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TRANSFLECTIVE FILM, TRANSFLECTIVE
POLARIZER, AND POLARIZING LIGHT
SOURCE DEVICE AND LIQUID CRYSTAL
DISPLAY DEVICE USING THE SAME

BACKGROUND OF THE INVENTION

1. Technical Field of the Invention

The present invention relates to a transflective liquid crys-
tal display device in which a display screen is illuminated
from back side in a dark place and a display screen is illumi-
nated by utilizing ambient light in a light place, and a light
source device and a member suitable for this.

More particularly, the present invention relates to a trans-
flective film and a transflective polarizer, which can enhance
utilization efficiency of light to make a screen brighter or can
elongate the usable time of a battery, and a polarizing light
source device and a transflective liquid crystal display device
using them.

2. Description of the Related Art

Liquid crystal display devices are used in various fields
since they are portable and light. A liquid crystal molecule in
aliquid crystal display device is nota light emitting substance
such as used in a cathode ray tube (CRT) and the like and only
has a function as a light valve simply controlling polarization
condition of light, therefore, a display screen of a liquid
crystal display device is dark and invisible unless illuminated
by some means. Namely, a reflective liquid crystal display
device adopts a method by which ambient light is incorpo-
rated into a liquid crystal display device and a display screen
is illuminated by this light.

However, in a reflective liquid crystal display device uti-
lizing exclusively ambient light for illumination of a display
screen, though excellent visibility is obtained outdoor under
sunshine, since ambient light is weak in dark place such as
night environment and the like, a display screen cannot be
illuminated sufficiently to give a dark screen, decreasing vis-
ibility remarkably.

As a result, widely adopted are methods in which a liquid
crystal display device is not of complete reflective mode and
adisplay screen is illuminated using an auxiliary light source
in a dark place, namely, is also of transmissive mode.

This dual function of reflection and transmission leads to
the designation, “transflective”. Therefore, a liquid crystal
display device having dual mode of reflective mode and trans-
missive mode is called a transflective liquid crystal display
device.

Here, a conventional transflective liquid crystal display
device is described using FIG. 17. Generally, in a liquid
crystal display device, by electrically changing the orienta-
tion condition of liquid crystal molecules enclosed in liquid
crystal cell 30, the polarization condition of light passing
through this is controlled, and the liquid crystal cell 30 is
constituted of a pair of facing transparent electrodes, namely,
aback side transparent electrode 31 and a front side transpar-
ent electrode 32, and a liquid crystal layer 33 sandwiched
between them. Though omitted in the figure, the liquid crystal
cell 30 also has, in addition to the above-mentioned compo-
nents, cell substrates placed on both most outer surfaces, an
orientated film for orienting the liquid crystal layer 33, and a
color filter layer and the like in the case of color display.

At the front surface of the liquid crystal cell 30, an absorp-
tion-type polarizer 41 for detecting the polarization condition
of light transmitting it is placed, and additionally, optical
elements such as a phase retardar 42 and the like are also
placed. On the other hand, on the back surface of the liquid
crystal cell 30, a polarizing light source device 93 for extract-
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ing only specific polarized light and emitting it toward the
liquid crystal cell 30 is placed, if necessary via a phase
retarder (not shown in figure) at the back surface side. In the
polarizing light source device 93, a transflective polarizer 92
comprising an absorption-type polarizer 90 and an optical
film 91 having a transflective function is placed at a position
facing the liquid crystal cell 30, further, on the back face side,
a light source device 61 is placed. The light source device 61
comprises a light guide plate 52 having a light source 51 at the
side or lower position, and a reflector 53 at the back of the
light guide plate 52, and when the light source 51 is placed at
the side position, light from this is reflected by a reflecting
mirror 54, and substantially all of this is guided to the light
guide plate 52, further, emitted toward the transflective polar-
izer 92. The transflective liquid crystal display device 94 is
constituted as described above. Therefore, the conventional
transflective polarizer 92 has a structure in which the absorp-
tion-type polarizer 90 and the optical film 91 having a trans-
flective function are laminated, as shown in FIG. 18.

As the conventional optical film 91 having a transflective
function used in such a transflective liquid crystal display
device, there are known a film obtained by dispersing a light
diffusing substance into a transparent or semi-transparent
resin film as described for example in JP-A-55-46707, a film
obtained by dispersing pearl luster pigments uniformly in a
transparent substance and utilizing reflection at the surface of
pearl luster pigments as described for example in JP-A-55-
84975, and the like. These films had a problem that since a
reflecting ability is manifested by back diffusing, the con-
densing effect of a lens sheet used for improving the front
luminance of a transmissive liquid crystal display device is
usually lowered, consequently, the front luminance is not
improved.

On the other hand, in a transmissive liquid crystal display
device, a system improving luminance using a reflection-type
polarizer has recently been adopted as described, for
example, in JP-A-63-168626, 6-51339 and 6-324333 and
WO095/27919. In this system, by allowing a reflection-type
polarizer to intervene between a light guide plate, which is a
light source in a transmissive liquid crystal display device,
and an absorption-type polarizer placed on a back surface side
of a liquid crystal cell (hereinafter, referred to a back side
absorption-type polarizer), one of the polarization compo-
nent of light emitted from a light source or a light guide plate
is reflected to return it to the light source or the light guide
plate before being absorbed by the back side absorption-type
polarizer, to cause polarization change or depolarization, con-
sequently, light is recycled.

However, even if such a system improving luminance is
tried to be applied to the conventional transflective liquid
crystal display device, since the optical film 91 having a
transflective function intervenes between the back side
absorption-type polarizer 90 and the light source device 61 or
the light guide plate 52 as shown in FIG. 17 in the conven-
tional transflective liquid crystal display device, when a
reflection-type polarizer is placed on the light source device
61 or the light guide plate 52, polarization condition is broken
at the optical film 91 and a sufficient effect cannot be mani-
fested.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a transflec-
tive film or a transflective polarizer utilizable in a system
improving luminance in a transflective liquid crystal display
device, and by this, to provide a transflective liquid crystal
display device which screen luminance can be enhanced or
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consumption power can be suppressed at the same screen
luminance as conventional, or a light source device used for
this. Another object of the present invention is to improve
visibility under solar light by imparting slight reflection abil-
ity while applying a system improving luminance and mainly
respecting use as a transmissive liquid crystal display device.

The present inventors have found that a transflective film
utilizable in a system improving luminance can be provided
by restricting the in-plane phase retardation value of a poly-
mer film as a substrate to a value as described herein, and/or,
by using an inorganic compound as the material of a trans-
flective layer, further, by imparting a shape as described
herein to the surface of a polymer film. Further, it has been
found that a transflective polarizer which is utilizable in a
system improving luminance can be provided by laminating
this transflective film with an absorption-type polarizer. Fur-
thermore, it has been found that even if in-plane phase retar-
dation value is not restricted, a transflective polarizer
obtained by laminating a polymer film having a transflective
layer formed, a reflection-type polarizer, and an absorption-
type polarizer in this order can itself attain a system improv-
ing luminance, and consequently, a high vision liquid crystal
display device can be provided.

Namely, the present invention provides a transflective film
comprising a polymer film having an in-plane phase retarda-
tion value of about 30 nm or less and a transflective layer
made of an inorganic compound, wherein the transflective
layer is coated on the polymer film and a reflectance of the
transflective film is from about 10% to about 95%. Here, a
rough surface may be formed on at least one surface of the
polymer film, and in this case, it is advantageous to coat a
transflective layer on this rough surface to give the transflec-
tive film of the present invention.

By laminating an absorption-type polarizer on this trans-
flective film, a transflective polarizer utilizable in a system
improving luminance can be produced. Hereinafter this film
is referred to a transflective polarizer (1). Further, by laminat-
ing the reflection-type polarizer on the opposite side to the
absorption-type polarizer so that the reflection-type polarizer
faces the transflective film, a transflective polarizer utilizable
itself in a system improving luminance can be obtained. Here-
inafter this film is referred to a transflective polarizer (2).

The present invention provides a transflective polarizer
obtained by laminating a polymer film having one surface on
which a transflective layer made of an inorganic compound is
formed, a reflection-type polarizer, and an absorption-type
polarizer in this order. Hereinafter this film is referred to a
transflective polarizer (3). This transflective polarizer (3) is
itself utilizable in a system improving luminance.

The present invention provides a transflective polarizer
obtained by laminating a polymer film formed an irregular
shape on at least one surface thereof and a transflective layer
made of a metal or inorganic compound on the irregular
shape, a reflection-type polarizer and an absorption-type
polarizer, wherein the polymer film, the reflection-type polar-
izer and the absorption-type polarizer are laminated in this
order. Hereinafter this film is referred to a transflective polar-
izer (4). This transflective polarizer (4) is itself utilizable in a
system improving luminance.

In any of the transflective polarizers (1) to (4) of the present
invention, at least one light diffusing layer may be laminated
to any position on the same optical path. The light diffusing
layer preferably has an in-plane phase retardation value of
about 30 nm or less.

