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(57) ABSTRACT

The object is to provide a display device with a superior
viewing angle. The display device includes a display por-
tion, a liquid-crystal barrier portion, first to third polarizing
layers, and at least one viewing-angle compensation layer.
The liquid-crystal barrier portion is disposed on one side of
the display portion, and adjusts an intensity of light of the
display portion. The first polarizing layer is disposed oppo-
site to the liquid-crystal bartier portion relative to the display
portion. The second polarizing layer is interposed between
the display portion and the liquid-crystal barrier portion. The
third polarizing layer is disposed opposite to the display
portion relative to the liquid-crystal barrier portion. The
viewing-angle compensation layer is interposed between the
liquid-crystal barrier portion and the third polarizing layer,
and no viewing-angle compensation layer is interposed
between the second polarizing layer and the liquid-crystal
barrier portion.
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DISPLAY DEVICE
BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a display device
that compensates for a viewing angle.

Description of the Background Art

[0002] In recent years, various optical compensation tech-
niques have realized display devices having a wider image-
viewable angular region (hereinafter referred to as a “view-
ing angle”) and having superior display quality, for example,
a higher contrast ratio in the region. Example optical com-
pensation methods to be applied to the display devices
include introduction of a phase difference film and a view-
ing-angle compensation film to a liquid-crystal display. The
viewing-angle compensation film has refractive-index
anisotropy exhibited in, for example, alignment of liquid
crystals. Thus, modulating phases of light that passes
through the viewing-angle compensation film can reduce
light leakage at a viewing side of the display device.
[0003] Proposed display devices include a display device
capable of stereoscopic display with a higher pixel density,
that is, a display device capable of high-definition stereo-
scopic display (hereinafter may be referred to as a “stereo-
scopic display device”), and a display device capable of
displaying different images at a plurality of viewing points.
Such display devices include a display portion having an
imaging function, and a light control portion having a light
control function, and adopt image separation systems such
as a lenticular lens system and a parallax barrier system. The
parallax barrier system may utilize a laminate of a liquid-
crystal barrier panel (hereinafter may be referred to as a
“barrier panel”) in, for example, a twisted nematic (TN)
mode with a relatively narrow viewing angle, and a liquid-
crystal display panel (hereinafter may be referred to as a
“display panel”) in, for example, a vertical alignment (VA)
mode or an in-plane switching (TPS) mode. The parallax
barrier system requires the optical compensation techniques
with superior viewing angle to allow a wider viewing angle
and separate images into a left eye and a light eye of the
viewer with higher precision. For example, Japanese Patent
No. 5648361 discloses disposing commercial viewing-angle
compensation films on both sides of a barrier panel to
compensate for a viewing angle.

[0004] The higher the definition of an image of a display
panel applied to, for example, a stereoscopic display device
is, the smaller a distance between a pixel formation layer of
the display panel and a barrier layer of a barrier panel needs
to be to separate images. However, interposing a viewing-
angle compensation film between the pixel formation layer
and the barrier layer causes a problem with increase in the
distance. One solution to the problem is to thin other optical
films or a substrate of the display panel or the barrier panel
(for example, a glass substrate). However, such a structure
creates other problems including increase in the cost due to
introduction of an optical film with low versatility, and low
productivity and low quality caused by decrease in the
strength of the substrate.

[0005] In contrast, a structure that eliminates a viewing-
angle compensation film causes problems with narrowing a
viewing angle allowing sterecoscopic view, and reducing the
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quality of the stereoscopic display device. The similar
problems occur not only in the stereoscopic display device
but also in a display device including a laminate of a display
portion having an imaging function and a liquid-crystal
barrier portion and having a wider viewing angle by reduc-
ing a distance between a pixel formation layer of the display
portion and a barrier layer of the liquid-crystal barrier
portion.

