prevention layer, diffusion layer, anti glare
layer, etc. may be built in the protective film itself, and also
they may be prepared as an optical layer different from the
transparent protective film.

[0273] A retardation plate is laminated on a polarizing
plate as a viewing angle compensating film and used as a
wide viewing angle polarizing plate. A viewing angle com-
pensating film is a film for magnifying a viewing angle so as
to enable an image to be viewed with relatively sharpness
even in a case where a screen image of a liquid crystal
display is viewed not in a direction normal to the screen but
in a slightly oblique direction relative to the screen.

[0274] As such viewing angle compensating retardation
plates, there are available, in addition thereto, a film having
a birefringence obtained by a biaxially stretching treatment,
a stretching treatment in two directions perpendicular to
each other or the like and a biaxially stretched film such as
an inclined alignment film. As inclined alignment film, for
example, a film obtained using a method in which a heat
shrinking film is adhered to a polymer film, and then the
combined film is heated and stretched or shrinked under a
condition of being influenced by a shrinking force, or a film
that is oriented in oblique direction may be mentioned. The
viewing angle compensation film is suitably combined for
the purpose of prevention of coloring caused by change of
visible angle based on retardation by liquid crystal cell ete.
and of expansion of viewing angle with good visibility.

[0275] Besides, a compensation plate in which an optical
anisotropy layer consisting of an alignment layer of liquid
crystal polymer, especially consisting of an inclined align-
ment layer of discotic liquid crystal polymer is supported
with triacetyl cellulose film may preferably be used from a
viewpoint of attaining a wide viewing angle with good
visibility.

[0276] No specific limitation is, in addition to the above
described condition, imposed on optical layers laminated
when being actually used and there can be used one, or two
or more optical layers that have an opportunity to be used in
formation of a liquid crystal display and others, such as a
reflection plate and a transflective plate. Examples thereof
especially include: a reflection type polarizing plate and a
transflective type polarizing plate obtained by laminating a
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reflection plate and a transflective plate, respectively, on an
elliptic polarizing plate or a circular polarizing plate.

[0277] A reflective layer is prepared on a polarizing plate
to give a reflection type polarizing plate, and this type of
plate is used for a liquid crystal display in which an incident
light from a view side (display side) is reflected to give a
display. This type of plate does not require built-in light
sources, such as a backlight, but has an advantage that a
liquid crystal display may easily be made thinner. A reflec-
tion type polarizing plate may be formed using suitable
methods, such as a method in which a reflective layer of
metal etc. is, if required, attached to one side of a polarizing
plate through a transparent protective layer etc.

[0278] As an example of a reflection type polarizing plate,
a plate may be mentioned on which, if required, a reflective
layer is formed using a method of attaching a foil and vapor
deposition film of reflective metals, such as aluminum, to
one side of a matte treated protective film. Moreover, a
different type of plate with a fine concavo-convex structure
on the surface obtained by mixing fine particle into the
above-mentioned protective film, on which a reflective layer
of concavo-convex structure is prepared, may be mentioned.
The reflective layer that has the above-mentioned fine con-
cavo-convex structure diffuses incident light by random
reflection to prevent directivity and glaring appearance, and
has an advantage of controlling unevenness of light and
darkness etc. Moreover, the protective film containing the
fine particle has an advantage that unevenness of light and
darkness may be controlled more effectively, as a result that
an incident light and its reflected light that is transmitted
through the film are diffused. A reflective layer with fine
concavo-convex structure on the surface effected by a sur-
face fine concavo-convex structure of a protective film may
be formed by a method of attaching a metal to the surface of
a transparent protective layer directly using, for example,
suitable methods of a vacuum evaporation method, such as
a vacuum deposition method, an ion plating method, and a
sputtering method, and a plating method etc.

[0279] Instead of a method in which a reflection plate is
directly given to the protective film of the above-mentioned
polarizing plate, a reflection plate may also be used as a
reflective sheet constituted by preparing a reflective layer on
the suitable film for the transparent film. In addition, since
a reflective layer is usually made of metal, it is desirable that
the reflective side is covered with a protective film or a
polarizing plate etc. when used, from a viewpoint of pre-
venting deterioration in reflectance by oxidation, of main-
taining an initial reflectance for a long period of time and of
avoiding preparation of a protective layer separately etc.

