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(54) Light diffusing layer

(57) A diffusing adhesive layer has a light-transmis-
sible adhesive layer dispersively containing colorless
light-transmissible particles so as to exhibit light diffus-
ing characteristic. The light diffusing characteristic of
the diffusing adhesive layer is not higher than 10 % in
terms of a light diffusion factor which is defined as

 when I30 is the intensity of light transmitted
in a direction inclined by 30 degrees relative to a direc-
tion of perpendicular transmission of perpendicularly
incident light, and I10 is the intensity of light transmitted
in a direction inclined by 10 degrees relative to the direc-
tion of perpendicular transmission of perpendicularly
incident light. Another diffusing adhesive layer has a
total light transmission factor of not lower than 85 % and
a direct transmission factor of not higher than 30 %. In
an optical member, one of the diffusing adhesive layers
is provided on an optical material having at least a
polarizing plate or a retarder plate. In a reflection type
liquid-crystal display device, the optical member and
one of the diffusing adhesive layers are provided
between a liquid-crystal cell and a polarizing plate.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a diffusing adhesive layer excellent in balance between light transmittance
and diffusing characteristic and adapted for formation of a liquid-crystal display device excellent in visibility such as
brightness, and an optical member using the diffusing adhesive layer.
[0002] The present application is based on Japanese Patent Applications No. Hei.11-159663 and 159664, which
are incorporated herein by reference.

2. Description of the Related Art

[0003] Heretofore known was a light diffusion type adhesive layer which was configured to contain particles having
refractive indices different from one another to thereby have light diffusing characteristic so that a viewing angle for liq-
uid-crystal display could be enlarged. However, if the diffusing characteristic was improved to attain the enlargement of
the viewing angle while self-adhesive applicability excellent in reliability was satisfied, the transmittance decreased
because of increase of back scattering, or the like. If the transmittance was improved, the diffusing characteristic was
lowered. Hence, there was a problem that the balance between light transmittance and diffusing characteristic was
hardly kept.

SUMMARY OF THE INVENTION

[0004] An object of the present invention is to develop a diffusion type adhesive layer which is excellent in balance
between light transmittance and diffusing characteristic with satisfaction of self-adhesive applicability excellent in relia-
bility and which is adapted for formation of a liquid-crystal display device excellent in visibility such as brightness.
[0005] According to the present invention, there are provided: a diffusing adhesive layer comprising a light-trans-
missible adhesive layer dispersively containing colorless light-transmissible particles so as to exhibit light diffusing char-
acteristic, wherein the light diffusing characteristic of the diffusing adhesive layer is not higher than 10 % in terms of a
light diffusion factor which is defined as  when I30 is intensity of light transmitted in a direction inclined by
30 degrees relative to a direction of perpendicular transmission of perpendicularly incident light, and I10 is intensity of
light transmitted in a direction inclined by 10 degrees relative to the direction of perpendicular transmission of perpen-
dicularly incident light; an optical member, wherein the above-mentioned diffusing adhesive layer is provided on an opti-
cal material having at least a polarizing plate or a retarder plate; and a reflection type liquid-crystal display device,
wherein the above-mentioned diffusing adhesive layer is provided between a liquid-crystal cell and a polarizing plate.
[0006] According to the another aspect of the present invention, there are provided: a diffusing adhesive layer com-
prising a light-transmissible adhesive layer dispersively containing colorless light-transmissible particles so as to exhibit
light diffusing characteristic, wherein the diffusing adhesive layer has a total light transmission factor of not lower than
85 % and a direct transmission factor of not higher than 30 %; an optical member wherein the above-mentioned diffus-
ing adhesive layer is provided on an optical material having at least a polarizing plate or a retarder plate; and a reflection
type liquid-crystal display device wherein the above-mentioned diffusing adhesive layer is provided between a liquid-
crystal cell and a polarizing plate.
[0007] According to the present invention, there can be obtained a light diffusion type adhesive layer excellent in
balance between light transmittance and diffusing characteristic on the basis of the aforementioned light diffusion factor
and applicable to a self-adhesive process with good reliability. A liquid-crystal display device excellent in visibility such
as brightness, especially, a reflection type liquid-crystal display device excellent in frontal brightness, can be also
obtained by use of the light diffusion type adhesive layer.
[0008] According to the present invention, it is possible to obtain a liquid-crystal display device which is excellent in
balance between transmitting and diffusing characteristic on the basis of the aforementioned light transmission factor
and which is excellent in visibility such as brightness. Especially, it is possible to obtain a reflection type liquid-crystal
display device excellent in frontal brightness. Moreover, it is possible to obtain a light diffusing adhesive layer which is
applicable to a self-adhesive process with good reliability.
[0009] Further it is possible to avoid the necessity of separate provision of a light diffusing plate because the adhe-
sive layer serves also as a light-diffusing layer, the necessity of arranging a light diffusing plate provided separately can
be avoided. Hence, it is possible to achieve the reduction in size and weight by omission of members of the liquid-crystal
display device.
[0010] Features and advantages of the invention will be evident from the following detailed description of the pre-
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ferred embodiments described in conjunction with the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] In the accompanying drawings:

