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(7) ABSTRACT

A 3D image display device. The device may include: a dis-
play unit displaying left-eye and right-eye images alternately;
a display-side polarizing plate arranged on the side of a dis-
play surface of the display unit; and shutter glasses having
left-eye and right-eye shutters, and opening and closing a
shutter in accordance with display states of images on the
display unit. A shutter includes a liquid crystal cell, a retar-
dation plate arranged at the liquid crystal cell, and a first
glasses-side polarizing plate arranged at the liquid crystal cell
on the side opposite to the retardation plate. Polarization axes
of the display-side polarizing plate and the first glasses-side
polarizing plate are orthogonal. The polarization axis of the
display-side polarizing plate and a retardation axis of the
retardation plate are parallel or orthogonal.
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3D IMAGE DISPLAY DEVICE

FIELD

[0001] The present disclosure relates to a3D image display
device performing 3D display by using shutter glasses.

BACKGROUND

[0002] A glasses-type 3D image display device has been
known in related art, which realizes 3D vision by allowing an
observer to see different images having parallax with both
eyes by wearing special glasses for 3D vision using liquid
crystal shutters (refer to JP-A-08-327961 (Patent Document
1), JP-A-2002-82307 (Patent Document 2)). As it is neces-
sary to allow the observer to see different parallax images
with a left eye and a right eye for realizing 3D vision, two
parallax images as a left-eye image and a right-eye image are
necessary.

[0003] FIG. 17 shows a common glasses-type structure
example of a 3D image display device in related art. The 3D
display device includes a display device 101 displaying
images and liquid crystal shutter-type shutter glasses 102 for
observing the display device 101. The display device 101
includes a display unit 111 having a two-dimensional display
panel such as aliquid crystal display device ora CRT (cathode
ray tube) and a display-side polarizing plate 112 provided on
the side of a display surface 111A of the display unit 111. The
shutter glasses 102 include a left-eye shutter 1021 arranged
on the side of a left-eye 3L of the observer and a right-eye
shutter 102R arranged on the side of a right-eye 3R of the
observer. The left-eye shutter 1021 includes, for example, a
TN (Twisted Nematic) type liquid crystal cell 120, a first
glasses-side polarizing plate 121 arranged at the liquid crystal
cell 120 on the observer’s side and a second glasses-side
polarizing plate 122 arranged at the liquid crystal cell 120 on
the side of the display unit 111. The right-eye shutter 102R
has the same structure as the left-eye shutter 102L.. In the 3D
image display device, left-eye images and right-eye images
are alternately displayed on the display device 101 in a time-
sharing manner. The left-eye shutter 102L and the right-eye
shutter 102R in the shutter glasses 102 are on/off (open/close)
controlled alternately in synchronization with the display
timing, thereby allowing the observer to recognize only left-
eyeimages on the side of the left-eye 3L and to recognize only
right-eye images on the side of the right-eye 3R to realize 3D
vision.

SUMMARY

[0004] In the glasses-type 3D image display device, not
only light of video from the display device 101 but also light
of external lighting are incident according to audio/visual
environment in the shutter glasses 102. There is a problem
that a blinking frequency of external lighting and an opening
and closing frequency of the shutter glasses 102 are interfered
with each other in a specific relation and flickers occur. This
is extremely uncomfortable for the observer and will cause
visual fatigue.

[0005] As countermeasures against the flickers due to inter-
ference with respect to external lighting, a structure in which
the second glasses-side polarizing plates 122 arranged on the
side of the display unit 111 are omitted in the shutter glasses
102A 1s disclosed in Patent Documents 1, 2 as shown in FIG.
18. It is also conceivable to apply a polarizing plate with
extremely low polarization degree instead of the second
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glasses-side polarizing plate 122. In the structure of FIG. 18,
the shutter glasses 102A do not function as shutters with
respect to light of external lighting, and function as shutters
only with respect to light of video from the display device 101
emitted through the display-side polarizing plate 112, thereby
preventing flickers. However, there is a problem that, in the
structure of FIG. 18, when the observer inclines the head to
right and left directions, namely, when the shutter glasses are
inclined to right and left directions with respect to the display
surface 111A, large color variation occurs in an observation
image as compared with an observation state in the case
where the observer faces the front and put both eyes in the
horizontal direction. Moreover, the color variation occurs in a
state where images are asymmetrically colored, for example,
when the shutter glasses are inclined in the left direction and
in the right direction respectively, which will be unnatural
image display for the observer.

[0006] Inorder to prevent such color variation, a circularly
polarizing plate (4 wavelength plate) disclosed in, for
example, Patent Document 2 can be used. That is, as shown in
FIG. 19, a ¥4 wavelength plate 113 is arranged on a surface of
the display-side polarizing plate 112 in the display device 101
as well as a V4 wavelength plate 123 is arranged at the liquid
crystal cell 120 on the side of the display unit 111 in shutter
glasses 102B. The relations between polarization axes and
retardation axes in respective units are, for example, shown as
FIG. 20.