SUMMARY

[0006] The present invention has been conceived in view
of the problems, and the object is to provide a display device
with a superior viewing angle without increase in cost,
decrease in productivity, and decrease in the quality.
[0007] The display device includes a display portion, a
liquid-crystal barrier portion, a first polarizing layer, a
second polarizing layer, a third polarizing layer, and at least
one viewing-angle compensation layer. The liquid-crystal
barrier portion is disposed on one side of the display portion,
and adjusts an intensity of light of the display portion. The
first polarizing layer is disposed opposite to the liquid-
crystal barrier portion relative to the display portion. The
second polarizing layer is interposed between the display
portion and the liquid-crystal barrier portion. The third
polarizing layer is disposed opposite to the display portion
relative to the liquid-crystal barrier portion. The at least one
viewing-angle compensation layer is interposed between the
liquid-crystal barrier portion and the third polarizing layer.
No viewing-angle compensation layer is interposed between
the second polarizing layer and the liquid-crystal barrier
portion.

[0008] Thus, the display device with a superior viewing
angle can be realized without increase in the cost, decrease
in the productivity, and decrease in the quality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a cross section illustrating a structure of
a display device according to Embodiment 1;

[0010] FIG. 2 schematically illustrates the structure of the
display device according to Embodiment 1;

[0011] FIG. 3 is a cross section illustrating another struc-
ture of the display device according to Embodiment 1;
[0012] FIG. 4 schematically illustrates the other structure
of the display device according to Embodiment 1;

[0013] FIG. 5 illustrates horizontal viewing angle charac-
teristics on a luminance contrast ratio;

[0014] FIG. 6 is a cross section illustrating a structure of
a display device according to Embodiment 2;

[0015] FIG. 7 schematically illustrates the structure of the
display device according to Embodiment 2;

[0016] FIG. 8 is a cross section illustrating another struc-
ture of the display device according to Embodiment 2;
[0017] FIG. 9 schematically illustrates the other structure
of the display device according to Embodiment 2; and
[0018] FIG. 10 illustrates horizontal viewing angle char-
acteristics on a luminance contrast ratio.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0019] Embodiments 1 and 2 of the present invention will
be described in detail with reference to the drawings. The
terms “parallel” and “perpendicular” will be used for an
absorption axis and an orientation axis in the Specification.
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The terms “parallel” and “perpendicular” involve not only
states of being completely parallel and perpendicular but
also states of being almost parallel and perpendicular,
respectively.

Embodiment 1

[0020] FIG. 1 is a cross section illustrating a structure of
a display device according to Embodiment 1 of the present
invention. The display device in FIG. 1 includes a display
portion 1, a liquid-crystal barrier portion 2, a first polarizing
layer 31, a second polarizing layer 32, a third polarizing
layer 33, and at least one viewing-angle compensation layer
4.

[0021] The display portion 1 has an imaging function. The
display portion 1 is, for example, a liquid-crystal display
panel including a liquid-crystal panel in the VA mode or the
IPS mode and having a higher pixel density (higher defini-
tion).

[0022] The liquid-crystal barrier portion 2 is disposed on
a light incidence side that is one side of the display portion
1. The liquid-crystal barrier portion 2 includes a plurality of
closing and opening portions that are appropriately switch-
able to alight transmissive region or a light shielding region.
This liquid-crystal barrier portion 2 can adjust the intensity
of light incident on the display portion 1. The liquid-crystal
barrier portion 2 is, for example, a liquid-crystal barrier
panel including a liquid-crystal panel in the TN mode.
[0023] The first polarizing layer 31 is disposed opposite to
the liquid-crystal barrier portion 2 relative to the display
portion 1. The second polarizing layer 32 is interposed
between the display portion 1 and the liquid-crystal barrier
portion 2. The third 1.5 polarizing layer 33 is disposed
opposite to the display portion 1 relative to the liquid-crystal
barrier portion 2. For example, polarizing plates obtained by
impregnating a stretched polyvinyl alcohol (PVA) with
iodide are used as the first polarizing layer 31 to the third
polarizing layer 33. The liquid crystals included in the
display portion 1 and the liquid-crystal barrier portion 2 are
aligned through, for example, rubbing or light irradiation.
The liquid crystals are aligned parallel or perpendicular to,
for example, absorption axes of the first polarizing layer 31
to the third polarizing layer 33,