Fig. 1 shows a view for explaining calculation of a light diffusing factor; and
Fig. 2 shows a sectional view of an example of an optical member.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0012] A diffusing adhesive layer according to the present invention comprises a light-transmissible adhesive layer
dispersively containing colorless light-transmissible particles so as to exhibit light diffusing characteristic. The light dif-
fusing characteristic is not higher than 10 % in terms of a light diffusion factor which is defined as  when
I30 is the intensity of light transmitted in a direction inclined by 30 degrees relative to a direction of perpendicular trans-
mission of perpendicularly incident light, and I10 is the intensity of light transmitted in a direction inclined by 10 degrees
relative to the direction of perpendicular transmission of perpendicularly incident light.
[0013] A diffusing adhesive layer according to another aspect of the present invention comprises a light-transmis-
sible adhesive layer dispersively containing colorless light-transmissible particles so as to exhibit light diffusing charac-
teristic. The diffusing adhesive layer has a total light transmission factor of not lower than 85 % and a direct transmission
factor of not higher than 30 %.
[0014] A suitable adhesive material which exhibits light transmitting characteristic may be used for the formation of
the diffusing adhesive layer. The adhesive material is not particularly limited in kind. Incidentally, examples of the adhe-
sive material may include rubber-based adhesives, acrylic adhesives, silicone adhesives, vinyl-alkyl ether adhesives,
polyvinyl alcohol adhesives, polyvinyl pyrolidone adhesives, polyacrylamide adhesives, cellulose adhesive, etc.
[0015] A material which is excellent in light transmitting characteristic is preferable as the adhesive material for
forming the adhesive layer, and in consideration tinged with weather resistance, etc., an acrylic adhesive may be par-
ticularly preferably used. Incidentally, the diffusing adhesive layer may be formed in combination with a transparent
adhesive layer containing no colorless particle in the form of superposition for the purpose of adjustment of adhesive
force, or the like, as occasion demands.
[0016] Suitable colorless and transparent particles may be used as the colorless light-transmissible particles to be
dispersively contained in the diffusing adhesive layer. Incidentally, examples of the colorless light-transmissible parti-
cles may include inorganic particles of silica, alumina, titania, zirconia, tin oxide, indium oxide, cadmium oxide, antimony
oxide, etc., and organic particles of various kinds of crosslinked or non-crosslinked polymers. The inorganic particles
may be electrically conductive.
[0017] The diffusing adhesive layer may be formed by any suitable method which includes: a method of applying a
mixture of the adhesive material and the colorless light-transmissible particles onto a support base constituted by an
optical device, etc., for example, by using a rolling method such as a calender roll method, etc. and a coating method
such as a doctor blade method, a gravure roll coater method, etc.; a method of forming a diffusing adhesive layer on a
separator used as a support base in the same manner as in the foregoing method and transferring the diffusing adhe-
sive layer onto another support base constituted by an optical device; etc.
[0018] In the above description, it is necessary in the present invention that the diffusing adhesive layer is made to
contain colorless particles so as to be formed as a diffusing adhesive layer exhibiting light diffusing characteristic of not
higher than 10 % in terms of the light diffusion factor. If the light diffusion factor is higher than 10 %, light diffusing power
becomes so large that frontal (perpendicular) brightness runs short when a reflection type liquid-crystal display device
is viewed under illumination. The light diffusion factor preferable from the point of view of balance between the enlarge-
ment of the viewing angle for good visibility due to light diffusing characteristic and the frontal brightness is in a range
of from 1 to 9 %, especially in a range of from 1.5 to 8 %, more especially in a range of from 2 to 7 %.
[0019] Incidentally, the aforementioned light diffusion factor is defined as  in which I30 is the intensity
of light transmitted in a direction inclined by 30 degrees relative to a direction I0 of perpendicular transmission of light H
perpendicularly incident on the diffusing adhesive layer 1 as shown in Fig. 1, and I10 is the intensity of light transmitted
in a direction inclined by 10 degrees relative to the direction I0.
[0020] The mean particle size of the colorless particles which are preferably used from the point of view of the
achievement of the aforementioned light diffusion factor, the controllability of adhesive force, etc. is in a range of from 1
to 10 µm, especially 9 µm or less, more especially in a range of from 2 to 8 µm. Further, the colorless particles are pref-
erable from the point of view of suppression of back scattering to provide good diffusing characteristic in a transmitting
direction are used in combination with the adhesive layer to satisfy the expression: 0.01< | n1-n2 |<0.1, especially | n1-
n2 | <0.09, more especially -0.08<n1-n2<-0.01 when n1 is the refractive index of the colorless particles, and n2 is the
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refractive index of the adhesive layer.