[0280] In addition, a transflective type polarizing plate
may be obtained by preparing the above-mentioned reflec-
tive layer as a transflective type reflective layer, such as a
half-mirror etc. that reflects and transmits light. A transflec-
tive type polarizing plate is usually prepared in the backside
of a liquid crystal cell and it may form a liquid crystal
display of a type in which a picture is displayed by an
incident light reflected from a view side (display side) when
used in a comparatively well-lighted atmosphere. And this
unit displays a picture, in a comparatively dark atmosphere,
using embedded type light sources, such as a back light built
in backside of a transflective type polarizing plate. That is,
the transflective type polarizing plate is useful to obtain of



US 2005/0180017 Al

a liquid crystal display of the type that saves energy of light
sources, such as a back light, in a well-lighted atmosphere,
and can be used with a built-in light source if needed in a
comparatively dark atmosphere etc.

[0281] Moreover, the polarizing plate may consist of
multi-layered film of laminated layers of a polarizing plate
and two of more of optical layers as the above-mentioned
separated type polarizing plate. Therefore, a polarizing plate
may be a reflection type elliptically polarizing plate or a
transflective type elliptically polarizing plate, etc. in which
the above-mentioned reflection type polarizing plate or a
transflective type polarizing plate is combined with above
described retardation plate respectively.

[0282] While a polarizing plate and a retardation plate
described above can be formed by sequentially laminating
layers one at a time in a manufacturing process for a liquid
crystal display, an optical film such as an elliptic polarizing
plate or the like obtained by lamination in advance has an
advantage of being excellent in quality stability, workability
in lamination and others and enabling a production effi-
ciency of a liquid crystal display to be improved.

[0283] A pressure-sensitive adhesive layer or an adhesive
layer can also be provided in an optical element of this
invention. A pressure-sensitive layer can be used for adher-
ence to a liquid crystal cell and in addition, is used in
lamination of optical layers. In adherence of the optical film,
the optical axis thereof can be set at a proper arrangement
angle in adaptation for a retardation characteristic as a target.

[0284] In the polarizing plate mentioned above and the
optical film in which at least one layer of the polarizing plate
is laminated, an adhesive layer may also be prepared for
adhesion with other members, such as a liquid crystal cell
ete.

[0285] As the pressure sensitive adhesive agent or the
adhesive agent is not especially limited. For example, poly-
mers such as acrylic type polymers; silicone type polymers;
polyesters, polyurethanes, polyamides, polyvinyl ethers,
vinyl acetate/vinyl chloride copolymers, modified polyole-
fines, epoxy type; and rubber type such as fluorine type,
natural rubber, synthetic rubber may be suitably selected as
a base polymer. Especially, the one which is excellent in
optical transparency, showing adhesion characteristics with
moderate wettability, cohesiveness and adhesive property
and has outstanding weather resistance, heat resistance, etc.
may be preferably used.

[0286] The pressure sensitive adhesive agent or the adhe-
sive agent adhesive may contain cross-linking agent accord-
ing to a base polymer. And the adhesive agent adhesive may
contain additives, for example, such as natural or synthetic
resins, adhesive resins, glass fibers, glass beads, metal
powder, fillers comprising other inorganic powder etc.,
pigments, colorants and antioxidants. Moreover, it may be
an adhesive layer that contains fine particle and shows
optical diffusion nature.

[0287] An adhesive agent and a pressure-sensitive adhe-
sive agent each are usually used as an adhesive agent
solution of a base polymer or a composition thereof dis-
solved or dispersed in a solvent at a solid matter concen-
tration of the order in the range of from 10 to 50 wt %. An
organic solvent can be properly selected from the group
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consisting of toluene, ethyl acetate and others; water; or
others, so as to be adapted for a kind of an adhesive agent
for use.

[0288] An adhesive layer and pressure-sensitive adhesive
layer may also be prepared on one side or both sides of a
polarizing plate or an optical film as a layer in which
pressure sensitive adhesives with different composition or
different kind etc. are laminated together. Moreover, when
adhesive layers are prepared on both sides, adhesive layers
that have different compositions, different kinds or thick-
ness, etc. may also be used on front side and backside of a
polarizing plate or an optical film. Thickness of an adhesive
layer may be suitably determined depending on a purpose of
usage or adhesive strength, etc., and generally is 1 to 500
um, preferably 5 to 200 um, and more preferably 10 to 100

Hm.,

[0289] A temporary separator is attached to an exposed
side of an adhesive layer to prevent contamination etc., until
it is practically used. Thereby, it can be prevented that
foreign matter contacts adhesive layer in usual handling. As
a separator, without taking the above-mentioned thickness
conditions into consideration, for example, suitable conven-
tional sheet materials that is coated, if necessary, with
release agents, such as silicone type, long chain alkyl type,
fluorine type release agents, and molybdenum sulfide may
be used. As a suitable sheet material, plastics films, rubber
sheets, papers, cloths, no woven fabrics, nets, foamed sheets
and metallic foils or laminated sheets thereof may be used.