In any of the transflective polarizer (1) to (4) of the present
invention, it is preferable that at least one pair of adjacent
films or layers are closely laminated using a pressure-sensi-
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tive adhesive, for the purpose of making handling easy and
preventing unnecessary reflection by the interface with air.
Therefore, in the case of lamination of a light diffusing layer
to give the transflective film of the present invention, it is
convenient in integrated lamination that the light diffusing
layer has adhesive property.

In addition, the present invention provides a polarizing
light source device comprising any of the transflective polar-
izers (1)to (4) of the present invention, a light source member
and a reflector, wherein the light source member and reflector
are placed in this order on the polymer film side of the trans-
flective polarizer.

Further, the present invention provides a transflective lig-
uid crystal display device comprising the polarizing light
source device of the present invention, a liquid crystal cell and
an absorption-type polarizer placed on a front surface side of
the liquid crystal cell (hereinafter, referred to a front side
absorption-type polarizer), wherein the liquid crystal cell and
an front side absorption-type polarizer are placed in this order
on the transflective polarizer side of the polarizing light
source device. Here, a light diffusing layer may be laminated
between the liquid crystal cell and the front side absorption-
type polarizer. Further, it is preferable that at least one pair of
members from the transflective polarizer to the front side
absorption-type polarizer are closely laminated by a pressure-
sensitive adhesive.

Further scope of applicability of the present invention will
become apparent from the detailed description given herein-
after. However, it should be understood that the detailed
description and specific examples, while indicating preferred
embodiments of the invention, are given by way ofillustration
only, since various changes and modifications within the
spirit and scope of the invention will become apparent to
those skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given herein below and accom-
panying drawings which are given by way of illustration only,
and thus are not limitative of the present invention and
wherein:

FIG. 1isaschematic sectional view showing an example of
alayer constitution in a transflective film of the present inven-
tion,;

FIGS. 2(a) to 2(b) are schematic sectional views showing
an example of a layer constitution in a transflective polarizer
of the present invention;

FIGS. 3(a) to 3(b) are schematic sectional views showing
an example of a layer constitution when a reflection-type
polarizer is used in a transflective polarizer of the present
invention;

FIGS. 4(a) to 4(b) are schematic sectional views showing
another example of a layer constitution in a transflective
polarizer of the present invention;

FIG. 5 is a schematic sectional view showing further
another example of a layer constitution in a transflective
polarizer of the present invention;

FIG. 6 is a perspective view schematically showing an
example of an irregular form;

FIGS. 7(a)to 7(c) are views schematically showing several
examples of the section of an irregular form;

FIG. 8isaperspective view schematically showing another
example of an irregular form;

FIG. 91isaschematic sectional view showing an example of
a layer constitution when a light diffusing layer is used in a
transflective polarizer of the present invention;
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FIG. 10 is a schematic sectional view showing an example
of a liquid crystal display device of the present invention;

FIG. 11 is a schematic sectional view showing another
example of a liquid crystal display device of the present
invention;

FIG. 12 is a schematic sectional view showing further
another example of a liquid crystal display device of the
present invention;

FIGS. 13(a) to 13(4) are schematic sectional views show-
ing a constitution ofa polarizing light source device evaluated
in Reference Example 2;

FIG. 14 is a schematic sectional view showing a constitu-
tion of an apparatus used for luminance measurement in
Reference Example 2;

FIGS. 15(a) to 15(b) are schematic sectional views show-
ing a constitution of'a polarizing light source device evaluated
in Reference Example 7,

FIG. 16 is a schematic sectional view showing a constitu-
tion of a polarizing light source device evaluated in Reference
Example 13;

FIG. 17 is a schematic sectional view showing a constitu-
tion of a conventional transflective liquid crystal display
device; and

FIG. 18 is a schematic sectional view showing a layer
constitution of a conventional transflective polarizer.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Detailed description will be made below for making the
present invention clear, referring to drawings showing spe-
cific examples thereof.

FIG. 1 is a sectional view schematically showing the layer
structure of a transflective film 10 of the present invention. As
shown in this figure, the transflective film 10 of the present
invention is obtained by coating a transflective layer 21 made
ofan inorganic compound on a polymer film 22. This polymer
film 22 has an in-plane phase retardation value of about 30 pm
or less. The transflective film 10 is made to have a reflectance
of from about 10% to about 95%. A rough surface may be
formed on at least one surface of the polymer film 22, and the
transflective layer 21 may be coated on this rough surface, to
give a transflective film of the present invention.

The inorganic compound constituting the transflective
layer 21 can be used without specific restriction providing it
has utilization efficiency of light. The utilization efficiency of
light is a value calculated by the following formula (I) or (II).

)

(Utilization efficiency
i = [(amount of incident light) —
of light)

(amount of absorption light)] +

(amount of incident light)

= 1 — (light absorptance)

(I

(Utilization efficiency of light) = (light transmittance) +
(light reflectance)

The transflective layer 21 is more preferable when the
utilization efficiency of light is higher. Therefore, the utiliza-
tion efficiency of light is preferably about 80% or more,
further preferably about 90% or more, particularly preferably
about 95% or more.

The inorganic compound constituting the transflective
layer 21 is preferably colorless, but a colored inorganic com-
pound can be used for the purpose of imparting an ornamental
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property. As the inorganic compound for the transflective
layer 21, inorganic oxides, inorganic sulfides, inorganic fluo-
rides and the like can be used. Examples of the inorganic
oxide include silicon oxide, zinc oxide, titanium oxide, nio-
bium oxide, cerium oxide, indium-tin oxide, tungsten oxide,
molybdenum oxide, antimony oxide, aluminum oxide, zirco-
nium oxide and the like. Examples of the inorganic sulfide
include zine sulfide, antimony sulfide and the like. Examples
of the inorganic fluoride include aluminum fluoride, barium
fluoride, calcium fluoride, cerium fluoride, aluminum fluo-
ride, lanthanum fluoride, lead fluoride, lithium fluoride, mag-
nesium fluoride, niobium fluoride, samarium fluoride,
sodium fluoride, strontium fluoride, yttrium fluoride and the
like. In the present invention, itis preferable that the inorganic
compound constituting the transflective layer 21 has a refrac-
tiveindex of about 1.9 or more, for the purpose of manifesting
a reflection property.

In the present invention, a transflective layer 21 composed
of at least one layer is formed using these inorganic com-
pounds. If necessary, the transflective layer 21 may be a
multiple layer, and in the case of a multiple layer, it may be
composed of the same layers or of difference layers, further,
a layer other than the inorganic compound layer may be
coated. The thickness of the transflective layer 21 is not
particularly restricted, and appropriately set depending on the
desired transmittance or reflectance. For example, when the
inorganic compound is formed of a single layer, a high reflec-
tion coating may be formed, namely, the optical thickness of
the layer can be made to one-fourth ofthe specific wavelength
in the visible region, or odd number-fold thereof, for enhanc-
ing a reflective ability. Optical thickness is described, for
example, in “Theory of Optics” pages 91 to 99, written by M.
Born and E. Wolf (Tokai University Publication, 5th edition,
1985: English version is published from Pergamon Press).
When the transflective layer 21 has a multi-layer constitution,
thickness of each layer can be determined depending on the
desired transmittance or reflectance, like in the case of a
single layer.

The material of the polymer film 22 constituting another
layer of the transflective film 10 is not particularly restricted
providing it allows transmission of light. For example, syn-
thetic thermoplastic polymers such as polyolefin resins such
as polyethylene and polypropylene, polyvinyl chloride res-
ins, vinyl acetate resins, polyester resins such as polyethylene
terephthalate and polyethylene naphthalate, cyclic polyolefin
resins such as norbornene resins, polycarbonates, polysul-
fones, polyether sulfones, polyarylates, polyvinyl alcohols,
polyacrylates, polymethacrylates and the like, synthetic ther-
mosetting polymers such as epoxy resins, phenol resins, ure-
thane resins and the like, and natural polymers such as cellu-
lose resins such as cellulose diacetate, cellulose triacetate and
the like, can be used. The polymer film may also be a lami-
nated film composed of two or more layers, if necessary. In
this case, polymer materials of the layers may be the same or
different.

A colorless and transparent polymer is preferable for usual
use since white is manifested when a transflective liquid
crystal display device is used in the transmissive mode, how-
ever, it may be colored to give an ornamental property. Fur-
ther, fine particles can be dispersed to give a function as a light
diffusing layer. The material of the fine particle is not particu-
larly restricted, and known organic or inorganic fine particles
can be used. As the organic fine particle, for example, par-
ticles of polystyrenes, polyolefins such as polyethylene and
polypropylene, (meth)acrylic polymers such as poly-
methacrylates and polyacrylates, and the like, are listed, and
cross-linking polymers may also be permissible. Further,
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copolymers obtained by copolymerizing two or more mono-
mers selected from ethylene, propylene, styrene, methyl
methacrylate, benzoguanamine, formaldehyde, melamine,
butadiene and the like can also be used. As the inorganic fine
particles, for example, particles of silica, silicone, titanium
oxide, aluminum oxide, calcium carbonate and the like are
listed. On the surface of fine particles, coupling treatment
may be performed for improving close adherence with a
resin. The form of particles is not particularly restricted, and
sphere is one preferable form. Though the average-particle
diameter of particles is also not restricted particularly, it is
preferably in the range from about 1 pm to about 10 um in
view of the influence on polarization and display quality in
use in a liquid crystal display device.