[0021] Incidentally, the amount of the colorless light-transmissible particles dispersively contained in the diffusing
adhesive layer is determined suitably on the basis of the aforementioned light diffusion factor. The amount of the color-
less light-transmissible particles generally used from the point of view of securing adhesive power is in a range of from
5 to 200 parts by weight, especially in a range of from 10 to 150 parts by weight, more especially in a range of from 15
to 100 parts by weight per 100 parts by weight of the adhesive layer (solid content). Incidentally, the thickness of the
diffusing adhesive layer may be determined in accordance with the target light diffusion factor, adhesive force, etc. The
thickness of the diffusing adhesive layer to be generally used is set to be not larger than 300 µm, especially in a range
of from 1 to 200 µm, more especially in a range of from 5 to 100 µm.
[0022] As shown in Fig. 2, the optical member may be obtained as a member in which a diffusing adhesive layer 1
according to the present invention is provided on an optical material 2. In this case, one diffusing adhesive layer may
be provided on a single side of the optical material or on each of the both sides of the optical material. Moreover, when
the optical material is provided as a laminate of a plurality of optical layers, one diffusing adhesive layer may be provided
in a suitable intermediate position of the optical material or a plurality of diffusing adhesive layers may be provided in
suitable intermediate positions of the optical material.
[0023] The optical material to be used for the formation of the optical member is not particularly limited. For exam-
ple, any suitable material such as an optical material for forming a final object such as a liquid-crystal display device
may be used. Incidentally, examples of the optical material may include a polarizing plate, a retarder plate, an elliptically
polarizing plate made of a laminate of a polarizing plate and a retarder plate, a back-lighting device such as a light pipe,
a reflection plate, a polarization separating plate, a liquid-crystal cell, an anti-glare plate, an optical path control plate
such as a prism sheet or a lens sheet, and so on. Optical systems for forming the aforementioned laminate and a com-
bination thereof are not particularly limited. For example, a laminate of the aforementioned optical materials, or the like,
may be used.
[0024] Incidentally, when the optical material is an elliptically polarizing plate constituted by a laminate of a polariz-
ing plate and a retarder plate, it is preferable from the point of view of prevention of variations in the optical characteristic
of transmitted light that the diffusing adhesive layer is provided on the retarder-plate-side outer surface of the optical
material. In this case, another adhesive layer not exhibiting diffusing characteristic is preferably used for the lamination
of the polarizing plate and the retarder plate. A suitable adhesive agent such as the aforementioned adhesive material
may be used for the formation of the adhesive layer.
[0025] In the above description, a suitable material may be used as the polarizing plate. Incidentally, examples of
the material of the polarizing plate may include: a film obtained by a stretching process after adsorption of iodine and/or
