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LIQUID CRYSTAL DISPLAY PANEL AND LIQUID
CRYSTAL DISPLAY DEVICE

[0001] This Nonprovisional application claims priority
under 35 U.S.C. § 119(a) on Patent Application No. 2004-
068805 filed in Japan on Mar. 11, 2004, the entire contents
of which are hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to liquid crystal dis-
play panels and liquid crystal display devices capable of
producing dual images. Viewers looking at a dual image
display from different viewing positions see different
images.

BACKGROUND OF THE INVENTION

[0003] Some recent models of liquid crystal displays and
like display panels include a parallax barrier so that the
viewer can see (autostereoscopic) 3D images without using
a filter system or other visual effect enhancer. The parallax
barrier contains stripes of optically transparent regions and
opaque regions.

[0004] Aman’s eyes sit spatially apart on the head. So, the
eyes receive images as seen from two different points in the
normal field of vision. The brain then exploits parallax of
these two images to perceive it in three dimensions. A
three-dimensional (3D) display is produced based on the
same principle, i.e., a parallax experienced by the viewer’s
right/left eyes viewing images produced as seen from dif-
ferent points.

[0005] In a 3D display device with a parallax barrier, a
parallax barrier 102 outside a display panel 101 sets a
particular viewing angle (see FIG. 7) for a right eye image
and a left eye image produced by the display panel 101. The
eyes receive respective images when the viewer positions
himself in a particular viewing region in space, so that the
viewer can perceive a 3D image (see FIG. 8).

[0006] This kind of 3D display device including the com-
bination of a parallax barrier and a display panel is dis-
closed, for example, in Japanese Laid-open Patent Applica-
tion No. 3-119889/1991 (“Tokukaihei No. 3-119889,”
published on May 22, 1991). In the 3D display device of
Tokukaihei No. 3-119889, the parallax barrier is included in
a switching liquid crystal layer. Turning on/off the barrier
pattern in the switching liquid crystal layer enables/disables
parallax barrier effect. This enabling/disabling switches the
device between 3D mode and 2D mode.

[0007] The combination of a parallax barrier and a display
panel is applicable in a display device for other purposes
than the 3D display (see FIG. 9(@)). The combination could
be used, for example, to produce different displays to
different viewers (“dual image display;” sec FIG. 9(b)).

[0008] Theoretically, the dual image display is produced
based on the same image separation as 3D displays. How-
ever, new problems, which were not found with 3D display
devices, occur in the actual manufacture of display devices
producing a dual image display. Specific description of the
problems will be given next.

[0009] A comparison of FIGS. 9(a), 9(b) would clearly
show that the display images are separated by the parallax
barrier at the same points for a 3D display and for a dual
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image display. Some conditions (for example, distance
between the viewing points) concerning the viewing points,
however, differ greatly between the two display modes.

[0010] More specifically, in 3D display mode, the distance
between the viewing points is equal to the distance between
the viewer’s eyes. In contrast, the distance between the
viewing points in dual image display mode needs be greater
than that in 3D display mode so that viewers can position
themselves away from each other. The distance between the
viewing points can be set to a given value by varying the
distance between the color filter and the parallax barrier.

[0011] The distance, D, between the viewer and the dis-
play screen is given by:

D=ESjnP @

[0012] where E is the distance between the viewing points
in millimeters, P is the pixel pitch of the color filter in
millimeters, S is the distance between the color filter and the
parallax barrier in millimeters, and n is the refractive index
of a medium between the color filter and the parallax barrier.

[0013] Assume E=62 mm, D=600 mm, and P=0.1 mm for
a 3D display. Assume also that the medium between the
color filter and the parallax barrier be a glass substrate and
a glass’s refractive index n=1.52. Inserting these values to
equation (1), we obtain a distance S between the color filter
and the parallax barrier at S=1.47 mm. This value of distance
S is perfectly feasible even with the glass substrate inter-
vening between the color filter and the parallax barrier. The
provision of the parallax barrier outside the display panel
poses no problems at all in the 3D display device.

[0014] Now, assume E=900 mm for a dual image display.
All the other conditions are identical to the 3D display.
Inserting the values to equation (1), we obtain S=0.1 mm.
This value of distance S is extremely difficult to achieve if
there is a glass substrate intervening between the color filter
and the parallax barrier. In other words, the color filter is
required to be closer (about 50 nm to 100 nm) to the parallax
barrier in the dual image display device than in the 3D
display device. This requirement, unlike in the 3D display
device, makes it extremely difficult to provide the parallax
barrier outside the display panel in manufacture.

SUMMARY OF THE INVENTION

[0015] The present invention, conceived to address these
problems, has an objective to realize a liquid crystal display
panel and device capable of a dual image display where
different images are displayed for viewers at different view-
ing positions.