[0007] As shown in FIG. 20, a polarization axis 141 of the
display-side polarizing plate 112 and a polarization axis 144
of the first glasses-side polarizing plate 121 are orthogonal to
each other (absorption axes of them or transmission axes of
them are orthogonal to each other). A retardation axis 142 of
the display-side Y4 wavelength plate 113 is inclined 45
degrees with respect to the polarization axis 141 of the dis-
play-side polarizing plate 112, and the retardation axis 142 of
the display-side ¥4 wavelength plate 113 and a retardation
axis 143 of the glasses-side Y4 wavelength plate 123 are
orthogonal to each other (slow axes of them and fast axes of
the them are orthogonal to each other). Specifically, for
example, when assuming that the horizontal direction is 0
(zero) degree, a direction of the polarization axis 141 of the
display-side polarizing plate 112 is 90 degrees, a direction of
the polarization axis 144 of the first glasses-side polarizing
plate 121 is O (zero) degree, a direction of the retardation axis
142 ofthe display-side V4 wavelength plate 113 is 135 degrees
and a direction of the retardation axis 143 of the glasses-side
Vawavelength plate 123 are 45 degrees. In such arrangement,
linear polarization light emitted from the display-side polar-
izing plate 112 becomes circularly polarized light by the
display-side Y4 wavelength plate 113 and returns to linear
polarization light again by the glasses-side V4 wavelength
plate 123 to be incident on the liquid crystal cells 120, thereby
allowing the shutter glasses 102B to function as shutters with
respect to video light from the display device 101. However,
it is necessary to arrange the % wavelength plate 113 on the
side of the display device 101, therefore, a wavelength plate
having a large area is necessary, which leads to cost increase.
[0008] In view of the above, it is desirable to provide a 3D
image display device capable of suppressing color variation
occurring when shutter glasses are inclined with respect to a
display surface in a simple structure.

[0009] Anembodiment of the present disclosure is directed
to a3D image display device including a display unit display-
ing left-eye images and right-eye images alternately in a
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time-sharing manner, a display-side polarizing plate arranged
on the side ofa display surface of the display unit, and shutter
glasses having a left-eye shutter and a right-eye shutter, open-
ing and closing the left-eye shutter and the right-eye shutter in
accordance with display states of images displayed on the
display unit. Each of the left-eye shutter and the right-eye
shutter has a liquid crystal cell, a retardation plate arranged at
the liquid crystal cell on the side of the display unit, and a first
glasses-side polarizing plate arranged at the liquid crystal cell
on the opposite side of the side where the retardation plate is
provided, and a polarization axis of the display-side polariz-
ing plate and a polarization axis of the first glasses-side polar-
izing plate are orthogonal to each other as well as the polar-
ization axis of the display-side polarizing plate and a
retardation axis of the retardation plate are parallel or
orthogonal to each other.

[0010] In the 3D image display device according to the
embodiment of the present disclosure, the polarization axis of
the display-side polarizing plate and the polarization axis of
the first glasses-side polarizing plate are orthogonal to each
other as well as the polarization axis of the display-side polar-
izing plate and the retardation axis of the retardation plate are
parallel or orthogonal to each other, therefore, operations by
the retardation plate are generated only when the shutter
glasses are inclined with respect to the display surface and
optical compensation is made so that color variation is sup-
pressed.

[0011] According to the embodiment of the present disclo-
sure, the display-side polarizing plate is arranged on the side
of the display surface of the display unit as well as the retar-
dation plates are arranged on the side of the shutter glasses,
and the polarization axis of the display-side polarizing plate
and the retardation axes of the retardation plates are arranged
to be parallel or orthogonal to each other, therefore, opera-
tions by the retardation plates are generated only when the
shutter glasses areinclined with respect to the display surface.
Accordingly, the color variation occurring when the shutter
glasses are inclined with respect to the display surface can be
suppressed while maintaining normal display characteristics
in a state where the shutter glasses are not inclined with
respect to the display surface. Additionally, the shutter
glasses are provided with the retardation plates, therefore, the
retardation plates occupy a small area as compared with a
case where the plates are provided in the display unit, which
simplifies the structure and reduces costs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG.11isa cross-sectional view showing a structure
example of a 3D image display device according to a first
embodiment of the present disclosure;

[0013] FIG. 2 is an explanatory view showing a first com-
bination example of polarization axes and aretardation axis in
respective units of the 3D image display device shown in FIG.
1;

[0014] FIG. 3 is an explanatory view showing a second
combination example of polarization axes and the retardation
axis in respective units of the 3D image display device shown
in FIG. 1;