dichromatic dye onto a film of a hydrophulic high-molecular compound such as polyvinyl alcohol, partially formalized
polyvinyl alcohol or partially saponified ethylene/vinyl acetate copolymer; a polarizing film made of an oriented film of
polyene such as dehydrated polyvinyl alcohol or dehydrocklorinated polyvinyl chloride; and so on.
[0026] A polarizing plate obtained by coating a single side or both sides of the aforementioned polarizing film with
a transparent protective layer or two transparent protective layers may be also used. Such a transparent protective film,
or the like, may have various purposes of reinforcing the polarizing film, improving the heat resistance of the polarizing
film, protecting the polarizing film from moisture, etc. The transparent protective film may be formed as a resin-coating
layer or as a laminate layer of resin films.
[0027] On the other hand, as the retarder plate or layer, it is possible to use a suitable material which exhibits a suit-
able phase difference, such as a quarter-wave plate, a half-wave plate, or a compensating retarder plate exhibiting
phase-difference characteristic. Incidentally, the compensating retarder plate is provided to compensate for wavelength
dependence of birefringence, or the like, for the purpose of improving the visibility of the liquid-crystal display device,
etc. The retarder plate may have a suitable stratified structure such as a monolayered structure or a multilayered struc-
ture with a plurality of phase-difference layers superposed on one another.
[0028] Examples of the suitable material of the retarder plate may include: stretched films of plastics such as car-
bonate, ester, imide, ether sulfone, sulfone, styrene, vinyl alcohol, allylate, vinyl chloride, vinylidene chloride, acrylate,
amide, epoxy, cellulose, olefin such as polyethylene or polypropylene, etc.; oriented films of liquid-crystal polymers; and
so on.
[0029] The thickness of the retarder plate, or the like, may be determined in accordance with the target phase dif-
ference, or the like. The thickness of the retarder plate generally used from the point of view of flexibility, reduction in
thickness, or the like, is set to be in a range of from 1 to 500 µm, especially in a range of from 5 to 400 µm, more espe-
cially in a range of from 10 to 300 µm. The retarder plate may be constituted by a film having the refractive index con-
trolled in the direction of the thickness thereof, such as a film obtained by stretching or/and contracting a polymer film
adhesively bonded to a heat-shrinkable film.
[0030] A suitable material such as a known side-light type back-lighting device used in a liquid-crystal display
device, or the like, may be used as the back-lighting device such as a light pipe, or the like. The light pipe is generally
made of a plate-like material having an upper surface, a lower surface opposite to the upper surface, and a light-input
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side face made of at least one side end face between the upper and lower surfaces. The light pipe is provided so that
input light given from the side face is made to exit from one of the upper and lower surfaces by diffusion, reflection, dif-
fraction, interference, or the like, while the input light is propagated through the plate.