[0290] In addition, in the present invention, ultraviolet
absorbing property may be given to the above-mentioned
each layer, such as a polarizer for a polarizing plate, a
transparent protective film and an optical film etc. and an
adhesive layer, using a method of adding UV absorbents,
such as salicylic acid ester type compounds, benzophenol
type compounds, benzotriazol type compounds, cyano acry-
late type compounds, and nickel complex salt type com-
pounds.

EXAMPLES

[0291] Description will be given of the present invention
showing examples, while this invention is not restricted to
the examples shown below.

[0292] Note that as to a front retardation, a direction in
which an in-plane refractive index is maximized is referred
to as X axis, a direction perpendicular to the X axis as Y axis
and the thickness direction of a film as Z axis, and refractive
indexes in the axis directions as nx, ny and nz, respectively;
and from the refractive indexes nx, ny and nz at 550 nm
measured with an automatic birefringence measuring instru-
ment (manufactured by Oji Sceientific Instruments with a
trade name of automatic birefringence  meter
KOBRA21ADH) and a thickness d (nm) of a retardation
layer, a front retardation: (nx-ny)xd, and a retardation in the
thickness direction: (nx-nz)xd were calculated. Retardation
when measured in an inclined state can be measured with the
automatic birefringence measuring instrument. Inclination
retardation is expressed by a value of (nx-ny)xd when being
inclined.

[0293] Nz factor is defined with a formula: Nz=(nx-nz)/
(nx-ny).

[0294] Note that a reflectance spectrum was measured
with a spectrophotometer (Instant multiphotometry system
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MCPD-2000, manufactured by Otsuka Electronics Co.,
Ltd) and a reflection wavelength band is defined as a
wavelength band having a half value of the maximum
reflectance.

Example 1
[0295] (Preparation of Second Light Condensing Element
(Y))
[0296] Used as a second light condensing element (Y) was

an evaporation-deposited multilayer film band pass filter
with 15 Ti0,/Si0, layers. A polyethylene terephthalate film
with a thickness of 50 um was used as a base material and
a total thickness was about 53 um. A design table including
thickness of layers of the evaporation-deposited thin film is
shown in Table 1 described blow.

TABLE 1
Layers material Layer thickness (nm)
15 TiO, 92.1
14 Sio, 130.1
13 Tio, 68.3
12 Sio, 97.2
11 TiO, 63.2
10 Sio, 88.2
9 TiO, 152.1
8 $i0, 92.8
7 TiO, 7.7
6 Si0, 50.3
5 TiO, 148.6
4 Si0, 95.8
3 TiO, 65.5
2 Si0, 96.9
1 TiO, 65.3
[0297] (Light Source)

[0298] Used as a bright line light source (L) was a 10.4
inch type backlight (manufactured by Stanley Electric Co.,
Ltd.) using a side light type light guide (the light guide was
of a wedged type in section and dot printing was applied on
the back surface thereof). A three wavelength type cold
cathode fluorescent lamp was used as a light source.

[0299]

[0300] Wavelength characteristics of the cold cathode
fluorescent lamp used as a light source and the evaporation-
deposited multilayer film band pass filter, which is a second
light condensing element (Y), are as shown in FIG. 22.
Measurement of a wavelength characteristic was conducted
with a spectrophotometer U4100 manufactured by Hitachi
Ltd.

[0301] (Light Condensation Characteristic of Second
Light Condensing Element (Y))

[0302] A graph shown in FIG. 23 is a measurement result
on the evaporation-deposited multilayer film band pass filter,
which is a second light condensing element (Y), in a
structure of FIG. 15 when the filter was used alone.

[0303] Inthe graph shown in FIG. 23, there is observed a
secondary peak in the vicinity of 70°, which is because the
evaporation-deposited multilayer film band pass filter (Y) is
blue-shifted due to oblique incidence and a green light
transmission region shows a blue light transmission, while a
red light transmission region shows green light transmission.

(Wavelength Characteristic)
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Therefore, strong coloring was observed in emitted light in
an oblique direction. An emitted light distribution of the
backlight system used was conspicuously colored in blue
since a strong light flux was emitted at an angle outside a
range of +60° relative to the front.