[0015] FIGS.d4A and 4B are structure views showing a first
specific structure example of the 3D image display device
shown in FIG. 1;

[0016] FIGS. 5A and 5B are structure views showing a
second specific structure example of the 3D image display
device shown in FIG. 1;
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[0017] FIG. 6 is a characteristic chart showing color shift
characteristics in specific structure examples shown in FIGS.
4A and 4B and FIGS. 5A and 5B;

[0018] FIG. 7 is an explanatory chart showing contrast
characteristics of specific structure examples shown in FIGS.
4A and 4B and FIGS. 5A and 5B;

[0019] FIG. 8 is a characteristic chart showing relations
between retardation values of a retardation plate and color
shift amounts in specific structure examples shown in FIGS.
4A and 4B and FIGS. 5A and 5B;

[0020] FIGS.9A and9B are structure views showing a third
specific structure example of the 3D image display device
shown in FIG. 1;

[0021] FIG. 10 is a waveform diagram showing an example
of a drive waveform of shutter glasses in the specific structure
example shown in FIGS. 9A and 9B;

[0022] FIGS. 11A and 11B are structure views showing a
fourth specific structure example of the 3D image display
device shown in FIG. 1;

[0023] FIGS. 12A and 12B are structure views showing a
fifth specific structure example of the 3D image display
device shown in FIG. 1;

[0024] FIG. 13 is a characteristic chart showing relations
between retardation values of a retardation plate and color
shift amounts in the specific structure example shown in
FIGS. 11A and 11B and FIGS. 12A and 12B;

[0025] FIG.14isacross-sectional view showing a structure
example of a 3D image display device according to a second
embodiment of the present disclosure;

[0026] FIGS. 15A and 15B are structure views showing a
specific structure example of the 3D image display device
shown in FIG. 14;

[0027] FIG. 16 is a characteristic chart showing color shift
characteristics in the specific structure example shown in
FIGS. 15A and 15B;

[0028] FIG. 17 is a cross-sectional view showing a first
structure example of'a 3D image display device inrelated art;
[0029] FIG. 18 is a cross-sectional view showing a second
structure example of'a 3D image display device inrelated art;
[0030] FIG. 19 is a cross-sectional view showing a third
structure example of'a 3D image display device inrelated art;
and

[0031] FIG. 20 is an explanatory view showing relations
between polarization axes and retardation axes in respective
units of the 3D image display device shown in FIG. 19.

DETAILED DESCRIPTION

[0032] Hereinafter, embodiments of the present disclosure
will be explained in detail with reference to the drawings.

First Embodiment
Entire Structure Example

[0033] FIG. 1 shows an entire structure example of a 3D
image display device according to a first embodiment of the
present disclosure. The 3D image display device includes a
display device 1 displaying images and liquid crystal shutter-
type shutter glasses 2 for observing the display device 1. The
display device 1 includes a display unit 11 having a two-
dimensional display panel such as a liquid crystal display
device or a CRT (cathode ray tube) and a display-side polar-
izing plate 12 provided on the side of a display surface 11A of
the display unit 11. In the case of the liquid crystal display
device, a polarizing plate is normally provided on the emis-
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sion side. Therefore, in the case of the liquid crystal display
device, the polarizing plate provided in the liquid crystal
display device itself can be used as the display-side polarizing
plate 12.

[0034] The shutter glasses 2 include a left-eye shutter 21
arranged on the side of a left-eye 3L of the observer and a
right-eye shutter 2R arranged on the side of a right-eye 3R of
the observer. The left-eye shutter 2L includes, for example, a
TN (Twisted Nematic) type or a STN (Super Twisted Nem-
atic) type liquid crystal cell 20, a retardation plate 22 arranged
at the liquid crystal cell 20 on the side of the display unit 11
and a glasses-side polarizing plate 21 arranged at the liquid
crystal cell 20 on the opposite side (observer’s side) of the
side where the retardation plate 22 is provided. The right-eye
shutter 2R has the same structure as the left-eye shutter 2L..
[0035] Inthe 3D image display device, left-eye images and
right-eye images are alternately displayed on the display unit
11 of the display device 1 in a time-sharing manner. The
left-eye shutter 21 and the right-eye shutter 2R are on/off
(open/close) controlled alternately in the shutter glasses 2 in
accordance with a display state of images displayed on the
display unit 11, namely, in synchronization with the timing at
which the left-eye images and right-eye images are alter-
nately displayed. Accordingly, the observer is allowed to
recognize only left-eye images on the side of the left-eye 3L
and to recognize only right-eye images on the side of the
right-eye 3R to realize 3D vision.