[0031] The light pipe may be formed by a suitable method such as a method of providing a diffusing material in the
form of dots or stripes on an upper or lower surface of a transparent or semitransparent plastic plate made of suitable
plastics exemplified in the aforementioned retarder plate, a method of providing an uneven structure, especially an une-
ven structure made of a prism array, or the like.
[0032] Any suitable material may be used as the reflection plate or layer. Incidentally, examples of the material of
the reflection plate or layer may include a coating layer obtained by holding metal foil or metal powder in a binder, a
reflection plate obtained by providing the coating layer on a support base, a vapor deposited layer of metal, a reflection
plate obtained by providing the vapor deposited layer on a support base, and so on. Such a reflection plate or layer may
be integrated with the aforementioned polarizing plate so as to be provided as a reflection type polarizing plate.
[0033] Any suitable material may be used as the polarization separating plate or layer. Incidentally, examples of the
material of the polarization separating plate or layer may include a material provided to separate natural light into
reflected light of linearly polarized light and transmitted light of linearly polarized light which are vertical to each other
by a Brewster angle through a multilayered film having thin dielectric films superposed on one another, a material pro-
vided to separate natural light into reflected light of linearly polarized light and transmitted light of linearly polarized light
which are vertical to each other through a multilayered film having thin birefringent dielectric films superposed on one
another, a material provided to separate natural light into reflected light of circularly polarized light and transmitted light
of circularly polarized light which are circularly polarized in the opposition direction to each other through a cholesteric
liquid-crystal layer or a combination of cholesteric liquid-crystal layers different in reflection characteristic, and so on.
[0034] Any suitable material may be used as the liquid-crystal cell. Incidentally, examples of the material of the liq-
uid-crystal cell may include liquid-crystal cells using twist nematic liquid crystal or supertwist nematic liquid crystal, liq-
uid-crystal cells using non-twist type liquid crystal, quest-host type liquid crystal containing dispersed dichromatic dye
or ferroelectric liquid crystal, and soon. Any suitable method may be used as a method of driving the liquid-crystal cell.
[0035] Incidentally, the aforementioned optical path control. plate is provided to control the direction of outgoing
light. A suitable material such as a lens sheet exhibiting beam-condensing characteristic in a frontal direction, a prism
sheet for converting an optical path of oblique light into an optical path in a frontal direction, or the like, may be used as
the optical path control plate.
[0036] The aforementioned diffusing adhesive layer or optical member according to the present invention may be
used for the formation of various devices such as a reflection type liquid-crystal display device, a transmission type liq-
uid-crystal display device, a reflection-transmission double type liquid-crystal display device, etc. For the application of
the diffusing adhesive layer according to the present invention, one diffusing adhesive layer may be disposed or a plu-
rality of diffusing adhesive layers may be disposed in one device. For the formation of such a device, another diffusing
layer than the diffusing adhesive layer according to the present invention may be disposed.
[0037] For the formation of the aforementioned reflection type liquid-crystal display device, the diffusing adhesive
layer or optical member according to the present invention may be preferably disposed on the visible side of the liquid-
crystal cell. Especially, the diffusing adhesive layer according to the present invention may be preferably disposed as a
structure in which the diffusing adhesive layer adheres to an adjacent optical layer located between the liquid-crystal
cell and the polarizing plate.
[0038] Incidentally, when the diffusing adhesive layer 1 is exposed to the surface, the diffusing adhesive layer 1 may
be preferably temporarily, covered with a separator 3, or the like, as shown in Fig. 2, until the diffusing adhesive layer 1
adheres to a subject of adhesion. The separator may be obtained by a method of surface-treating a thin film of paper,
plastic film, or the like, with a suitable releasant such as a silicone releasant, a long-chain acrylic releasant, or the like,
as occasion demands.