[0024] The viewing-angle compensation layer 4 is inter-
posed between the liquid-crystal barrier portion 2 and the
third polarizing layer 33. The viewing-angle compensation
layer 4 includes a first viewing-angle compensation layer 41
that is the first liquid crystal film. Liquid crystal films such
as the first liquid crystal film are, for example, hybrid-
aligned phase difference films such as a commercial Wide
View (WV) film and a New Hybrid (NH) film. These liquid
crystal films include, for example, a resin layer made of
cellulose triacetate (TAC), a liquid-crystal alignment layer
made of polyimide, and a liquid crystal coating layer of
discotic liquid crystals or rod-like liquid crystals. For
example, rubbing the alignment layer and mixing a liquid-
crystal additive can develop desired viewing-angle compen-
sation characteristics.

[0025] FIG. 2 schematically illustrates the absorption axes
and the orientation axes of the elements of the display device
illustrated in FIG. 1. The first polarizing layer 31 has an
absorption axis Al oriented horizontal. The second polariz-
ing layer 32 has an absorption axis A2 oriented vertical. The
third polarizing layer 33 has an absorption axis A3 oriented
horizontal. The first viewing-angle compensation layer 41
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included in the viewing-angle compensation layer 4 has an
orientation axis B1 oriented vertical. In this structure, the
orientation axis B1 of the first viewing-angle compensation
layer 41 is parallel to the absorption axis A2 of the second
polarizing layer 32.

[0026] The display devices relevant to Embodiment 1
include viewing-angle compensation layers on both sides of
a liquid-crystal barrier panel. In other words, in the context
of the structure according to Embodiment 1, the relevant
display devices include: one viewing-angle compensation
layer interposed between the liquid-crystal barrier portion 2
and the second polarizing layer 32 and having an orientation
axis parallel to the absorption axis of the second polarizing
layer 32; and another viewing-angle compensation layer
interposed between the liquid-crystal barrier portion 2 and
the third polarizing layer 33 and having an orientation axis
perpendicular to the absorption axis of the second polarizing
layer 32. However, this structure has difficulties in reducing
the distance between the display portion 1 and the liquid-
crystal barrier portion 2.

[0027] Thus, the display device according to Embodiment
1 does not include any viewing-angle compensation layer
similar to the viewing-angle compensation layer 4 between
the display portion 1 and the liquid-crystal barrier portion 2,
or precisely between the second polarizing layer 32 and the
liquid-crystal barrier portion 2. Instead, the display device
according to Embodiment 1 includes the at least one view-
ing-angle compensation layer 4 interposed between the
liquid-crystal barrier portion 2 and the third polarizing layer
33, The orientation axis of the first viewing-angle compen-
sation layer 41 included in the viewing-angle compensation
layer 4 is parallel to the absorption axis of the second
polarizing layer 32.

[0028] FIG. 3 is a cross section illustrating another struc-
ture of the display device according to Embodiment 1. FIG.
4 schematically illustrates the absorption axes and the ori-
entation axes of the elements of the display device illustrated
in FIG. 3. The viewing-angle compensation layer 4 of the
display device illustrated in FIGS. 3 and 4 further includes
a second viewing-angle compensation layer 42 that is the
second liquid crystal film. The second viewing-angle com-
pensation layer 42 is interposed between the liquid-crystal
barrier portion 2 and the first viewing-angle compensation
layer 41. The orientation axis B2 of the second viewing-
angle compensation layer 42 is perpendicular to the absorp-
tion axis A2 of the second polarizing layer 32. The structure
of FIGS. 3 and 4 is the same as that of FIGS. 1 and 2 except
that the viewing-angle compensation layer 4 further includes
the second viewing-angle compensation layer 42. As is clear
from the above description, the orientation axis control and
the laminating processes of these viewing-angle compensa-
tion layers are not generally known. The second viewing-
angle compensation layer 42 may be interposed between the
first viewing-angle compensation layer 41 and the third
polarizing layer 33, instead of between the liquid-crystal
barrier portion 2 and the first viewing-angle compensation
layer 41.