[0304] (Backlight System Having First Light Condensing
Section (X))
[0305] A prism sheet was used as a first light condensing

section (X). Used as two prism sheets were two BEF films
manufactured by 3M Corp. (made of a polyethylene tereph-
thalate film with a thickness of about 180 um, an apex angle
of about 90° and a prism pitch of 50 um).

[0306] The two prism sheets were laminated on a light
guide of the bright line light source (L) so that prism edge
lines of the prism sheets were perpendicular to each other. A
backlight system (BLS) with the prism sheets as such a first
light condensing section (X) had a characteristic condensing
light within +50° relative to the front direction.

[0307] (Light Condensing System)

[0308] The backlight system (BLS) having the first light
condensing section (X) and the second light condensing
element (Y) were disposed in a structure shown in FIG. 16.
FIG. 24 is a measurement result of light condensation
characteristic in the structure of FIG. 16. Used as a liquid
crystal cell (LC) was a 10.4 inch TFT cell manufactured by
Sharp Corp. Used as polarization plates (PL) were
SEG1465DU manufactured by NITTO DENKO CORP.
which were adhered to both sides of the liquid crystal cell
(LC) s0 as to be perpendicular to each other. The second
light condensing element (Y) was adhered to a polarization
plate (PL). Note that the same liquid crystal cell (LC) and the
same polarization plates (PL) as in this example were used
in the following examples.

[0309] As can be seen from FIG. 24, it is recognized that
a transmission component at a large angle through a colli-
mation film dramatically decreases due to first light conden-
sation to thereby enable uncomfortable coloring to be elimi-
nated. Since owing to an effect of the first light condensing
section (X), emitted light from a backlight is narrowed down
to an angular range of the order of £50°, it is understood that
secondary transmission in the vicinity of 70° is cut off and
does not be produced.

Example 2
[0310] (Preparation of Second Light Condensing Element
()
[0311] Used as the second light condensing element (Y)

was a cholesteric liquid crystal band pass filter prepared by
thin film coating of a cholesteric liquid crystal polymer. This
is a combination of a right circularly polarized light reflect-
ing band pass filter adapted for three wavelengths and a left
circularly polarized light reflecting band pass filter adapted
for three-wavelengths, and only the lights having three
wavelength that are objects, are transmitted through in
directions in the vicinity of the vertical direction and an
incident light incoming in an oblique direction is reflected.

[0312] In the cholesteric liquid crystal band pass filter, the
front transmission light is unpolarized light. This is because
the liquid crystal layer is used as a band pass filter and
transmission light from a region, where polarization sepa-
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ration caused by cholesteric reflection is not affected, trans-
mits in the front direction. Therefore, in measurement of
light condensation characteristic, the second light condens-
ing element (Y) and a polarization plate (PL) were directly
laminated on each other without providing a retardation
layer therebetween.

[0313] To be detailed, prepared was a selective reflection
circularly polarized light band pass filter reflecting a right
circularly polarized light having selective reflection wave-
length regions of a range from 440 nm to 490 nm, a range
of from 550 to 600 nm and a range of from 615 to 700 nm
for an emission spectrum of 435 nm, 545 nm and 610 nm in
wavelength of the three wavelength cold cathode fluorescent
lamp. Liquid crystal materials were used to prepare three
kinds of cholesteric liquid crystal polymers having respec-
tive selective reflection central wavelengths of 480 nm, 570
nm and 655 nm based on the specification of EP No.
0834754 A.

[0314] A cholesteric liquid crystal polymer was prepared
by polymerizing a polymerizable nematic liquid crystal
monomer A expressed by the following chemical formula 1:

CH2= CHCOZCHZCHZOO COZ CN

[0315] and a polymerizable chiral agent B expressed by
the following chemical formula 2:
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material with a wire bar to a thickness of about 1 um when
measured in a dry state. Used as the alignment base material
was a polyethylene terephthalate film with a thickness of 75
um and a polyvinyl alcohol layer was coated on a surface
thereof to a thickness of about 0.1 um, followed by a rubbing
treatment with a rayon rubbing cloth. After the coating, the
wet coat was dried at 140° C. for 15 min. After the heat
treatment ended, the liquid crystal was cooled to room
temperature and fixed at the temperature to obtain a thin
film.

[0318] Liquid crystal thin films in colors were prepared
using the respective cholesteric liquid crystal polymers
subjecting to a process similar to that as described above and
thereafter, adhered to one another with an isocyanate adhe-
sive agent. Thereafter, the polyethylene terephthalate base
material was removed and the three liquid crystal layers
were laminated sequentially starting at the short wavelength
side to obtain a liquid crystal composite layer with a
thickness of about 5 um.