Example 1

[0039] Colorless light-transmissible particles having a refractive index (n1) of 1.43 and a mean particle Size of 4 µ
m were mixed with an acrylic adhesive. The resulting mixture was applied onto a separator. Thus, a diffusing adhesive
layer was obtained as a layer in which 30 % by weight of the colorless particles were dispersively contained in a trans-
parent acrylic adhesive layer having a refractive index (n2) of 1.47 and a thickness of 25 µm. Comparative Example
[0040] A diffusing adhesive layer was obtained as a layer in which 15 % by weight of colorless light-transmissible
particles having a refractive index (n1) of 1.63 and a mean particle size of 6 µm were dispersively contained in a trans-
parent acrylic adhesive layer having a refractive index (n2) of 1.47 and a thickness of 25 µm, in the same manner as in
Example 1.
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Evaluation Test 1

[0041] Each of the diffusing adhesive layers obtained in Example 1 and comparative Example was examined in the
light diffusion factor defined in the present invention. Further, in the condition that scattered light was made to be inci-
dent on the diffusing adhesive layer after the diffusing adhesive layer was self-adhesively bonded onto a mirror reflec-
tion plate, the frontal (normal) brightness of the mirror reflection plate was compared with the reflection intensity of a
standard white plate. Incidentally, the diffusing adhesive layer was strongly bonded onto the mirror reflection plate.
[0042] The aforementioned results are shown in the following table.

Example 2

[0043] A diffusing adhesive layer was obtained in the same manner as in Example 1 except for that in which 33 %
by weight of the colorless particles were dispersively contained in a transparent acrylic adhesive layer.

Evaluation Test 2

[0044] Each of the diffusing adhesive layers obtained in Example 2 and the aforementioned Comparative Example
was examined in the total light transmission factor and the direct transmission. factor. Further, in the condition that scat-
tered light was made to be incident on the diffusing adhesive layer after the diffusing adhesive layer was self-adhesively
bonded onto a mirror reflection plate, the frontal (normal) brightness of the mirror reflection plate was compared with
the reflection intensity of a standard white plate. Incidentally, the diffusing adhesive layer was strongly bonded onto the
mirror reflection plate.
[0045] The aforementioned results are shown in the following table.

[0046] Although the invention has been described in its preferred form with a certain degree of particularity, it is
understood that the present disclosure of the preferred form can be changed in the details of construction and in the
combination and arrangement of parts without departing from the spirit and the scope of the invention as hereinafter
claimed.

Claims

1. A diffusing adhesive layer comprising a light-transmissible adhesive layer dispersively containing colorless light-
transmissible particles so as to exhibit light diffusing characteristic,
wherein the light diffusing characteristic of said diffusing adhesive layer is not higher than 10 % in terms of a light
diffusion factor which is defined as  ,when I30 is intensity of light transmitted in a direction inclined by
30 degrees relative to a direction of perpendicular transmission of perpendicularly incident light, and I10 is intensity
of light transmitted in a direction inclined by 10 degrees relative to the direction of perpendicular transmission of
perpendicularly incident light.

2. A diffusing adhesive layer according to claim 1, wherein said light diffusion factor is not lower than 2 %, and said

Light Diffusion Factor
(%)

Ratio to Standard White
Plate

Example 1 3 2.2 times

Comparative Example 12 1.5 times

Total Light Transmission
Factor (%)

Direct Transmission Fac-
tor (%)

Ratio to Standard White
Plate

Example 2 90 12 2.2 times

Comparative Example 83 15 1.5 times
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colorless particles have a mean particle size in a range of from 1 to 10 µm.

3. An optical member, wherein a diffusing adhesive layer according to any one of claims 1 and 2 is provided on an
optical material having at least one of a polarizing plate and a retarder plate.

4. A reflection type liquid-crystal display device, wherein a diffusing adhesive layer according to any one of claims 1
and 2 is provided between a liquid-crystal cell and a polarizing plate.

5. A diffusing adhesive layer comprising a light-transmissible adhesive layer dispersively containing colorless light-
transmissible particles so as to exhibit light diffusing characteristic,
wherein said diffusing adhesive layer has a total light transmission factor of not lower than 85 % and a direct trans-
mission factor of not higher than 30 %.

6. A diffusing adhesive layer according to claim 5, wherein said direct transmission factor is not lower than 8 %, and
said colorless particles have a mean particle size in a range of from 1 to 10 µm.

7. An optical member, wherein a diffusing adhesive layer according to one of claims 5 and 6 is provided on an optical
material having at least one of a polarizing plate and a retarder plate.

8. A reflection type liquid-crystal display device, wherein a diffusing adhesive layer according to any one of claims 5
and 6 is provided between a liquid-crystal cell and a polarizing plate.
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