[Relations Between Polarization Axes and Retardation Axes
of Respective Units]

[0036] The liquid crystal cells 20 of the shutter glasses 2
have a function of generating retardation in incident light and
rotating the polarization state due to refractive index anisot-
ropy included in liquid crystal molecules. In the case where
the liquid crystal cells 20 are the TN type, a liquid crystal
layer works so that the polarization state of linear polarization
light emitted through the display-side polarizing plate 12
ideally rotates approximately 90 degrees in the polarization
direction when the shutters are on (in an open state), however,
phase shift of light generated by the liquid crystal layer is
deviated from the optimum value when inclining the head.
Moreover, the deviation differs when inclining the head to the
right and to the left. In the embodiment, the retardation plate
22 is arranged as shown in, for example, FIG. 2 or FIG. 3 so
as to compensate the deviation. The optimum retardation
value of the retardation plate 22 appears periodically as
described later, however, the retardation value is desirable to
be equal to or less than 600 nm, as it is difficult to make a
retardation film exceeding 600 nm, in which retardation val-
ues are not stable.

[0037] FIG.2 and FIG. 3 show relations between polariza-
tion axes and retardation axes in respective units of the 3D
image display device shown in FIG. 1. In a first combination
example shown in FIG. 2, a polarization axis 41 of the dis-
play-side polarizing plate 12 and a polarization axis 43 of the
glasses-side polarizing plate 21 are orthogonal to each other
(absorption axes of them or transmission axes of them are
orthogonal to each other). The polarization axis 41 of the
display-side polarizing plate 12 and a retardation axis 42 of
the retardation plate 22 (a slow axis or a fast axis) are parallel
to each other (for example, the absorption axis of the display-
side polarizing plate 12 and the slow axis of the retardation
plate 22 are parallel to each other). Specifically, for example,
when assuming that the horizontal direction is 0 (zero)
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degree, a direction of the polarization axis 41 of the display-
side polarizing plate 12 is 90 degrees, a direction of the
polarization axis 43 of the glasses-side polarizing plate 21 is
0 (zero) degree and a direction of the retardation axis 42 of the
retardation plate 22 is 90 degree. It is preferable that relative
relations in the axial direction between the polarization axes
and the retardation axis in respective units are the same as
FIG. 2, that is, the axis angle is not limited to 0 degree and 90
degrees.

[0038] Inasecond combination example shown in FIG. 3,
the polarization axis 41 of the display-side polarizing plate 12
and the polarization axis 43 of the glasses-side polarizing
plate 21 are orthogonal to each other in the same manner as
the first combination example of FIG. 2 (absorption axes of
them or transmission axes of them are orthogonal to each
other). On the other hand, the polarization axis 41 of the
display-side polarizing plate 12 and the retardation axis 42 of
the retardation plate 22 (the slow axis or the fast axis) are
orthogonal to each other (for example, the absorption axis of
the display-side polarizing plate 12 and the slow axis of the
retardation plate 22 are orthogonal to each other). Specifi-
cally, when assuming that the horizontal direction is 0 (zero)
degree, a direction of the polarization axis 41 of the display-
side polarizing plate 12 is 90 degrees, a direction of the
polarization axis 43 of the glasses-side polarizing plate 21 is
0 (zero) degree and a direction of the retardation axis 42 of the
retardation plate 22 is O (zero) degree. It is preferable that
relative relations in the axial direction between the polariza-
tion axes and the retardation axis in respective units are the
same as FIG. 3, that is, the axis angle is not limited to 0 degree
and 90 degrees.

[0039] According to the arrangement shown in FIG. 2 or
FIG. 3, operations by the retardation plate 22 can be generated
only when the shutter glasses 2 are inclined with respect to the
display surface 11A. Therefore, it is possible to suppress
color variation occurring when the shutter glasses 2 are
inclined with respect to the display surface 11 A while main-
taining normal display characteristics in the state where the
shutter glasses 2 are not inclined with respect to the display
surface 11A. Additionally, the shutter glasses 2 are provided
with the retardation plates 22, therefore, the retardation plates
22 occupy a small area as compared with a case where the
plate is provided in the display unit 11, which simplifies the
structure and reduces costs.

Specific Structure Examples and Characteristics
Thereof

[0040] Hereinafter, specific examples and characteristics
thereof corresponding to the arrangements shown in FIG. 2 of
FIG. 3 will be explained. The explanation will be made on the
assumption that the horizontal direction is 0 (zero) degree.
Assume that the polarization axis 41 of the display-side polar-
izing plate 12 and the polarization axis 43 of the glasses-side
polarizing plate 21 are absorption axes and that the retarda-
tion axis 42 of the retardation plate 22 is the slow axis.