Into the polymer film 22, known additives for polymers can
be added such as antioxidants, ultraviolet absorbers, plasti-
cizers and the like. Though the thickness of the polymer film
22 is not particularly restricted, itis preferably about 10 pm or
more and about 500 um or less since when it is too thin,
handling is difficult, and when too thick, space saving and
lightening are prevented. More preferably, it is about 25 um or
more and about 200 um or less.

On the surface of the polymer film 22, chemical or physical
treatments may be performed if necessary such as saponifi-
cation treatment, corona treatment, easy-adhesion treatment,
releasing treatment, hard coat treatment and the like. Ofthem,
coat of so-called easy-adhesion layer, hard coat layer and the
like is effective for increasing the adhesion and surface hard-
ness of the transflective layer 21. The surface of the polymer
film 22 may be a smooth surface or a rough surface. For
formation of a rough surface, known various methods can be
used such as transfer of a form by an emboss roll, hair line
treatment of shaving the surface by a metal and the like, sand
blast method of spraying fine particles onto the surface, a
method of applying a thermosetting or photosetting resin
containing dispersed fine particles on the surface to form a
hardened film, and the like. When the surface of the polymer
film 22 is processed into a rough surface, only one surface or
both surfaces may be made into a rough surface. When thus at
least one surface of the polymer film 22 is a rough surface, it
is advantageous to provide a transflective layer 21 made of an
inorganic compound on this rough surface.

When the transflective film 10 is singly applied to a liquid
crystal display device, it can be placed at any position
between a back side absorption-type polarizer and a light
source device in a liquid crystal display device. When a
reflection-type polarizer is incorporated for utilizing the
above-mentioned system improving luminance, it is no prob-
lem to place the reflection-type polarizer between the back
side absorption-type polarizer and the transflective film,
while when the reflection-type polarizer is placed between
the transflective film and the light source device, if the trans-
flective film has an in-plane phase retardation, the polariza-
tion condition of polarized light transmitted the reflection-
type polarizer is changed by the influence of the in-plane
phase retardation, leading sometimes to an impossibility of
sufficient ability. Therefore, the in-plane phase retardation
value of a transflective film, particularly, of a polymer film 22
constituting it is regulated to about 30 nm or less, lowering the
influence on polarized light. It is more preferable when the
in-plane phase retardation value of the polymer film 22 is
smaller, accordingly, it is more preferably about 10 nm or
less.

For regulating the in-plane phase retardation value of the
polymer film 22 to about 30 nm or less, known methods can
be adopted such as a method in which a transparent polymer
is made into a film by a casting method or extrusion method,
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then, the molecular orientation is relaxed by annealing treat-
ment if necessary, to decrease phase retardation, and other
methods. Further, transparent polymers not easily manifest-
ing phase retardation can also be used. For example, when
norbornene resins, polymethyl methacrylates, cellulose res-
ins such as cellulose diacetate and cellulose triacetate, and the
like are used, the in-plane phase retardation value is small and
annealing treatment may be unnecessary in general, even if a
film is made by an extrusion method.

The transflective film 10 obtained by coating the transflec-
tive layer 21 made of an inorganic compound on the polymer
film 22 as described above can be made into a transflective
polarizer by further laminating an absorption-type polarizer.
An example of this transflective polarizer 11 is shown in FIG.
2. In this case, the absorption-type polarizer 23 may be placed
at the polymer film 22 side constituting the transflective film
as shown in FIG. 2(a), or may be placed at the transflective
layer 21 side constituting the transflective film as shown in
FIG. 2(b), however, if the film 23 is placed so that the polymer
film 22 constituting the transflective film faces the absorp-
tion-type polarizer 23, the transflective layer 21 forms an
interface with air, and the reflectance can be enhanced.

On this transflective polarizer, a reflection-type polarizer
can be further laminated. An example of this case is shown in
FIG. 3. FIG. 3(a) shows an example of placing a reflection-
type polarizer 24 at the transflective layer 21 side in a layer
constitution composed of absorption-type polarizer 23/poly-
mer film 22/transflective layer 21 shown in FIG. 2(a). FIG.
3(b) shows an example of placing a reflection-type polarizer
24 at the polymer film 22 side in a layer constitution com-
posed of absorption-type polarizer 23/transflective layer
21/polymer film 22 shown in FIG. 2(54). When the reflection-
type polarizer 24 is thus laminated, the reflection-type polar-
izer 24 is placed at the opposite side to a surface on which the
absorption-type polarizer 23 is placed of the transflective film
constituted of the transflective layer 21 and the polymer film
22. For utilizing a system improving luminance with the
reflection-type polarizer 24, the polarization transmission
axis of the absorption-type polarizer 23 and the polarization
transmission axis of the reflection-type polarizer 24 are made
approximately parallel.

The absorption-type polarizer 23 allows transmission of
polarized light along the specific vibration direction, and
absorbs polarizaed light of the crossing direction. The polar-
ization transmission axis of an absorption-type polarizer
means a direction at which the transmittance is maximum
when polarized light of specific vibration direction is entered
along the vertical direction of this polarizer.

As such an absorption-type polarizer, for example, known
iodine-based polarizers and dye-based polarizers can be used.
The iodine-based polarizer is a film prepared by adsorption of
oriented iodine complex onto a streched polyvinyl alcohol
film, and the dye-based polarizer is a film prepared by adsorp-
tion of an oriented dichroic dye onto a streched polyvinyl
alcohol film. These polarizers are preferably laminated with a
polymer film, on its one surface or both surfaces, for improve-
ment in durability. As the material of the polymer used for
laminating for protection, cellulose diacetate, cellulose triac-
etate, polyethylene terephthalate, norbornene resins and the
like can be used. Use of the polymer film constituting the
transflective film of the present invention as the polymer for
protecting an absorption-type polarizer is advantageous since
then the thickness of a transflective polarizer can be
decreased.

Though the thickness of an absorption-type polarizer is not
particularly restricted, when the transflective polarizer of the
present invention is used in a liquid crystal display device and
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the like, it is preferable that the thickness of the absorption-
type polarizer is smaller. Specifically, the thickness is prefer-
ably about 1 mm or less, further preferably about 0.2 mm or
less.

The reflection-type polarizer 24 allows transmission of
polarized light along the specific vibration direction, and
reflection of polarized light of the crossing direction. The
polarization transmission axis of a reflection-type polarizer
means a direction at which the transmittance is maximum
when polarized light of specific vibration direction is entered
along the vertical direction of this polarizer, and the polariza-
tion reflection axis means a direction crossing it.

As such areflection-type polarizer, for example, reflection-
type polarizers utilizing a difference in the reflectance of
polarization components by Brewster angle (for example,
those described in W(092/22838), reflection-type polarizers
on which fine metal line patterns have been performed (for
example, those described in JP-A-2-308106), reflection-type
polarizers prepared by laminating at least two kinds of poly-
mer films and utilizing the anisotropy of the reflectance by
refractive index anisotropy (for example, those described in
W095/17303), reflection-type polarizers having a sea-island
structure formed of at least two kinds of polymers in a poly-
mer film and utilizing the anisotropy of the reflectance by
refractive index anisotropy (for example, those described in
U.S. Pat. No. 5,825,543), reflection-type polarizers having a
structure in which particles are dispersed in a polymer film,
and utilizing the anisotropy of the reflectance by refractive
index anisotropy (for example, those described in W97/
41484), reflection-type polarizers having a structure in which
inorganic particles are dispersed in a polymer film, and uti-
lizing the anisotropy of the reflectance based on a difference
in scattering ability depending on the size of particles (for
example, those described in JP-A-9-297204), reflection-type
polarizers utilizing selective reflection property by a choles-
teric liquid crystal (for example, those described in JP-A-3-
45906), and the like are listed.

Though the thickness of a reflection-type polarizer is not
particularly restricted, when the transflective polarizer of the
present invention is used in a liquid crystal display device and
the like, it is preferable that the thickness of the reflection-
type polarizer is smaller. Specifically, the thickness is prefer-
ably about 1 mm or less, further preferably about 0.2 mm or
less. Therefore, the reflection-type polarizers prepared by
laminating at least two kinds of polymer films and utilizing
the anisotropy of the reflectance by refractive index anisot-
ropy, the reflection-type polarizers having a sea-island struc-
ture formed of at least two kinds of polymers in a polymer
film and utilizing the anisotropy of the reflectance by refrac-
tive index anisotropy, and the reflection-type polarizers uti-
lizing selective reflection property by a cholesteric liquid
crystal are particularly preferable since the thickness of the
transflective polarizer of the present invention is decreased by
using them.