[0319] On the other hand, the three liquid crystal layers are
laminated in a completely similar way to that as described
above with the exception that used as a polymerizable chiral
agent B was an enantiomer of that of the chemical formula
2 to form a selective reflection circularly polarized light
band pass filter reflecting a left circularly polarized light.

[0320] Both of liquid crystal surfaces thereof were
adhered to each other with a light transparent acrylic pres-
sure-sensitive adhesive agent (NITTO DENKO CORP. with
No. 7 to a thickness of 25 um) and thereafter the polyeth-

CH
/“‘\\ O
CH,=—CHCO,CH,CH,0 CO, CONH—C;

H O

[0316] 1in aliquid crystal mixture with each of proportions
(in weight ratios) shown in the following Table 2. Each of
the liquid crystal mixtures was dissolved in a tetrahydrofu-
ran to obtain a 33 wt % solution, thereafter nitrogen purge
was conducted in an environment at 60° C. and then a
reaction initiator (azobisisobutylonitrile at 0.5 wt % relative
to the mixture) was added to the mixture to thereby cause
polymerization. An obtained polymerized material was
reprecipitation-separated with diethyl ether for purification.
Selective reflection wavelength bands are shown in Table 2.

TABLE 2

Selective reflection
central wavelength

(mixing ratio)

monomer A/chiral Selective reflection

(nm) agent B wavelength band (nm)
480 nm 9.81/1 440 to 490 nm
570 nm 12.511 550 to 600 nm
665 nm 14.8/1 615 to 700 nm

[0317] Each of the cholesteric liquid crystal polymers was
dissolved in methylene chloride to prepare a 10 wt %
solution. The solution was coated on an alignment base

ylene terephthalate film as a support base material was
separated off to obtain a cholesteric liquid crystal band pass
filter (with about 35 um in thickness).

[0321]

[0322] A wavelength characteristic of a cholesteric liquid
crystal band pass filter, which is a second light condensing
element (Y), is as shown in FIG. 25. Note that a graph
shown in FIG. 21 is a measurement result on a light
condensation characteristic in the structure of FIG. 15 with
a cholesteric liquid crystal band pass filter alone, which is
the second light condensing element (Y).

[0323] (Backlight System Having First Light Condensing
Section (X))

[0324] Used as the first light condensing section (X),
similar to that in Example 1, was a backlight system (BLS)
having two prism sheet laminated one on the other.

[0325]

[0326] A backlight system (BLS) having the first light
condensing section (X) and a second light condensing
element (Y) were arranged in the structure of FIG. 16. FIG.

(Wavelength Characteristic)

(Light Condensing System)
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26 is a measurement result on a light condensation charac-
teristic in the structure of FIG. 16.

[0327] Tt is recognized from FIG. 26 that a transmission
component at a large angle through a collimation film
drastically decreases with the help of first light condensation
to thereby enable uncomfortable coloring to be eliminated.
It is understood that with an effect of the first light condens-
ing section (X), emitted light from the backlight is confined
to an angular range of the order of +50°; therefore, second-
ary transmission in the vicinity of 700 is cut off and not
produced.

Example 3
[0328] (Preparation of Second Light Condensing Element
(Y))
[0329] Used was as a second light condensing element (Y)

was a polarization element obtained by providing a retar-
dation plate (bl) between two circular polarization type
reflection polarizer (al) having respective polarized light
selective reflection wavelength bands superimposed on each
other.

[0330] Used as the circular polarization type reflection
polarizers (al) were cholesteric liquid crystal layers of
NIPOCS film (PCF400) manufactured by NITTO DENKO
CORP.

[0331] Then, the retardation plate (b1, a negative C plate)
generating a front retardation of almost 0 and a retardation
in an oblique direction was prepared with a polymerizable
liquid crystal according the following method. LC242
manufactured by BASF Corp. was used as a polymerizable
mesogen compound and LC756 manufactured by BASF
Corp. was used as a polymerizable chiral agent. The poly-
merizable mesogen compound and the polymerizable chiral
compound were used at a mixing ratio of the polymerizable
mesogen compound/the polymerizable chiral agent of 11/88
in weight ratio so that a selective reflection central wave-
length of an obtained cholesteric liquid crystal is about 350
nm. The selective reflection central wavelength of the
obtained cholesteric liquid crystal was 350 m.