First Specific Configuration Example

[0041] FIGS. 4A and 4B show a first specific structure
example. The relative relations of respective units in the axial
direction correspond to FIG. 2. In the first structure example,
the direction of the polarization axis 41 of the display-side
polarizing plate 12 is 135 degrees, the direction of the polar-
ization axis 43 of the glasses-side polarizing plate 21 is 45
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degrees and the direction of the retardation axis 42 of the
retardation plate 22 is 135 degrees. A material of the retarda-
tion plate 22 is cycloolefin polymer. The liquid crystal cell 20
is the TN type and the difference (An) between a refractive
index (ne) of liquid crystal molecules in a long-axis direction
and a refractive index (no) in a short-axis direction is 0.136,
anda cell gapis 3.4 um. An alignment direction on a (top) side
(side where the retardation plate 22 is arranged) of the liquid
crystal cell 20 is 135 degrees and an alignment direction on a
(bottom) side (side where the glasses-side polarizing plate 21
is arranged) is 45 degrees. That is, the direction of the retar-
dation axis 42 of the retardation plate 22 and the alignment
direction on the (top) side of the liquid crystal cell 20 are
parallel.

Second Specific Structure Example

[0042] FIGS. 5A and 5B show a second specific structure
example. The relative relations of respective units in the axial
direction correspond to FIG. 3. In the second specific struc-
ture example, the direction of the polarization axis 41 of the
display-side polarizing plate 12 is 45 degrees, the direction of
the polarization axis 43 of the glasses-side polarizing plate 21
is 135 degrees and the direction of the retardation axis 42 of
the retardation plate 22 is 135 degrees. A material of the
retardation plate 22 is cycloolefin polymer. The liquid crystal
cell 20 is the TN type and the difference (An) between the
refractive index (ne) of liquid crystal molecules in the long-
axis direction and the refractive index (no) in the short-axis
direction is 0.136, and the cell gap is 3.4 um. The alignment
direction on the (top) side (side where the retardation plate 22
is arranged) of the liquid crystal cell 20 is 135 degrees and the
alignment direction on the (bottom) side (side where the
glasses-side polarizing plate 21 is arranged) is 45 degrees.
That is, the direction of the retardation axis 42 of the retarda-
tion plate 22 and the alignment direction on the (top) side of
the liquid crystal cell 20 are parallel in the same manner as the
first specific example of FIGS. 4A and 4B.

[0043] FIG. 6 shows color shift characteristics in the first
specific structure example of FIGS. 4A and 4B by an xy-
chromaticity diagram. The same characteristics can be
obtained in the second specific structure example of FIGS. 5A
and 5B. Characteristics in a structure in which the retardation
plate 22 is omitted (refer to FIG. 18) are also shown at the
same time in FIG. 6 as a comparison example. FIG. 6 shows
characteristics obtained by observing light from a light source
including a white LED (Light Emitting Diode) while the
shutters were on (open state) in the arrangement shown in
FIGS. 4A and 4B. In order to check characteristics in a case
corresponding to states where the shutter glasses 2 are
inclined with respect to the display surface 11A ofthe display
device 1, characteristics obtained when the display-side
polarizing plate 12 was inclined in the right and left directions
in a plane from -30 degrees to 30 degrees including the front
(0°) were calculated. In order to check differences due to the
retardation value of the retardation plate 22, characteristics
obtained when the retardation value was changed to 63 nm, 70
nm, 77 nm and 84 nm were calculated. The retardation values
correspond to a wavelength of 550 nm. As can be seen from
the result of FIG. 6, in the structure where the retardation plate
22 is omitted, observed color widely varies depending on
inclined angles. In the case where the retardation plate 22 is
arranged as compared with the above case, color variation is
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reduced. In the result of FIG. 6, the color variation is the
minimum when the retardation value of the retardation plate
22 is 70 nm.

[0044] FIG. 7 shows contrast characteristics in the first
specific structure example of FIGS. 4A and 4B. The same
characteristics can be obtained in the second specific struc-
ture example of FIGS. 5A and 5B. Characteristics in the
structure in which the retardation plate 22 is omitted (refer to
FIG. 18) are also shown at the same time in FIG. 7 as a
comparison example. Characteristics obtained when the dis-
play-side polarizing plate 12 was inclined in the right and left
directions in a plane from -30 degrees to 30 degrees including
the front (0°) were calculated in the same manner as FIG. 6. It
is found that deterioration in contrast does not occur by pro-
viding the retardation plate 22 from the result of FIG. 7.

[0045] FIG. 8 shows relations between retardation values
of the retardation plate 22 and color shift amounts in the first
specific structure example of FIGS. 4A and 4B. The same
characteristics can be obtained in the second specific example
of FIGS. 5A and 5B. FIG. 8 shows characteristics obtained
when the display-side polarizing plate 12 was inclined -30
degrees and 30 degrees in the right and left directions in a
plane. It is found from FIG. 8 that the color shift amount
periodically changes according to the retardation value of the
retardation plate 22. As can be seen from dotted circles in
FIG. 8, the color shift amount is reduced when the retardation
value is in the vicinity of 70 nm, 280 nm and so on. It is
preferable that, in the retardation plate 22, a retardation value
R (nm) in the wavelength of 550 nm satisfies the following
values in the case of the first specific structure example of
FIGS. 4A and 4B or the second specific structure example of
FIGS. 5A and 5B from the result of FI1G. 8.