The transflective polarizer (3) 12 of the present invention is
obtained by laminating a polymer film 25 having one surface
on which a transflective layer 21 made of an inorganic com-
pound is formed, a reflection-type polarizer 24, and an
absorption-type polarizer 23 in this order, as shown by the
schematic sectional view in FIG. 4.

In this case, though the polymer film 25 and the reflection-
type polarizer 24 may be placed so that they are adjacent
mutually as shown in FIG. 4(a) or the transflective layer 21
and the reflection-type polarizer 24 may be placed so that they
are adjacent mutually as shown in F1G. 4(b), when the poly-
mer film 25 and the reflection-type polarizer 24 are placed so
that they are adjacent mutually as in the former case, the
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transflective layer 21 forms an interface with air, and the
reflectance can be enhanced. The polarization transmission
axis of the reflection-type polarizer 24 and the polarization
transmission axis of the absorption-type polarizer 23 are
made approximately parallel. As the transflective layer 21,
reflection-type polarizer 24 and absorption-type polarizer 23,
those which can be used in the transflective polarizer (2) 11 of
the present invention can be used likewise. As the material
used for the polymer film 25, those which can be used in the
transflective polarizer (2) 11 of the present invention can be
used likewise.

In the transflective layer 20 of the present invention, the
in-plane phase retardation value of the polymer film 22 was
restricted to about 30nm or less. The reason for this is to allow
a system improving luminance of a liquid crystal display
device to function effectively. The system improving lumi-
nance is realized by laminating an absorption-type polarizer
and a reflection-type polarizer in a polarizing light source
device. Here, a transflective film may sometimes intervene
between an absorption-type polarizer and a reflection-type
polarizer, and in this case, if the transflective film has the
in-plane phase retardation, there is a possibility of exerting a
reverse influence on the system improving luminance.

However, in the transflective polarizer (3) 12, the lamina-
tion order of the polymer film 25 on which the transflective
layer 21 has been formed, the reflection-type polarizer 24 and
the absorption-type polarizer 23 is determined so as not to
exert a reverse influence on the system improving luminance.
Therefore, regarding the polymer film 25 here used, the
restriction of the in-plane phase retardation value is not nec-
essary.

The transflective polarizer (4) 13 of the present invention is
obtained by laminating a polymer film 26 having on at least
one surface an irregular shape formed of a transflective layer
27 made of a metal or inorganic compound, a reflection-type
polarizer 24, and an absorption-type polarizer 23 on the same
optical path, as shown by the schematic sectional view in FIG.
5. The polarization transmission axis of the reflection-type
polarizer 24 and the polarization transmission axis of the
absorption-type polarizer 23 are made approximately paral-
lel. Inanexample shown in FIG. 5(a), the irregular form of the
polymer film 26 is placed outside of the transflective polarizer
13. In an example shown in FIG. 5(b), the irregular form is
placed at the reflection-type polarizer 24 side of the polymer
film 26. As the reflection-type polarizer 24 and absorption-
type polarizer 23, those which can be used in the transflective
polarizer (2) 11 of the present invention can be used likewise.
As the material used for the polymer film 26, those which can
be used in the transflective polarizer (3) 12 of the present
invention can be used likewise. When used in the transflective
polarizer (4) 13, the restriction of the in-plane phase retarda-
tion value is not necessary because of the same reason as for
the transflective polarizer (3) 12.

The specific form of the irregularity formed on at least one
surface of the polymer film 26 is not particularly restricted,
and may be a random rough surface or that having a regular
structure. As the regular structure, for example, a structure in
the form of stripe as shown in FIG. 6 is mentioned, and the
sectional surface of which may be in the form of saw blade as
shown in FIG. 7(a), in the form of isosceles triangle as shown
in FIG. 7(b), or in the form of wave as shown in FIG. 7(c). As
the regular structure, for example, a lattice structure as shown
in FIG. 8 may be used, and the each unit of the lattice may be
in the form of pyramid such as square pyramid and the like,
cone or hemisphere or wave. These forms may be com-
pounded, further, finer random forms may be imparted in
addition to the regular forms.
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The random rough surface can be provided by known vari-
ous methods such as transfer of form by an emboss roll, hair
line treatment of shaving the surface by a metal and the like,
sand blast method of spraying fine particles onto the surface,
a method of applying a thermosetting or photosetting resin
containing dispersed spherical or amorphous fine particles on
the surface to form a hard-coated film, and the like. The rough
surface of regular form can be provided by known various
methods such as a method of extrusion through a dice, a
method of embossing by a roll, and the like. In the case of a
regular form, the pitch of the top lies within the range of
preferably from about 10 to about 500 um in view of use of the
transflective polarizer of the present invention in a liquid
crystal display device. Angle and inclination and the like of
the surface can be freely set corresponding to desired abili-
ties.

On these rough surfaces, a transflective layer made of a
metal or inorganic compound is formed. As the transflective
layer made of an inorganic compound, those which can be
used for the transflective film 10 of the present invention can
be used likewise. As the metal, aluminum, silver and the like
can be suitably used.

Use of a metal thin film as a transflective layer is a simple
method, and can be applied not only in the transflective polar-
izer (4) but also in the transflective polarizers (1) to (3).
However, in general, metals show more significant absorption
in the visible range as compared with inorganic compounds,
and further, this absorption increases in the case of a trans-
flective layer respecting transmission, consequently, utiliza-
tion efficiency of light thereof tends to be somewhat inferior
as compared with inorganic compounds. On the other hand,
when a metal is used, a transflective layer respecting reflec-
tion is easily formed. In the case of the transflective polarizer
(4) 13, particularly when a transflective layer respecting
reflection is used, an effect of deviating the main reflection
direction of outer light out of the mirror surface reflection
direction at the most outer surface of a liquid crystal display
device increases, leading to excellent visibility of a display
screen. Namely, in the case of the transflective polarizer (4), a
function of controlling the outer light reflection direction in a
design respecting reflection is added, in addition to effective
utilization of a system improving luminance, and improve-
ment in visibility outside by impartment of a reflection ability.

For realizing white and clear vision in use of a transflective
polarizer as a reflective mode, diffusing of ambient light at
somewhere is necessary. In use as transmission type, it may
be preferable in some cases to impart a light diffusing layer
for the purpose of making the illumination of a light source
device uniform. An example in this case is shown in FIG. 9.
FIG. 9(a) is an example showing a layer constitution com-
posed of absorption-type polarizer 23/polymer film 22/trans-
flective layer 21 shown in FI1G. 2(a) wherein a light diffusing
layer 28 is placed between the absorption-type polarizer 23
and the polymer film 22. FIG. 9(5) is likewise an example
showing a layer constitution shown in FIG. 2(a) wherein a
light diffusing layer 28 is placed outside of the absorption-
type polarizer 23. When a light diffusing layer 28 is thus
laminated, the light diffusing layer 28 can be placed on any
one surface of the absorption-type polarizer 23, however, if
desired, the light diffusing layer 28 can be placed on both
surfaces of the absorption-type polarizer 23. Though FIG. 9
shows examples of adding a light diffusing layer 28 to a layer
structure of FIG. 2(a), a light diffusing layer 28 can be placed
on one surface of both surfaces of an absorption-type polar-
izer 23 or a reflection-type polarizer 24 also in layer consti-
tutions of any of FIGS. 2 to 5, additionally.
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Tt is preferable that the light diffusing layer 28 does not
exert an influence on polarized light transmitted in a trans-
flective liquid crystal display device, for example, it is pref-
erable the in-plane phase retardation value thereofis about 30
nm or less. Since it is advantageous that the light diffusing
layer 28 shows high total light transmittance, the total light
transmittance is preferably about 80% or more, more prefer-
ably about 90% or more. The haze which is an index showing
the diffusing ability of the light diffusing layer 28 is option-
ally set depending on the desired diffusing ability, and usually
about 30% or more and about 95% or less, preferably about
60% or more and about 95% or less. Here, the haze is a value
represented by the formula:

{diffusing light transmittance)/(total light transmit-
tance)x100(%).

The material of the light diffusing layer 28 is not particu-
larly restricted, and polymer films and light diffusing pres-
sure-sensitive adhesives each containing dispersed organic or
inorganic fine particles and refractive index modulation-type
light diffusing films, and the like, for example, are suitably
used. For reducing the number of members of a transflective
polarizer to decrease the thickness, the light diffusing pres-
sure-sensitive adhesive containing dispersed organic or inor-
ganic fine particles is one of particularly preferable light
diffusing layers. Here, as the material constituting the organic
or inorganic fine particles, polymethyl-methacrylate, poly-
styrene, silicone, silica, titanium oxide and the like are listed.