[0332] A detailed manufacturing method was as follows:
the polymerizable chiral agent and the polymerizable
mesogen compound were dissolved in cyclopentane (at 30
wt %) and a reaction initiator IRGACURE 907 manufac-
tured by Chiba Specialty Chemicals Corp. at 1 wt % relative
to the mixture) was added to the mixture to prepare a
solution. Added to the solution was a surfactant BYK-361
(manufactured by Big Chemi Japan Corp.) at 0.01 wt %
relative to the mixture. An alignment substrate in use was
obtained by alignment treating a polyethylene terephthalate
film: LUMIRROR (a thickness of 75 #m) manufactured by
TORAY INDUSTRIES INC. with a rubbing cloth.

[0333] The solution was coated to a thickness of 7 um as
measured in a dry state with wire bar, and the wet coat was
dried at 90° C. for 2 min, thereafter heated temporarily to an
isotropic transition temperature 130° C. and thereafter
gradually cooled. A uniform alignment state was retained
and the coat was cured by illumination with ultraviolet (at 10
mW/cm® for 1 min) in an environment at 80° C. to thercby
obtain the negative C plate (bl). A retardation of the
negative C plate (bl) was measured to obtain 2 nm in the
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front direction and about 190 nm (>A/8) in a direction
inclined by 30° for light of 550 nm in wavelength.

[0334] The negative C plate (bl) was adhered onto a
circular polarization type reflection polarizer (al) obtained
as described with a light transparent acrylic pressure-sensi-
tive adhesive agent (NITTO DENKO CORP. with No. 7 to
a thickness of 25 um) and thereafter, a base material was
separated and removed. A circular polarization type reflec-
tion polarizer (al) obtained as described was further lami-
nated thereon and transferred to thereby obtain a polariza-
tion element. The polarization element was used as a second
light condensing element (Y).

[0335] The second light condensing element (Y) in the
Example 3 has a polarized light separating function all over
the visible light band; front transmitted light is circularly
polarized by a polarized light separating function of a
cholesteric liquid crystal. Therefore, a ¥ wavelength plate
(B) was inserted between the polarization plate (PL) on the
backlight side of the liquid crystal cell (LC) and the second
light condensing element (Y) at an inclination of 45° relative
to the polarization axis of the polarization plate (PL) and
adhered therebetween with a light transparent acrylic pres-
sure-sensitive adhesive agent (NITTO DENKO CORP. with
No. 7 to a thickness of 25 um). Circularly polarized light was
converted to a linearly polarized light to thereby enhance a
transmission characteristic through the polarized plate.

[0336] (Backlight System Having First Light Condensing
Section (X))
[0337] Prism sheets were used as the first light condensing

section (X). The prism sheets in use were two BEF films
manufactured by 3M Corp. (made of a polyethylene phtha-
late film each with a thickness of about 180 um, a prism apex
angle of about 90° and a prism pitch of 50 um).

[0338] The two prism sheets were laminated so that prism
edge lines are perpendicular to each other in arrangement on
a dot printing acrylic light guide plate (a side light type
backlight manufactured by Chatani & Co., Ltd.). The back-
light system having the prism sheets as the first light
condensing section (X) had a characteristic condensing light
within £55°.

[0339] (Light Condensing Characteristic of Second Light
Condensing Element (Y))

[0340] A graph shown in FIG. 27 was a measurement
result on a light condensation characteristic when a polar-
ization element (A), which was the second light condensing
element (Y), was used alone in the structure of FIG. 17.
Leakage light was recognized outside the angular range of
+50° in a graph shown in FIG. 27.

[0341]

[0342] A backlight system (BLS) having the first light
condensing section (X) and a second light condensing
element (Y) were arranged in the structure of FIG. 18. FIG.
28 was a measurement result of a light condensation char-
acteristic in the structure of FIG. 18. Note that measurement
of light condensation characteristics of FIGS. 27 and 28
were conducted with Ez-Contrast manufactured by ELDIM.

[0343] Tt is recognized from FIG. 28 that a transmission
component through a collimation film at a large angle
dramatically decreases with the help of first light conden-

(Light Condensing System)
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sation to thereby enable uncomfortable coloring to be elimi-
nated. Emitted light from a light source at an angle outside
the range of £50° decreases by the action of the first light
condensation (X) and no light to be transmitted through the
second light condensing element (Y) remains outside the
range only to cause a second light condensation portion in
the middle to be left. That is, only the front is viewed bright
while when viewed in an oblique direction, no coloring was
observed in an image in pitch darkness.

Example 4
[0344] (Preparation of Second Light Condensing Element
(Y))
[0345] Used as a second light condensing element (Y) was

a polarization element in a structure in which a retardation
plate (b1) is disposed between two linear polarization type
reflection polarizers (a2) having respective polarized light
selective reflection wavelength bands superimposed on each
other and layers (b2) each with a front retardation of about
A/4 were placed on both sides of the retardation plate (b1).