R=70+210%x, in which »=0, 1,2 (Expression 1)

Third Specific Structure Example

[0046] FIGS. 9A and 9B show a third specific structure
example. The relative relations of respective units in the axial
direction correspond to FIG. 2. In the third specific structure
example, relations among the polarization axis 41 of the
display-side polarizing plate 12, the direction of the polariza-
tion axis 43 of the glasses-side polarizing plate 21 and the
direction of the retardation axis 42 of the retardation plate 22
are the same as the first specific example of FIGS. 4A and 4B.
A material of the retardation plate 22 is cycloolefin polymer
and the retardation value is 70 nm. The liquid crystal cell 20
is the STN type having a twisted angle of 270 degrees, and the
difference (An) between the refractive index (ne) of liquid
crystal molecules in the long-axis direction and the refractive
index (no) in the short-axis direction is 0.13, and the cell gap
is 4 um. The alignment direction on the (top) side (side where
the retardation plate 22 is arranged) of the liquid crystal cell
20 1is 135 degrees and the alignment direction on the (bottom)
side (side where the glasses-side polarizing plate 21 is
arranged) is 45 degrees. That is, the direction of the retarda-
tion axis 42 of the retardation plate 22 and the alignment
direction on the (top) side of the liquid crystal cell 20 are
parallel in the same manner as first structure example of
FIGS. 4A and 4B.

[0047] FIG. 10 shows a drive waveform of the shutter
glasses 2 (liquid crystal cells 20) in the third structure
example of FIGS. 9A and 9B. In driving conditions shown in
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FIG. 10, the same characteristics as the first specific structure
example of FIGS. 4A and 4B can be obtained.

Fourth Specific Structure Example

[0048] FIGS.11A and 11B show a fourth specific structure
example. The relative relations of respective units in the axial
direction correspond to FIG. 3. In the fourth specific structure
example, the direction of the polarization axis 41 of the dis-
play-side polarizing plate 12 is 135 degrees, the direction of
the polarization axis 43 of the glasses-side polarizing plate 21
is 45 degrees and the direction of the retardation axis 42 of the
retardation plate 22 is 45 degrees. A material of the retarda-
tion plate 22 is cycloolefin polymer. The liquid crystal cell 20
is the TN type and the difference (An) between the refractive
index (ne) of liquid crystal molecules in the long-axis direc-
tion and the refractive index (no) in the short-axis direction is
0.136, and the cell gap is 3.4 um. The alignment direction on
the (top) side (side where the retardation plate 22 is arranged)
of the liquid crystal cell 20 is 135 degrees and the alignment
direction on the (bottom) side (side where the glasses-side
polarizing plate 21 is arranged) is 45 degrees. That is, the
direction of the retardation axis 42 of the retardation plate 22
and the alignment direction on the (top) side of the liquid
crystal cell 20 are orthogonal to each other, which is different
from the first specific structure example of FIGS. 4A and 4B.

Fifth Specific Example

[0049] FIGS. 12A and 12B show a fifth specific structure
example. The relative relations of respective units in the axial
direction correspond to FIG. 2. In the fifth specific structure
example, the direction of the polarization axis 41 of the dis-
play-side polarizing plate 12 is 45 degrees, the direction of the
polarization axis 43 of the glasses-side polarizing plate 21 is
135 degrees and the direction of the retardation axis 42 of the
retardation plate 22 is 45 degrees. A material of the retarda-
tion plate 22 is cycloolefin polymer. The liquid crystal cell 20
1s the TN type and the difference (An) between the refractive
index (ne) of liquid crystal molecules in the long-axis direc-
tion and the refractive index (no) in the short-axis direction is
0.136, and the cell gap is 3.4 pm. The alignment direction on
the (top) side (side where the retardation plate 22 is arranged)
of the liquid crystal cell 20 is 135 degrees and the alignment
direction on the (bottom) side (side where the glasses-side
polarizing plate 21 is arranged) of the liquid crystal cell 20 is
45 degrees. That is, the direction of the retardation axis 42 of
the retardation plate 22 and the alignment direction on the
(top) side of the liquid crystal cell 20 are orthogonal to each
other, which is different from the first specific structure
example of FIGS. 4A and 4B.