For making handling of a transflective polarizer of the
present invention easy, it is preferable that constituent films
and interlaminar spaces are closely adhered with a pressure-
sensitive adhesive. By close adherence, loss of light by unnec-
essary reflection can be prevented. As the pressure-sensitive
adhesive, known various adhesives can be used. For example,
acrylate-based pressure-sensitive adhesives, rubber-based
pressure-sensitive adhesives, silicone-based pressure-sensi-
tive adhesives, urethane-based pressure-sensitive adhesives,
and the like are listed. Of them, acrylate-based pressure-
sensitive adhesives are preferably used. The thickness of the
pressure-sensitive adhesive is not particularly restricted, and
usually about 1 um or more and about 100 pm or less, pref-
erably about 20 um or more and about 50 pm or less.

On the transflective polarizer of the present invention, a
phase retarder may also be laminated for effecting optical
compensation. Examples of the suitable phase retarder
include films obtained by mono-axial or bi-axial stretching of
films composed of synthetic polymers such as polycarbon-
ates, polyarylates, polysulfones, norbornene resins and the
like, or natural polymers such as cellulose diacetate, cellulose
triacetate and the like, and films obtained by applying a com-
pound or liquid crystal composition having optical anisotropy
on a transparent polymer film (for example, “WVfilm” manu-
factured by Fuji Photo Film Co., Ltd., “NH film” and “LC
film” manufactured by Nippon Sekiyu Kagaku K.K., “VAC
film” manufactured by Sumitomo Chemical Co., Ltd., and the
like). When optical compensation of a liquid cell is intended,
a phase retarder is placed to the liquid cell side of a transflec-
tive polarizer. It is desirable that these members are closely
laminated with a pressure-sensitive adhesive for preventing
loss of light due to intervention of an air layer.

A polarizing light source device can be made using the
transflective polarizer of the present invention, in which
absorption-type polarizer side of the transflective polarizer is
used as a light emitting surface. Further, a display liquid
crystal cell can be placed at the absorption-type polarizer side
of the polarizing light source device to make a transflective
liquid crystal display device. These polarizing light source
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device and transflective liquid crystal display device will be
illustrated based on examples shown in the schematic sec-
tional views of FIGS. 10 to 12.

In examples shown in FIGS. 10 and 11, a light source
device 61 or 62 is placed at the transflective layer 21 side of a
transflective polarizer 11 obtained by laminating the same
transflective layer 21 made of an inorganic compound, poly-
mer film 22 having an in-plane phase retardation value of
about 30 nm or less, light diffusing layer 28 and absorption-
type polarizer 23 as shown in FIG. 4(a) in this order, to
constitute a polarizing light source device 64 or 65.

The light source device 61 in FIG. 10 is called side light
type, and comprises a light source 51, light guide plate 52, and
areflector 53 placed at the back of the light guide plate 52, and
light from the light source 51 placed at the side face of the
light guide plate 52 is reflected by a reflecting mirror 54
covering the side not facing the light guide plate 52 of the light
source 51, and first entered into the light guide plate 52,
progresses therein, and emitted uniformly from the front sur-
face side of the light guide plate 52, together with reflection at
the reflector 53. Such a light source device 61 is placed at the
transflective layer 21 side of the transflective polarizer 11, to
constitute a polarizing light source device 64. Further, the
absorption-type polarizer 23 side of the transflective polarizer
11 is placed facing the back of a liquid crystal cell 30, and a
phase retarder 42 and an absorption-type polarizer 41 are
placed at the front surface side of the liquid crystal cell 30, to
constitute a transflective liquid crystal display device 67.

On the other hand, the light source device 62 in FIG. 11 is
called subjacent type, and comprises a light source 51, and a
reflector 53 placed at the back side of the light source, and
directly emitted light from the light source 51 and reflected
light by the reflector are both used for illumination. Such a
light source device 62 is placed at the transflective layer 21
side of the transflective polarizer 11, to constitute a polarizing
light source device 65. Further, the absorption-type polarizer
23 side of the transflective polarizer 11 is placed facing the
back of a liquid crystal cell 30, and a phase retarder 42 and an
absorption-type polarizer 41 are placed at the front surface
side of the liquid crystal cell 30, to constitute a transflective
liquid crystal display device 68.

As described above, in the polarizing light source device of
the present invention, the light source device 61 or 62 is
placed at the transflective layer 21 side of the transflective
polarizer 11 as exemplified in FIGS. 2 to 4. Here, the light
source device comprises a light source member and a reflec-
tor, and any of the so-called side light mode light source
device as exemplified in FIG. 10 and the so-called subjacent
mode light source device as exemplified in FIG. 11 can be
used. In the case of the side light mode as shown in FIG. 10,
alight source member is constituted of the light source 51 and
the light guide plate 52. In the light source device, a diffusion
sheet and a lens sheet can be placed at the emitting surface
side thereof, if necessary. Particularly, in the side light mode,
diffusion sheets and lens sheets are widely used also in con-
ventional polarizing light source devices, and also in the
polarizing light source device of the present invention, one of
them or both of them can be placed likewise.

In the example of FIG. 12, a reflection-type polarizer 24 is
placed on the light source device 61 constituted of the light
source 51 as shown in FIG. 10, light guide plate 52 and
reflector 53, to obtain another light source device 63, and by
this, a polarizing light source device 66 and a transflective
liquid crystal display device 69 utilizing a system improving
luminance are provided. In this case, the polarization trans-
mission axis of the reflection-type polarizer 24 is approxi-
mately parallel to the polarization transmission axis of the
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absorption-type polarizer 23 placed at the back surface side of
the liquid crystal cell. Though the reflection-type polarizer 24
is described here as a part of the light source device 63, a layer
structure of absorption-type polarizer 23/light diffusing layer
28/polymer film 22/transflective layer 21/reflection-type
polarizer 24 can also be regarded as the transflective polarizer
of the present invention.

Inthe polarizing light source device and transflective liquid
crystal display device illustrated in FIGS. 10 to 12, the light
source 51 used in the light source devices 61 to 63 is not
particularly restricted, and those adopted in known polarizing
light source devices and liquid crystal display devices can
also be used in the present invention likewise. As the suitable
light source 51, specifically, cold cathode tubes, light emitting
diodes, inorganic or organic electroluminescence (EL) lamps
and the like are listed, for example.

The reflector 53 is also not particularly restricted, and those
adopted in known polarizing light source devices and liquid
crystal display devices can also be used in the present inven-
tion. Specifically, a white plastic sheet having a cavity formed
inside, a plastic sheet on the surface of which a white pigment
suich as titanium oxide and zinc oxide is applied, a multi-layer
plastic sheet obtained by laminating at least two plastic films
having different refractive indices, a sheet made of a metal
such as aluminum and silver, and the like are listed, for
example. As these sheets, any of those having a mirror-fin-
ished surface and those having a roughened surface can be
used. The material of a plastic sheet constituting the reflector
also is not particularly restricted, and for example, polyeth-
ylene, polypropylene, polyvinyl chloride, polyethylene
terephthalate, polyethylene naphthalate, polycarbonate, nor-
bornene resins, polyurethane, polyacrylate, polymethyl
methacrylate and the like can be used.

The light guide plate 52 shown in FIGS. 10 and 12 takes is
light emitted from the light source 51 and functions as a sheet
emitting body, and also, those adopted in known polarizing
light source devices and liquid crystal display devices can be
used. As such a light guide plate, those composed of a plastic
sheet or a glass plate and on the back surface thereof irregular
treatment, white dot printing treatment, hologram treatment
and the like are performed are listed, for example. When a
light guide plate is constituted of a plastic sheet, the material
thereof is not particularly restricted, and polycarbonates, nor-
bornene resins, polymethyl methacrylate and the like are
preferably used.

The diffusion sheet placed, if necessary, at the emitting
surface side of a light source device is a sheet diffusing and
allowing transmission of incident light, and usually an optical
element showing a total light transmittance of about 60% or
more and a haze of about 10% or more. Here, it is more
advantageous when the total light transmittance of a diffusing
sheet 1s higher, and those showing a total light transmittance
of about 80% or more are more preferable. Such a diffusing
sheet is not particularly restricted, and for example, plastic
sheets and glass plates which have been subjected to surface
roughening treatment, and plastic sheets and glass plates
having a cavity formed inside or containing particles added,
can be used. The material of the plastic sheets herein referred
to is also not particularly restricted, and for example, poly-
ethylene, polypropylene, polyvinyl chloride, polyethylene
terephthalate, polyethylene naphthalate, polycarbonate, nor-
bornene resins, polyurethane, polyacrylate, polymethyl
methacrylate and the like are listed. The surface roughening
treatment is also not particularly restricted, and there are
mentioned sand blast, processing by press fitting by emboss
rolls, a method in which a mixture obtained by mixing par-



US 7,820,252 B2

15

ticles such as plastic particles, glass particles and silica par-
ticles into a resin is applied on the surface, and other methods
are listed.

A lens sheet placed, if necessary, on the emitting surface
side of a light source device condenses light emitted from a
light source, and also, those adopted in known polarizing light
source devices and liquid crystal display devices can be used.
As sucha lens sheet, for example, plastic sheets on which a lot
of fine prisms are formed, micro lens arrays of convex lenses
and concave lenses placed closely, and the like are listed.