[0029] The second polarizing layer 32 may be directly
bonded to the liquid-crystal barrier portion 2 with a trans-
parent resin. Thus, the second polarizing layer 32 may be
partially bonded to, in proximity to, or in contact with the
liquid-crystal barrier portion 2. In addition, the transparent
resin may be a photosensitive transparent resin. Here, the
UV light irradiation from the liquid-crystal barrier portion 2
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side causes the curing reaction to proceed. Although the
detailed description is omitted herein, the display device
may appropriately include components such as a control
substrate, a backlight, and a protective plate.

Gist of Embodiment 1

[0030] The display device according to Embodiment 1 is
effective at compensating for leakage of light in a horizontal
direction that is emitted from the display device to reach the
viewer, because the orientation axis B1 of the first viewing-
angle compensation layer 41 is parallel to the absorption
axis A2 of the second polarizing layer 32. The display device
according to Embodiment 1 is also effective at compensating
for leakage of light in a vertical direction that is emitted from
the display device to reach the viewer, because the orienta-
tion axis B2 of the second viewing-angle compensation
layer 42 is perpendicular to the absorption axis A2 of the
second polarizing layer 32.

[0031] FIG. 5 illustrates horizontal viewing angle charac-
teristics on a luminance contrast ratio in a structure where
the liquid-crystal barrier portion 2 is disposed on the light
incidence side of the display portion 1. FIG. 5 clarifies that
with the effects, the structure according to Embodiment 1
illustrated in FIGS. 1 and 2 (black triangles in FIG. 5) and
another structure according to Embodiment 1 illustrated in
FIGS. 3 and 4 (open triangles in FIG. 5) are superior in
horizontal viewing angle characteristics on a luminance
contrast ratio to the structure that eliminates a viewing-angle
compensation film (black circles in FIG. 5), and are closer
to the structure relevant to Embodiment 1 of having view-
ing-angle compensation layers on both sides of a liquid-
crystal barrier panel (black rectangles in FIG. 5). Thus, even
when excluding the viewing-angle compensation layer
between the display portion 1 and the liquid-crystal bonier
portion 2, the display device with a superior viewing angle
can be realized without increase in the cost, decrease in the
productivity, and decrease in the quality according to
Embodiment 1.

Embodiment 2

[0032] FIG. 6 is a cross section illustrating a structure of
a display device according to Embodiment 2 of the present
invention. Among the constituent elements to be described
in Embodiment 2, the same or similar constituent elements
as those according to Embodiment 1 will have the same
reference numerals, and the different constituent elements
will be mainly described.

[0033] In the structure of FIG. 6, the liquid-crystal barrier
portion 2 is disposed on a light exit side that is the other side
of the display portion 1. This liquid-crystal barrier portion 2
can adjust the intensity of the light emitting from the display
portion 1.

[0034] FIG. 7 schematically illustrates the absorption axes
and the orientation axes of the elements of the display device
illustrated in FIG. 6. The first polarizing layer 31 has the
absorption axis Al oriented horizontal. The second polariz-
ing layer 32 has the absorption axis A2 oriented vertical. The
third polarizing layer 33 has the absorption axis A3 oriented
horizontal. The first viewing-angle compensation layer 41
included in the viewing-angle compensation layer 4 has the
orientation axis B1 oriented horizontal. In this structure, the
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orientation axis B1 of the first viewing-angle compensation
layer 41 is perpendicular to the absorption axis A2 of the
second polarizing layer 32.