[0050] FIG. 13 shows relations between retardation values
of the retardation plate 22 and color shift amounts in the
fourth specific structure example of FIGS. 11A and 11B. The
same characteristics can be obtained in the fifth specific
example of FIGS. 12A and 12B. FIG. 13 shows characteris-
tics obtained when the display-side polarizing plate 12 was
inclined -30 degrees and 30 degrees in the right and left
directions in a plane in the same manner as in the case of FIG.
8. It is found from FIG. 13 that the color shift amount peri-
odically changes according to the retardation value of the
retardation plate 22. It is also found in FIG. 13 that the color
shift amount is reduced when the retardation value is in the
vicinity of 150 nm, 400 nm and so on. It is preferable that, in
the retardation plate 22, a retardation value R (nm) in the
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wavelength of 550 nm satisfies the following values in the
case of the fourth specific structure example of FIGS. 11A
and 11B or the fifth specific structure example of FIGS. 12A
and 12B from the result of FIG. 13.

R=150+250*g, in which n=0, 1, 2

[0051] Itis found that the optimum retardation value of the
retardation plate 22 is determined according to the relation
between the direction of the retardation axis 42 of the retar-
dation plate 22 and the alignment direction on the (top) side of
the liquid crystal cell 20 from the results of FIG. 8 and FIG.
13. That is, when the direction of the retardation axis 42 and
the alignment direction on the (top) side of the liquid crystal
cell 20 are parallel to each other as the first specific structure
example of FIGS. 4A and 4B or the second specific structure
example of FIGS. 5A and 5B, it is preferable to use the above
retardation values of the expression (1). When the when the
direction of the retardation axis 42 and the alignment direc-
tion on the (top) side of the liquid crystal cell 20 are orthogo-
nal to each other, as the fourth specific structure example of
FIGS. 11A and 11B or the fifth specific structure example of
FIGS. 12A and 12B, it is preferable to use the above retarda-
tion values of the expression (2).

(Expression 2)

Second Embodiment

[0052] Next, a 3D image display device according to a
second embodiment of the present disclosure will be
explained. Same numerals and signs are given to the compo-
nents which are substantially the same as the 3D image dis-
play device according to the first embodiment and explana-
tion will be suitably omitted.

[0053] FIG. 14 shows an entire structure example of a 3D
image display device according to the embodiment of the
present disclosure. The 3D image display device further
includes low-polarization degree polarizing plates 23 in the
3D image display device (FIG. 1) according to the first
embodiment. The low-polarization degree polarizing plates
23 are arranged on the front side of the retardation plates 22
(between the display-side polarizing plate 12 and the retar-
dation plate 22) in respective left-eye shutter 21, and the
right-eye shutter 2R of shutter glasses 2A. In the embodiment,
the glasses-side polarizing plate 21 corresponds to a “first
glasses-side polarizing plate” and the low-polarization
degree polarizing plates 23 corresponds to a “second glasses-
side polarizing plate”.

[0054] The low-polarization degree polarizing plates 23 is
arranged so that the polarization axis 41 of the display-side
polarizing plate 12 and a polarization axis 44 of the low-
polarization degree polarizing plates 23 are parallel to each
other as shown in FIG. 15B as an example. The polarization
degree of the low-polarization degree polarizing plates 23 is
equal to or less than 50%. The polarization degree is defined
as follows.

(Polarization degree)=(P1-P2)/(P1+P2)

[0055] PI is transmittance obtained when respective polar-
ization axes of two polarizing plates are arranged in parallel,
and P2 is transmittance obtained when respective polarization
axes of two polarizing plates are arranged to be orthogonal to
each other.

[0056] FIGS. 15A and 15B show a specific structure
example of the 3D image display device according to the
embodiment. The relative relations of respective units in the
axial direction other than the low-polarization degree polar-
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izing plates 23 correspond to FIG. 2. In the specific structure
example, relations among the polarization axis 41 of the
display-side polarizing plate 12, the polarization axis 43 of
the glasses-side polarizing plate 21 and the retardation axis 42
of the retardation plate 22 are the same as in the first specific
structure example of FIGS. 4A and 4B in the first embodi-
ment. The structure of the liquid crystal cell 20 is also the
same as the first specific structure example of FIGS. 4A and
4B. The polarization axis 44 (absorption axis) of the low-
polarization degree polarizing plates 23 is 135 degrees, which
is the same as the direction of the polarization axis 41 of the
display-side polarizing plate 12. The polarization degree of
the low-polarization degree polarizing plates 23 is 33%. A
material of the retardation plate 22 is cycloolefin polymer and
a retardation value with respect to the wavelength of 550 nm
is 70 nm.