In the transflective liquid crystal display device of the
present invention, the liquid crystal cell 30 and the front side
absorption-type polarizer 41 are placed in this order onto the
transflective polarizer 11 side which is a light emitting surface
in the polarizing light source device 64, 65 or 66, as exempli-
fied in FIGS. 10 to 12. Here, one or more phase retarders 42
can be placed, if necessary, between the liquid crystal cell 30
and the front side absorption-type polarizer 41, and further if
necessary, a light diffusing layer can also be placed at the
front surface side of the liquid crystal cell 30. Further, both of
the phase retarder and the light diffusing layer may also be
placed. Regarding members constituting the transflective lig-
uid crystal display device, particularly, members from the
transflective polarizer 11 to the front side absorption-type
polarizer 41, it is preferable that at least one pair of adjacent
members are closely laminated by a pressure-sensitive adhe-
sive, further, it is more preferable that all of adjacent members
are closely laminated with a pressure-sensitive adhesive.

The liquid crystal cell 30 used in a liquid crystal display
device is an apparatus having a mechanism in which liquid
crystal is enclosed between two substrates and the orientation
condition of the liquid crystal is varied by applying voltage,
for switching the light transmission quantity. The back sur-
face side transparent electrode 31 and the front surface side
transparent electrode 32 are placed onto the inner sides of two
substrates respectively, and a liquid crystal layer 33 is sand-
wiched between them. Though the drawing is omitted, the
liquid crystal cell 30 has also an orientation film for orienting
the liquid crystal layer 33, and a color filter layer and the like
in the case of color display, and the like, in addition to the
above-mentioned members. In the present invention, the kind
of liquid crystal constituting the liquid crystal cell 30 and the
operation mode thereof are not particularly restricted, and
known twisted nematic (TN) liquid crystal, super twisted
nematic (STN) liquid crystal and the like can be used, further,
the present invention can be applied to all methods of con-
ducting display using polarization such as a thin film transis-
tor (TFT) operation method, vertical orientation (VA)
method, In-plane operation method, optical compensation
band (OCB) and the like.

As the front side absorption-type polarizer 41, the same
films as previously described as examples of an absorption-
type polarizer constituting the transflective polarizer of the
present invention can be used. As the phase retarder 42 placed
if necessary between the liquid crystal cell 30 and the front
side absorption-type polarizer 41, stretched resin films are
usually used, and listed as the suitable examples thereof are
films obtained by stretching mono-axially or bi-axially syn-
thetic thermoplastic polymers such as polycarbonates, pol-
varylates, polysulfones, polyvinyl alcohols, cyclic polyole-
fins typically including norbornene resins and natural
polymers typically including cellulose triacetate, and the like
by a stretching machine such as a tenter and the like. Further,
films obtained by applying a liquid crystal compound on a
transparent polymer film, for example, “WV film” (trade
name), manufactured by Fuji Photo Film Co., Ltd., “LC film”
(trade name), manufactured by Nippon Sekiyu Kagaku K.K.,
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“VAC film” (trade name), manufactured by Sumitomo
Chemical Co., Ltd., and the like can also be used as the phase
retarder 42. Further, when a light diffusing layer is laminated
on the front surface side of the liquid crystal cell 30, those
previously explained as examples of a light diffusing layer
constituting a transflective polarizer can be used.

EXAMPLES

The examples of the present invention are shown below, but
the scope of the invention is not limited to them.

In the examples, the materials used for production of a
transflective film or a transflective polarizer are as described
below.

(1) Inorganic Compound

(1-1) Inorganic Oxide

Niobium oxide (Nb,Oj): refractive index: 2.20

(1-2) Inorganic Sulfide

Zinc sulfide (ZnS): refractive index: 2.30
(2) Polymer Film

HC-TAC: A smooth hard coat layer is formed on one sur-
face of a cellulose triacetate film made by a casting method,
and another surface is saponification-treated. The in-plane
phase retardation value is 4 nm.

AGS5-TAC: A rough surface hardened film (antiglare-
treated layer) made of a photosetting resin containing dis-
persed fine particles is formed on one surface of a cellulose
triacetate film made by a casting method, and another surface
is saponification-treated. The haze showing light diffusion
property of a rough surface is 13%, and the in-plane phase
retardation value is 4 nm.

AG6-TAC: A rough surface hardened film (antiglare-
treated layer) made of a photosetting resin containing dis-
persed fine particles is formed on one surface of a cellulose
triacetate film made by a casting method, and another surface
is saponification-treated. The haze showing light diffusion
property of a rough surface is 25%, and the in-plane phase
retardation value is 4 nm.

(3) Absorption-Type Polarizer

SRW862A: Todine-based absorption-type polarizer: avail-
able from Sumitomo Chemical Co., Ltd.
(4) Reflection-Type Polarizer

DBEEF-P: Reflection-type polarizer obtained by laminating
two polymer films and utilizing the anisotropy of reflectance
by refractive index anisotropy: available from Sumitomo 3M.
(5) Light Diffusing Layer

Light diffusive pressure-sensitive adhesive #B: Acrylate-
based pressure-sensitive adhesive containing dispersed fine
particles and having a haze of 78%: available from Sumitomo
Chemical Co., Ltd.

(6) Pressure-Sensitive Adhesive

Pressure-sensitive adhesive #7: Colorless and transparent
acrylate-based pressure-sensitive adhesive: available from
Sumitomo Chemical Co., Ltd.

Reference Example 1

Using HC-TAC which is a polymer film having an in-plane
phase retardation value of 4 nm, the light transmittance was
measured by the following method (A) and the light reflec-
tance was measured by the following method (B). Further,
utilization efficiency of light was evaluated by the following
method (C) based on the measured values.

The results are shown in Table 1.
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(A) Light Transmittance

The total light transmittance was measured by using a haze
computer “HGM-2DP” manufactured by Suga Test Instru-
ment Co. Ltd.
(B) Light Reflectance

The light reflectance was measured by using a reflectance
transmittance meter “HR-100” manufactured by Murakami
Shikisai Gijutsu Kenkyusho.
(C) Utilization Efficiency of Light

The sum of the measured values of the above-mentioned
(A) and (B) was used as the utilization efficiency of light.
Though the upper limit of the utilization efficiency of light is
essentially 100%, some calculated utilization efficiency of
light showed a value of over 100%. This is a result of influ-
ences of the measuring apparatus, such as a difference
between the light incident angle in measuring the light trans-
mittance and the light incident angle in measuring the light
reflectance, and the like.

Example 1

On the hard coat layer of HI-TAC used in Reference
Example 1, niobium oxide as an inorganic compound was
coated by a vapor-deposition method using an optical multi-
layer film formation high-vacuum vapor deposition apparatus
manufactured by Shinku Kikai Kogyo K.K., to form a trans-
flective layer. In this procedure, a glass for monitoring the
light transmittance was placed into a chamber, and vapor
deposition was stopped when the light transmittance first
reaches the minimum value. The resulted transflective film
composed of polymer film and niobium oxide layer was
evaluated in the same manner as in Reference Example 1. The
results are shown in Table 1.

Example 2

A transflective film was produced and evaluated in the
same manner as in Example 1 except that zinc sulfide was
used as an inorganic compound instead of niobium oxide. The
results are shown in Table 1.

Example 3

A transflective film was produced and evaluated in the
same manner as in Example 1 except that AGS-TAC was used
as a polymer film instead of HC-TAC and on its antiglare-
treated layer, a transflective layer was formed by vapor depo-
sition. The results are shown in Table 1.

Example 4

A transflective film was produced and evaluated in the
same manner as in Example 2 except that AGS-TAC was used
as a polymer film instead of HC-TAC and on its antiglare-
treated layer, a transflective layer was formed by vapor depo-
sition. The results are shown in Table 1.

Exaniple 5

A transflective film was produced and evaluated in the
same manner as in Example 1 except that AG6-TAC was used
as a polymer film instead of HC-TAC and on its antiglare-
treated layer, a transflective layer was formed by vapor depo-
sition. The results are shown in Table 1.

Example 6

A transflective film was produced and evaluated in the
same manner as in Example 2 except that AG6-TAC was used
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as a polymer film instead of HC-TAC and on its antiglare-
treated layer, a transflective layer was formed by vapor depo-
sition. The results are shown in Table 1.

TABLE 1
Utilization

Inorganic  Polymer Light Light efficiency

compound film transmittance reflectance  of light
Reference None HC-TAC 93% 9% 102%
Example 1
Example 1 Nb,Os HC-TAC 75% 22% 97%
Example 2 ZnS HC-TAC 72% 27% 99%
Example 3 Nb,Os AGS-TAC 74% 22% 96%
Example 4 ZnS AGS-TAC 69% 27% 96%
Example 5 NbyOs AG6-TAC 75% 22% 97%
Example 6 ZnS AG6-TAC 66% 29% 95%

The transflective films obtained in the above-mentioned
examples can be singly incorporated into a liquid crystal
display device, and additionally, can be combined with an
absorption-type polarizer, or if necessary, further combined
with a reflection-type polarizer and/or light diffusive pres-
sure-sensitive adhesive, and used as transflective polarizers.
These transflective polarizers can be used singly as a back
surface side member of a transflective liquid crystal display
device, and additionally, by separately using a reflection-type
polarizer in a light source device, a system improving lumi-
nance can be utilized, and a bright screen can be provided.