[0346] DBEF manufactured by 3M Corp. were used as
linear polarization type reflection polarizers (a2). A retarda-
tion plate (bl) was prepared according to a method in
conformity with the manufacturing method for a negative C
plate in Example 3. The obtained negative C plate (b1) was
of 8 um in thickness and measurement results of retardation
were such that a retardation in the front direction was 0 nm
and a retardation when inclined by 30° was about 220 nm
(>»/4) for light of 550 nm in wavelength. NRF films
manufactured by NITTO DENKO CORP. (with a front
retardation of 140 nm) were used as retardation plates (b2)
between which the negative C plate was sandwiched and
adhered to linear polarization type reflection polarizers (a2)
one above the other at respective angles 45° (-45°) relative
to the corresponding linear polarization type reflection
polarizers (a2) to thereby obtain a laminate with five layers.
Laminating layers were adhered to one another with a light
transparent acrylic pressure-sensitive adhesive agent
(NITTO DENKO CORP. with No. 7 to a thickness of 25

um).

[0347] (Backlight System Having First Light Condensing
Section (X))

[0348] Used as a backlight system (BLS) having a first
light condensing section (X) was a side light type backlight
with an acrylic light guide having a section in the shape of
a wedge on the top surface of which a microprism array was
formed (which was taken out of a note book personal
computer manufactured by IBM Corp. with a trade name of
Think Pad). The backlight system (BLS) having a first light
condensing section (X) condenses emitted light from a light
source within +50° of the front direction as first light
condensation.

[0349] (Light Condensation Characteristic of Second
Light Condensing Element (Y))

[0350] A graph shown in FIG. 29 was a measurement
result of a light condensation characteristic in the structure
of FIG. 19 when a polarization element (A), which is a
second light condensing element (Y), was used alone. In the
graph of FIG. 29, leakage light was recognized outside the
range of £50° of the front direction. Note that used as a light

Aug. 18,2005

source (L) in the structure of FIG. 19 was a light box
manufactured by Hakuba (a direct under type backlight as a
diffuse light source).

[0351]

[0352] A backlight system (BLS) having the first light
condensing section (X) and a second light condensing
element (Y) were arranged in the structure of FIG. 20. FIG.
30 is a measurement result of an light condensation char-
acteristic in the structure of FIG. 20.

[0353] Tt is recognized from FIG. 30 that a transmission
component through a collimation film at a large angle
dramatically decreases with the help of first light conden-
sation to thereby enable uncomfortable coloring to be elimi-
nated.

(Light Condensing System)

Comparative Example

[0354] Used as a light condensing film was the cholesteric
liquid crystal band pass filter of Example 2. The light
condensing film was disposed on a dot printing light guide
plate. Alight condensation characteristic is as shown in FIG.
2, in which a strong peak of secondary transmission was
observed.

INDUSTRIAL APPLICABILITY

[0355] Alight condensing system of the present invention
can effectively shield light passing-through in an oblique
direction to thereby suppress uncomfortable coloring,
present a good display, realize cost reduction and be suitably
applied in a transmission liquid crystal display.

1. A light condensing system comprising:

a backlight system having a light source and a first light
condensing section (X) capable of condensing emitted
light from the light source within +60° of the front
direction; and

a light condensing film with no patterned structure as a
second light condensing element (Y).
2. The light condensing system according to claim 1,
wherein

the backlight system having the first light condensing
section (X) is a light source and a microprism sheet
array disposed on the light source.
3. The light condensing system according to claim 1,
wherein

the backlight system having the first light condensing
section (X) is a miroprism formed light guide combined
with a light source.
4. The light condensing system according to claim 1,
wherein

the backlight system having the first light condensing
section (X) is a microdot formed light guide combined
with a light source.
5. The light condensing system according to claim 1,
wherein

the light condensing film used as the second light con-
densing element (Y) has no patierned structure; there-
fore, neither a moiré nor an interference fringe occurs
between the light condensing film and a regular pattern
of another optical member by applying the light con-
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densing film to a liquid crystal cell when optical
observation is conducted from the front side (a viewer
side).
6. The light condensing system according to claim 1,
wherein

the light condensing film used as the second light con-
densing element (Y) is a polarization element (A) in a
structure in which a retardation layer (b) is disposed
between at least two reflection polarizers (a) having
respective polarized light selective reflection wave-
length bands superimposing on each other.