[0035] The structure of FIGS. 6 and 7 is the same as that
of FIGS. 1 and 2 except that the liquid-crystal barrier portion
2 is disposed on the light exit side of the display portion 1
and that the orientation axis of the first viewing-angle
compensation layer 41 included in the viewing-angle com-
pensation layer 4 is perpendicular to the absorption axis of
the second polarizing layer 32.

[0036] FIG. 8 is a cross section illustrating another struc-
ture of the display device according to Embodiment 2. FIG.
9 schematically illustrates the absorption axes and the ori-
entation axes of the elements of the display device illustrated
in FIG. 8. The viewing-angle compensation layer 4 of the
display device illustrated in FIGS. 8 and 9 further includes
the second viewing-angle compensation layer 42 that is the
second liquid crystal film. The second viewing-angle com-
pensation layer 42 is interposed between the third polarizing
layer 33 and the first viewing-angle compensation layer 41.
The orientation axis B2 of the second viewing-angle com-
pensation layer 42 is parallel to the absorption axis A2 of the
second polarizing layer 32. The structure of FIGS. 8 and 9
is the same as that of FIGS. 6 and 7 except that the
viewing-angle compensation layer 4 further includes the
second viewing-angle compensation layer 42. The second
viewing-angle compensation layer 42 may be interposed
between the first viewing-angle compensation layer 41 and
the liquid-crystal barrier portion 2, instead of between the
third polarizing layer 33 and the first viewing-angle com-
pensation layer 41.

Gist of Embodiment 2

[0037] The display device according to Embodiment 2 is
effective at compensating for leakage of light in a horizontal
direction that is emitted from the display device to reach the
viewer, because the orientation axis B1 of the first viewing-
angle compensation layer 41 is perpendicular to the absorp-
tion axis A2 of the second polarizing layer 32. The display
device according to Embodiment 2 is also effective at
compensating for leakage of light in a vertical direction that
is emitted from the display device to reach the viewer,
because the orientation axis B2 of the second viewing-angle
compensation layer 42 is parallel to the absorption axis A2
of the second polarizing layer 32.

[0038] FIG. 10 illustrates horizontal viewing angle char-
acteristics on a luminance contrast ratio in a structure where
the liquid-crystal barrier portion 2 is disposed on the light
exit side of the display portion 1. FIG. 10 clarifies that with
the effects, the structure according to Embodiment 2 illus-
trated in FIGS. 6 and 7 (black triangles in FIG. 10) and
another structure according to Embodiment 2 illustrated in
FIGS. 8 and 9 (open triangles in FIG. 10) are superior in
horizontal viewing angle characteristics on a luminance
contrast ratio to the structure that eliminates a viewing-angle
compensation film (black circles in FIG. 10), and are closer
to the structure relevant to Embodiment 2 of having view-
ing-angle compensation layers on both sides of a liquid-
crystal barrier panel (black rectangles in FIG. 10). Thus,
even when excluding the viewing-angle compensation layer
between the display portion 1 and the liquid-crystal barrier
portion 2, the display device with a superior viewing angle
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can he realized without increase in the cost, decrease in the
productivity, and decrease in the quality according to
Embodiment 2.

[0039] FIG. 10 shows a result of a wider horizontal
viewing angle in the structure including only the first
viewing-angle compensation layer 41 (black triangles in
FIG. 10). However, the vertical viewing angle that is not
illustrated is relatively narrower in such a structure. The
angles less than or equal to 10 percent of the front contrast
ratio (hereinafter referred to as “10-percent-or-less angles™)
range from 15 degrees for the upper side to 20 degrees for
the lower side with respect to the origin. The 10-percent-
or-less angles in the structure including both the first view-
ing-angle compensation layer 41 and the second viewing-
angle compensation layer 42 range from 45 degrees for the
upper side to 60 degrees for the lower side with respect to
the origin. The 10-percent-or-less angles in the structure
relevant to Embodiment 2 of having viewing-angle com-
pensation layers on both sides of the liquid-crystal barrier
panel range from 60 degrees for the upper side to 65 degrees
for the lower side with respect to the origin. Consequently,
the structure including both the first viewing-angle compen-
sation layer 41 and the second viewing-angle compensation
layer 42 can improve not only the horizontal viewing angle
but also the vertical viewing angle. The same holds true for
the structure including both the first viewing-angle compen-
sation layer 41 and the second viewing-angle compensation
layer 42 according to Embodiment 1.