Reference Example 2

A touch panel and a liquid crystal panel were removed
from a pen touch mode portable information terminal (also
referred to as pocket PC) “CASSIOPEIA E-700” manufac-
tured by Casio Computer Co., Ltd., to make condition under
which only a light source device can be used. As shown in
FIG. 13(a), an absorption-type polarizer 23 and a light dif-
fusing layer 28 were closely laminated to give a sample which
was pasted on a glass plate 81 having a thickness of 1.1 mm,
and the resulted article was placed on the light source device
80 so that the glass plate 81 was situated at upper side,
producing a polarizing light source device 85. On the other
hand, as shown in FIG. 13(b), between the absorption-type
polarizer 23 and the light source device 80, a reflection-type
polarizer 24 (DBEF-P) was inserted so that the polarization
transmission axis thereof was parallel to the polarization
transmission axis of the absorption-type polarizer 23, to pro-
duce a polarizing light source device 86 using a reflection-
type polarizer. Using these polarizing light source devices 85
(reflection-type polarizer is not used) and 86 (reflection-type
polarizer is used), the transmission luminance and reflection
luminance were measured by the following method (D). The
results are shown in Table 2. The laminated films produced in
this example had reflection luminance of 400 cd/m? or less
when a reflection-type polarizer was not used and reflection
luminance of 450 cd/m” or less when a reflection-type polar-
izer was used.

(D) Luminance Evaluation Method

A loupe was removed from a round loupe (trade name:
“ENV-B-2” manufactured by Otsuka Kogaku K K., and on its
pedestal, the polarizing light source device 85 produced
above was placed horizontally. As shown in FIG. 14, a circu-
lar fluorescent lamp 71 of the round loupe was placed hori-
zontally as shown in FIG. 14, further, the height from the
pedestal (not shown) was controlled, to regulate the illumi-
nation angle 73 to the pedestal when the circular fluorescent
lamp was on (inclination of light to normal line direction of
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pedestal) to 15°. Above the pedestal, a luminance meter 72
(trade name: “BM-7" manufactured by Topcon K.K.) was
placed for measuring luminance. The measurements were all
conducted in a dark room.
(D-1) Measurement of Transmission Luminance

The transmission luminance of the polarizing light source
device 85 was measured by the luminance meter 72 under
conditions in which the polarizing light source device 85 was
on and the circular fluorescent lamp 71 was off.
(D-2) Measurement of Reflection Luminance

The reflection luminance of the polarizing light source
device 85 was measured by the luminance meter 72 under
conditions in which the polarizing light source device 85 was
off and the circular fluorescent lamp 71 was on.

Example 7

As shown in FIG. 15(a), the pressure-sensitive adhesive
82, absorption-type polarizer 23 and light diffusing layer 28
were closely laminated in this order on the polymer film 22
side of the transflective film composed of polymer film 22 and
transflective layer 21 produced in Example 1, to produce a
transflective polarizer 11. The glass plate 81 having a thick-
ness of 1.1 mm was pasted on the light diffusive pressure-
sensitive adhesive #B which is the light diffusing layer 28 of
this transflective film 11, and the resulted article was placed
on the light source device 80 used in Reference Example 2 so
that the glass plate 81 was situated at the upper side, produc-
ing a polarizing light source device 87. On the other hand, as
shown in FIG. 15(b), between the transflective layer 21 of the
transflective film and the light source device 80, a reflection-
type polarizer 24 (DBEF-P) was inserted so that the polariza-
tion transmission axis thereof was parallel to the polarization
transmission axis of the absorption-type polarizer 23, to pro-
duce a polarizing light source device 88 using a reflection-
type polarizer. Using these polarizing light source devicees
87 (reflection-type polarizer is not used) and 88 (reflection-
type polarizer is used), the transmission luminance and
reflection luminance were measured by the same manner as
shown in (D) of Reference Example 2. The results are shown
in Table 2. The transflective polarizers produced in this
example had a reflection luminance of 450 cd/m? or more
when a reflection-type polarizer was not used, showing
brightness sufficient to illuminate a display screen outside.
Further, the transflective polarizers produced in this example
had a reflection luminance of 550 cd/m® or more when a
reflection-type polarizer was used, confirming further
improvement in visibility, in use under reflection mode.

Example 8

Evaluation was conducted in the same manner as in
Example 7 except that as the transflective film, one produced
in Example 2 was used. The results are shown in Table 2. The
transflective polarizers produced in this example had a reflec-
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tion luminance of 450 cd/m? or more when a reflection-type
polarizer was not used, showing brightness sufficient to illu-
minate a display screen outside. Further, the transflective
polarizers produced in this example had a reflection lumi-
nance of 550 cd/m? or more when a reflection-type polarizer
was used, confirming further improvement invisibility, in use
under reflection mode.

Example 9

Evaluation was conducted in the same manner as in
Example 7 except that as the transflective film, one produced
in Example 3 was used and further, a transparent pressure-
sensitive adhesive #7 was used instead of the light diffusing
layer 28. The results are shown in Table 2. The transflective
polarizers produced in this example showed improved trans-
mission luminance and reflection luminance and improved
visibility as compared with Reference Example 2, irrespec-
tive of use or no-use of a reflection-type polarizer.

Example 10

Evaluation was conducted in the same manner as in
Example 7 except that as the transflective film, one produced
in Example 4 was used and further, a transparent pressure-
sensitive adhesive #7 was used instead of the light diffusing
layer 28. The results are shown in Table 2. The transflective
polarizers produced in this example showed improved trans-
mission luminance and reflection luminance and improved
visibility as compared with Reference Example 2, irrespec-
tive of use or no-use of a reflection-type polarizer.

Fxample 11

Evaluation was conducted in the same manner as in
Example 7 except that as the transflective film, one produced
in Example 5 was used and further, a transparent pressure-
sensitive adhesive #7 was used instead of the light diffusing
layer 28. The results are shown in Table 2. The transflective
polarizers produced in this example showed improved trans-
mission luminance and reflection luminance and improved
visibility as compared with Reference Example 2, irrespec-
tive of use or no-use of a reflection-type polarizer.

Example 12

Evaluation was conducted in the same manner as in
Example 7 except that as the transflective film, one produced
in Example 6 was used and further, a transparent pressure-
sensitive adhesive #7 was used instead of the light diffusing
layer 28. The results are shown in Table 2. The transflective
polarizers produced in this example showed improved trans-
mission luminance and reflection luminance and improved
visibility as compared with Reference Example 2, irrespec-
tive of use or no-use of a reflection-type polarizer.

TABLE 2

Reflection-type
polarizer is not used

Reflection-type
polarizer is used

Transmission  Reflection Transmission Reflection
Inorganic  Polymer luminance  luminance  luminance luminance
compound film (cd/m?) {cdm?) {cd/m?) (cd/m?)
Reference None None 405 316 504 432

Example 2
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TABLE 2-continued

22

Reflection-type
polarizer is not used

Reflection-type
polarizer is used

Transmission Reflection Transmission Reflection
Inorganic  Polymer luminance  luminance luminance  luminance
compound  film (cd/m?) (cd/m?) (cd/m?) (cd/m?)
Example 7 Nb,O5 HC-TAC 370 476 476 556
Example 8  ZnS HC-TAC 350 550 449 613
Example 9 Nb,O5 AGS5-TAC 444 427 541 470
Example 10 ZnS AGS5-TAC 420 467 511 526
Example 11 Nb,O5 AGS5-TAC 442 441 539 485
Example 12 ZnS AGS5-TAC 439 440 541 489
15

Transflective polarizers were produced using the following
films and layers, and applied to a liquid crystal display device.
These examples are shown below.

(1) Transflective Film Composed of Polymer Film Having a
transflective layer

The transflective films produced in Examples 1 to 6 were
used.

(2) Absorption-Type Polarizer

SR1872A: Todine-based absorption-type polarizer: avail-
able from Sumitomo Chemical Co., Ltd.

(3) Reflection-Type Polarizer

DBEF-P: Reflection-type polarizer obtained by laminating
two polymer films and utilizing the anisotropy of reflectance
by refractive index anisotropy: available from Sumitomo 3M
(4) Light Diffusing Layer

Light diffusive pressure-sensitive adhesive #B: Acrylate-
based pressure-sensitive adhesive containing dispersed fine

particles and having a haze of 78%: available from Sumitomo
Chemical Co., Ltd.