7. The light condensing system according to claim 6,

wherein

a reflection polarizer (a) is a circular polarization type
reflection polarizer (al) transmitting circularly polar-
ized light but selectively reflecting a reverse circularly
polarized light and

a retardation layer (b) has a retardation layer (b1) having
a front retardation (in the normal direction) of almost
zero and a retardation of A/8 or more relative to incident
light incoming in a direction inclined from the normal
direction by 30° or more.
8. The light condensing system according to claim 6,
wherein

the reflection polarizer (a) is a linear polarization type
reflection polarizers (a2) transmitting one of linearly
polarized lights perpendicular to each other, but selec-
tively reflecting the other thereof,

the retardation layer (b) comprises a retardation layer (b1)
having a front retardation (in the normal direction) of
almost zero and a retardation of A/4 or more relative to
incident light incoming at a direction inclined from the
normal direction by 30° or more,

layers (b2) each having a front retardation of about h/4
disposed on both sides of the retardation layer (b1), one
of the layers (b2) being disposed between the retarda-
tion layer (b1) and a corresponding linear polarization
type reflection polarizer (a2) and the other of the layers
(b2) being disposed between the retardation layer (b1)
and another linear polarization type reflection polarizer

(a2),

the layer (b2) on the incidence side is arranged at an angle
of 45° (-45°)+5° relative to the polarization axis of the
linear polarization type reflection polarizer (a2) on the
incidence side,

the layer (b2) on the emission side is arranged at an angle
of -45° (45°)£5° relative to the polarization axis of the
linear polarization type reflection polarizer (a2) on the
emission side, and

the layer (b2) on the incidence side and the layer (b2) on
the emission side are arranged at an arbitrary angle
formed between the respective slow axes thereof.
9. The light condensing system according to claim 6,
wherein

the reflection polarizers (a) is a linear polarization type
reflection polarizers (a2) each transmitting one of lin-
early polarized lights perpendicular to each other, but
selectively reflecting the other thereof,
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the retardation layer (b) comprises two biaxial retardation
layers (b3) each having a front retardation of about A/4
and an Nz factor of 2 or more,

the slow axis direction of the layer (b3) on the incidence
side is arranged at an angle of 45° (-45°)£5° relative to
the polarization axis of the linear polarization type
reflection polarizer (a2) on the incidence side,

the slow axis direction of the layer (b3) on the emission
side is arranged at an angle of -45° (+45°)£5° relative
to the polarization axis of the linear polarization type
reflection polarizer (a2) on the emission side, and

the layer (b3) on the incidence side and the layer (b3) on
the emission side are arranged at an arbitrary angle
formed between the respective slow axes thereof.
10. The light condensing system according to claim 6,
wherein

the reflection polarizers (a) is a linear polarization type
reflection polarizers (a2) each transmitting one of lin-
early polarized lights perpendicular to each other, but
selectively reflecting the other thereof,

the retardation layer (b) comprises one biaxial retardation
layer (b4) having a front retardation of about A./2 and an
Nz factor of 1.5 or more,

the slow axis direction of the layer on the incidence side
is arranged at an angle of 45° (-45°)£5° relative to the
polarization axis of the linear polarization type reflec-
tion polarizer (a2) on the incidence side,

the slow axis direction of the layer on the emission side
is arranged at an angle of —45° (45°)£5° relative to the
polarization axis of the linear polarization type reflec-
tion polarizer (a2) on the emission side, and

the polarization axes of the two linear polarization type
reflection polarizers (a2) are almost perpendicular to
each other.

11. The light condensing system according to claim 1,

wherein the light condensing film used as the second light
condensing element (Y) is a band pass filter and the
light source has a bright line spectrum.
12. The light condensing system according to claim 11,
wherein

the band pass filter is an evaporation-deposited multilayer
film band pass filter.
13. The light condensing system according to claim 11,
wherein

the band pass filter is a cholesteric liquid crystal band pass
filter.

14. The light condensing system according to claim 11,
wherein

the band pass filter is a band pass filter constituted of a
stretched film from a base material extruded in multi-
layer laminate made of resin materials having respec-
tive different refractive indexes.
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15. The light condensing system according to claim 11,
wherein

the band pass filter is a band pass filter constituted of a
thin multilayer precision coating film made of resin
materials having respective different refractive indexes.

16. A transmission liquid crystal display comprising at

least:

23
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a light condensing system according to any of claims 1 to
15¢laim 1;

a liquid crystal cell transmitting collimated lights; and

polarization plates disposed on both sides of the liquid
crystal cell.
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