[0040] [Modifications]

[0041] Although describing the viewing-angle compensa-
tion in the laminate of the liquid-crystal display panel and
the liquid-crystal barrier panel, Embodiments 1 and 2 are not
limited to this. For example, replacing the liquid-crystal
display panel with a panel mounting self-luminescent ele-
ments such as an organic electroluminescence panel as a
display portion can produce the same advantages as those
according to Embodiments 1 and 2. Since such a structure
requires disposing a liquid-crystal barrier portion at a light
exit side of the self-luminescent elements, the liquid-crystal
barrier portion needs to be disposed on a light exit side of the
panel mounting self-luminescent elements.

[0042] Within the scope of the present invention, Embodi-
ments and Modifications can be freely combined, and each
of Embodiments and Modifications can be appropriately
modified or omitted.

What is claimed is:

1. A display device, comprising:

a display portion;

a liquid-crystal barrier portion being disposed on one side
of the display portion, and adjusting an intensity of
light of the display portion;

a first polarizing layer disposed opposite to the liquid-
crystal barrier portion relative to the display portion, a
second polarizing layer interposed between the display
portion and the liquid-crystal barrier portion, and a
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third polarizing layer disposed opposite to the display
portion relative to the liquid-crystal bartier portion; and

at least one viewing-angle compensation layer interposed
between the liquid-crystal barrier portion and the third
polarizing layer,

wherein no viewing-angle compensation layer is inter-
posed between the second polarizing layer and the
liquid-crystal barrier portion.

2. The display device according to claim 1,

wherein the liquid-crystal barrier portion is disposed on a
light incidence side of the display portion, and

the at least one viewing-angle compensation layer
includes a first liquid crystal film that is a liquid crystal
film having an orientation axis parallel to an absorption
axis of the second polarizing layer.

3. The display device according to claim 2,

wherein the at least one viewing-angle compensation
layer further includes a second liquid crystal film
interposed between the liquid-crystal barrier portion
and the first liquid crystal film or between the first
liquid crystal film and the third polarizing layer, the
second liquid crystal film being a liquid crystal film
having an orientation axis perpendicular to the absorp-
tion axis of the second polarizing layer.

4. The display device according to claim 1,

wherein the liquid-crystal barrier portion is disposed on a
light exit side of the display portion, and

the at least one viewing-angle compensation layer
includes a first liquid crystal film that is a liquid crystal
film having an orientation axis perpendicular to an
absorption axis of the second polarizing layer.

5. The display device according to claim 4,

wherein the at least one viewing-angle compensation
layer includes a second liquid crystal film interposed
between the third polarizing layer and the first liquid
crystal film or between the first liquid crystal film and
the liquid-crystal barrier portion, the second liquid
crystal film being a liquid crystal film having an
orientation axis parallel to the absorption axis of the
second polarizing layer.

6. The display device according to claim 1,

wherein the second polarizing layer is directly bonded to
the liquid-crystal barrier portion.

7. The display device according to claim 6,

wherein the second polarizing layer is directly bonded to
the liquid-crystal barrier portion with a photosensitive
transparent resin.

8. The display device according to claim 1,

wherein the display portion includes a liquid-crystal panel
in a vertical alignment mode or an in-plane switching
mode, and

the liquid-crystal barrier portion includes a liquid-crystal
panel in a twisted nematic mode.

* #* * #* #®
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