(5) Pressure-Sensitive Adhesive

Pressure-sensitive adhesive #7: Colorless and transparent
acrylate-based pressure-sensitive adhesive: available from
Sumitomo Chemical Co., Ltd.

Example 13

As shown in FIG. 16, the pressure-sensitive adhesive 82,
reflection-type polarizer 24, pressure-sensitive adhesive 82,
absorption-type polarizer 23 and light diffusing layer 28 were
closely laminated in this order on the polymer film 22 side of
the transflective film composed of polymer film 22 and trans-
flective layer 21 produced in Example 1 instead of the trans-
flective polarizer 11 in Example 7, so that the polarization
transmission axis of the reflection-type polarizer 24 and the
polarization transmission axis of the absorption-type polar-
izer 23 were approximately parallel, to produce a transflective
polarizer 13. The glass plate 81 having a thickness of 1.1 mm
was pasted on the light diffusive pressure-sensitive adhesive
#B which is the light diffusing layer 28 of this transflective
polarizer 13, and the resulted article was placed on the light
source device 80 used in Reference Example 7 so that the
glass plate 81 was situated at the upper side, producing a
polarizing light source device 89. Using this polarizing light
source device 89, the transmission luminance and reflection
luminance were measured by the same manner as shown in
(D)ofReference Example 2. Theresults are shown in Table 3.
The transflective polarizer produced in this example had a
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reflection luminance of 450 cd/m? or more, showing bright-
ness sufficient to illuminate a display screen outside.

Example 14

Evaluation was conducted in the same manner as in
Example 13 except that as the transflective film, one produced
in Example 2 was used. The results are shown in Table 3. The
transflective polarizer produced in this example had a reflec-
tion luminance of 550 c¢d/m> or more, showing brightness
sufficient to illuminate a display screen outside.

Example 15

Evaluation was conducted in the same manner as in
Example 13 except that as the transflective film, one produced
in Example 3 was used. The results are shown in Table 3. The
transflective polarizer produced in this example showed
improved transmission luminance and reflection luminance
and improved visibility as compared with Reference
Bxample 2.

Fxample 16

Evaluation was conducted in the same manner as in
Example 13 except that as the transflective film, one produced
in Example 4 was used. The results are shown in Table 3. The
transflective polarizer produced in this example showed
improved transmission luminance and reflection luminance
and improved visibility as compared with Reference
Example 2.

Example 17

Evaluation was conducted in the same manner as in
Example 13 except that as the transflective film, one produced
in Example 5 was used. The results are shown in Table 3. The
transflective polarizer produced in this example showed
improved transmission luminance and reflection luminance
and improved visibility as compared with Reference
Example 2.

Example 18

Evaluation was conducted in the same manner as in
Example 13 except that as the transflective film, one produced
in Example 6 was used. The results are shown in Table 3. The
transflective polarizer produced in this example showed
improved transmission luminance and reflection luminance
and improved visibility as compared with Reference
Example 2.
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TABLE 3
Transmission ~ Reflectance
Inorganic  Polymer luminance luminance
compound film (cd/m?) (cd/m?)
Example 13 Nb,O5 HC-TAC 495 518
Example 14 ZnS HC-TAC 475 587
Example 15 Nb,O5 AGS5-TAC 565 446
Example 16  ZnS AG5-TAC 531 517
Example 17 Nb,O5 AG6-TAC 562 462
Example 18 ZnS AG6-TAC 551 484

If the transflective film or transflective polarizer of present
invention is applied to a polarizing light source device and
further if it is applied to a transflective liquid crystal display
device, then, for example, in the case of use as reflective
mode, a display screen can be made brighter for transmissive
mode while maintaining the luminance equivalent to conven-
tional, or, in any of a reflective mode and a transmissive mode,
the consumption power of a polarizing light source device in
use as transmissive mode can be decreased while maintaining
the luminance equivalent to conventional, by this, the con-
sumption time of a battery can be elongated. Further, visibil-
ity under solar light can be improved since reflection ability
can be simply imparted to a transmissive liquid crystal dis-
play device.

The invention being thus described, it will be obvious that
the same may be varied in many ways. Such variations are not
to be regarded as a departure from the sprit and scope of the
invention, and such modifications as would be obvious to one
skilled in the art are intended to be included within the scope
of the following claims.

What is claimed is:

1. A transflective film comprising a polymer film having an
in-plane phase retardation value of about 30 nm or less and a
single transflective layer consisting of at least one layer made
of an inorganic compound, not of metal or polymer, wherein
the transflective layer is coated on the polymer film in a
continuous layer, the transflective layer has an utilization
efficiency oflight from about 80% to about 100%, a refractive
index of the inorganic compound is about 1.9 or more and a
reflectance of the transflective film is from about 10% to
about 95%, and

wherein when the transflective layer is a single layer struc-
ture, the optical thickness of the transflective layer is
one-fourth of the specific wavelength in the visible
region, and

when the transflective layer is a multi layer structure, the

optical thickness of at least one layer composing the
transflective layer is one-fourth of the specific wave-
length in the visible region.

2. The transflective film according to claim 1, wherein a
rough surface is formed on at least one surface of the polymer
film and the transflective layer is coated on this rough surface.

3. A transflective polarizer comprising the transflective
film according to claim 1 and an absorption-type polarizer
laminated on the transflective film.

4. The transflective polarizer according to claim 3, wherein
areflection-type polarizer is further laminated on the opposite
side to the absorption-type polarizer so that the reflection-
type polarizer faces the transflective film.

[
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5. A transflective polarizer comprising a polymer film hav-
ing one surface on which a single transflective layer consist-
ing of at least one layer made of an inorganic compound, not
of metal or polymer, is formed in a continuous layer, a reflec-
tion-type polarizer and an absorption-type polarizer, wherein
the polymer film, the reflection-type polarizer and the absorp-
tion-type polarizer are laminated in this order, wherein the
transflective layer has an utilization efficiency of light from
about 80% to about 100%, and a refractive index of the
inorganic compound is about 1.9 or more, and

wherein when the transflective layer is a single layer struc-
ture, the optical thickness of the transflective layer is
one-fourth of the specific wavelength in the visible
region, and

when the transflective layer is a multi layer structure, the
optical thickness of at least one layer composing the
transflective layer is one-fourth of the specific wave-
length in the visible region.

6. A transflective polarizer comprising a polymer film
formed in an irregular shape on at least one surface thereof
and a single transflective layer consisting of at least one layer
made of an inorganic compound, not of metal or polymer, on
the irregular shape in a continuous layer, a reflection-type
polarizer and an absorption-type polarizer, wherein the poly-
mer film, the reflection-type polarizer and the absorption-
type polarizer are laminated in this order, wherein the trans-
flective layer has an utilization efficiency of light from about
80% to about 100%, and a refractive index of the inorganic
compound is about 1.9 or more, and

wherein when the transflective layer is a single layer struc-
ture, the optical thickness of the transflective layer is
one-fourth of the specific wavelength in the visible
region, and

when the transflective layer is a multi layer structure, the
optical thickness of at least one layer composing the
transflective layer is one-fourth of the specific wave-
length in the visible region.

7. The transflective polarizer according to any of claims 3
to 6, additionally comprising at least one light diffusing layer.

8. The transflective polarizer according to claim 7, wherein
the light diffusing layer has an in-plane phase retardation
value of about 30 nm or less.

9. The transflective polarizer according to claim 8, wherein
the light diffusing layer has an adhesive property.

10. The transflective polarizer according to claim 8,
wherein at least two adjacent films or layers are closely lami-
nated with a pressure-sensitive adhesive.

11. The transflective polarizer according to claim 7,
wherein the light diffusing layer has an adhesive property.

12. The transflective polarizer according to claim 11,
wherein at least two adjacent films or layers are closely lami-
nated with a pressure-sensitive adhesive.

13. The transflective polarizer according to claim 7,
wherein at least two adjacent films or layers are closely lami-
nated with a pressure-sensitive adhesive.

14. A polarizing light source device comprising the trans-
flective polarizer according to any of claims 3 to 6 and a light
source member and a reflector, wherein thelight source mem-
ber and reflector are placed in this order on the polymer film
side of the transflective polarizer.

15. A transflective liquid crystal display device comprising
the polarizing light source device according to claim 14, a
liquid crystal cell and an absorption-type polarizer placed ata
front side of a liquid crystal cell, wherein the liquid crystal
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cell and the absorption-type polarizer are placed in this order
on the transflective polarizer side of the polarizing light
source device.

16. The transflective liquid crystal display device accord-
ing to claim 15, wherein a light diffusing layer is laminated
between the liquid crystal cell and the absorption-type polar-
izer.

17. The transflective liquid crystal display device accord-
ing to claim 16, wherein at least one pair of members from the

26

transflective polarizer to the absorption-type polarizer are
closely laminated with a pressure-sensitive adhesive.

18. The transflective liquid crystal display device accord-
ing to claim 15, wherein at least one pair of members from the
transflective polarizer to the absorption-type polarizer are
closely laminated with a pressure-sensitive adhesive.
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