[0057] FIG. 16 is shows color shift characteristics in the
specific structure example of FIGS. 15A and 15B by an xy-
chromaticity diagram. Characteristics in a structure in which
the retardation plate 22 is omitted (refer to FIG. 18) are also
shown at the same time in FIG. 16 as a comparison example.
FIG. 16 shows characteristics obtained by observing light
from a light source including a white LED (Light Emitting
Diode) while the shutters were on (open state) in the arrange-
ment shown in FIGS. 15A and 15B. In order to check char-
acteristics in a case corresponding to states where the shutter
glasses 2A are inclined with respect to the display surface
11A of the display device 1, characteristics obtained when the
display-side polarizing plate 12 was inclined in the right and
left directions in a plane from -30 degrees to 30 degrees
including the front (0°) were calculated in the same manner as
in the case of FIG. 6. The retardation value of the retardation
plate 22 is 70 nm as described above. As can be seen from the
result of FIG. 16, in the structure where the retardation plate
22 is omitted, observed color widely varies. In the case where
the retardation plate 22 is arranged as compared with the
above case, color variation is reduced.

[0058] It is also possible to apply a structure in which the
low-polarization degree polarizing plates 23 is arranged on
the front side of the retardation plate 22 in the arrangement
where the polarization axis 41 of the display-side polarizing
plate 12 and the retardation axis 42 of the retardation plate 22
are orthogonal to each other (refer to FIG. 3, FIGS. 5A and 5B
and so on).

[0059] The present disclosure contains subject matter
related to that disclosed in Japanese Priority Patent Applica-
tion JP 2010-223813 filed in the Japan Patent Office on Oct.
1, 2010, the entire content of which is hereby incorporated by
reference.

[0060] It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
and other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

1. A 3D image display device comprising:

a display unit displaying left-eye images and right-eye
images alternately in a time-sharing manner;

a display-side polarizing plate arranged on a side of a
display surface of the display unit; and

shutter glasses having a left-eye shutter and a right-eye
shutter, opening and closing the left-eye shutter and the
right-eye shutter in accordance with display states of
images displayed on the display unit,
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wherein each of the left-eye shutter and the right-eye shut-
ter includes
a liquid crystal cell,
a retardation plate arranged at the liquid crystal cell on
the side of the display unit, and
a first glasses-side polarizing plate arranged at the liquid
crystal cell on an opposite side of the side where a
retardation plate is provided, and
a polarization axis of the display-side polarizing plate and
a polarization axis of the first glasses-side polarizing
plate are orthogonal to each other, and the polarization
axis of the display-side polarizing plate and a retardation
axis of the retardation plate are parallel or orthogonal to
each other.
2. The 3D image display device according to claim 1,
wherein each of the left-eye shutter and the right-eye shut-
ter includes a second glasses-side polarizing plate
arranged between the display-side polarizing plate and
the retardation plate, and
a polarization degree of the second glasses-side polariza-
tion plate is less than or equal to 50%, and the polariza-
tion axis of the display-side polarizing plate and the
polarization axis of the second glasses-side polarization
plate are parallel to each other.
3. The 3D image display device according to claim 1,
wherein the retardation plate is formed so that a retardation
value R (nm) in a wave length of 550 nm satisfies:

R=70+210*g, in which =0, 1, 2 (Expression 1).

4. The 3D image display device according to claim 3,

wherein the liquid crystal cell is a twisted nematic type
liquid crystal cell, and

an alignment direction on a side of the retardation plate is
parallel to a retardation axis of the retardation plate.

5. The 3D image display device according to claim 1,

wherein the retardation plate is formed so that a retardation
value R (nm) in a wave length of 550 nm satisfies:

R=150+250%*y, in which =0, 1, 2 (Expression 2).

6. The 3D image display device according to claim 5,

wherein the liquid crystal cell is the twisted nematic type
liquid crystal cell, and

the alignment direction on the side of a retardation plate is
orthogonal to the retardation axis of the retardation
plate.

7. A 3D image display device comprising:

a display unit;

a display-side polarizing plate arranged on the side of a
display surface of a display unit; and

shutter glasses,

wherein the shutter glasses include
liquid crystal cells,

retardation plates arranged at the liquid crystal cells on
the side of the display unit, and
first glasses-side polarizing plates arranged at the liquid
crystal cells on an opposite side of the side where the
retardation plates are provided, and
a polarization axis of the display-side polarizing plate and
polarization axes of the first glasses-side polarizing
plates are orthogonal to each other, and the polarization
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axis of the display-side polarizing plate and retardation
axes of the retardation plates are parallel or orthogonal to
each other.
8. The 3D image display device according to claim 1,
wherein the shutter glasses further include second glasses-
side polarizing plates arranged between the display-side
polarizing plate and the retardation plates, and
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a polarization degree of the second glasses-side polariza-
tion plates is less than or equal to 50%, and the polar-
ization axis of the display-side polarizing plate and the
polarization axes of the second glasses-side polarization
plates are parallel to each other.

ok o ok %k
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