[0016] The liquid crystal display panel in accordance with
the present invention, to address the problems, is character-
ized in that it includes between two transparent substrates:
an image forming layer including at least a liquid crystal
layer; a parallax barrier layer separating a display image
formed by the image forming layer into multiple images for
each of which a different particular viewing angle is set; and
a transparent layer adjusting a distance between the image
forming layer and the parallax barrier layer.

[0017] According to the arrangement, the image forming
layer forming a display image and the parallax barrier layer
separating the display image formed by the image forming
layer are formed in a single cell. The transparent layer
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adjusts the distance between the image forming layer and the
parallax barrier layer. Unlike the conventional structure
where the parallax barrier is placed outside the cell, the
separation between the image forming layer and the parallax
barrier layer is rendered a short distance suitable for dual
image displays. A liquid crystal display panel is thus manu-
factured which enables a dual image display.

[0018] Here, the image forming layer is a means to form
a display image in accordance with input image data and
refers basically a liquid crystal layer in a liquid crystal
display panel. However, if the liquid crystal display panel
includes a color filter, the image forming layer refers col-
lectively to the liquid crystal layer and the color filter.

[0019] Additional objects, advantages and novel features
of the invention will be set forth in part in the description
which follows, and in part will become apparent to those
skilled in the art upon examination of the following or may
be learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1, illustrating an embodiment of the inven-
tion, is a cross-sectional view of the structure of the major
part of a liquid crystal display panel in association with
embodiment 1.

[0021] FIG. 2 is a cross-sectional view of the structure of
the major part of a liquid crystal display device in associa-
tion with embodiment 2.

[0022] FIG. 3 is a cross-sectional view of a liquid crystal
display device in association with embodiment 2 producing
a dual image display.

[0023] FIG. 4 is a cross-sectional view of a liquid crystal
display device in association with embodiment 2 producing
an ordinary display.

[0024] FIG. 5 is a cross-sectional view of a liquid crystal
display device in association with embodiment 3 producing
a dual image display.

[0025] FIG. 6 is a cross-sectional view of a liquid crystal
display device in association with embodiment 3 producing
an ordinary display.

[0026] FIG. 7 is a diagram depicting a 3D display prin-
ciple where a parallax barrier sets a viewing angle.

[0027] FIG. 8 is a diagram showing viewing regions for a
3D display screen.

[0028] FIGS. 9(a) and 9(b) are diagrams showing the
relative positions of the display screen and the viewer for a
3D display and for a dual image display respectively.

DESCRIPTION OF THE EMBODIMENTS

Embodiment 1

[0029] The following will describe an embodiment of the
present invention in reference to FIG. 1. First, the structure
of a liquid crystal display panel in association with the

present embodiment will be described briefly in reference to
FIG. 1.

[0030] A liquid crystal display panel 1, as shown in FIG.
1, includes two transparent substrates 11. Each substrate 11
is provided on it with a transparent electrode layer and an
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alignment film (neither shown). Between the substrates 11
does the panel 1 further include a liquid crystal layer 12, a
color filter 13, a thick resin layer 14, and a parallax barrier
layer 15. A polarizer 16 is provided on external side of each
transparent substrate 11.

[0031] Differently put, in the liquid crystal display panel 1,
the parallax barrier layer 15 is formed between the two
transparent substrates 11, that is, inside the cell. A conven-
tional parallax barrier was placed outside the panel. More-
over, the parallax barrier layer 15 is separated from the color
filter 13 by the thick resin layer 14. The parallax barrier layer
15, if placed in contact with the color filter 13, would fail to
deliver its parallax barrier functions. The separation between
the parallax barrier layer 15 and the color filter 13 is adjusted
to a suitable value by means of the thickness of the thick
resin layer 14.

[0032] The separation between the color filter 13 and the
parallax barrier layer 15 is hence specified to a short distance
(about 50 nm to 100 nm) suitable for the dual image display,
for the purpose of manufacturing the liquid crystal display
panel 1.

[0033] In the liquid crystal display panel 1, the thick resin
layer 14 is given the role of adjusting the separation between
the color filter 13 and the parallax barrier layer 15. This is
because of the members which has a predetermined pixel
pitch, the color filter 13 is positioned closest to the parallax
barrier layer 15. If the liquid crystal display panel 1 includes
no color filter 13 or the liquid crystal layer 12 is positioned
closer to the parallax barrier layer 15 than the color filter 13,
it is the thick resin layer 14 that adjusts the distance between
the liquid crystal layer 12 and the parallax barrier layer 15.
These structures are applicable also to embodiments 2 and 3
which will be detailed later.

[0034] In the liquid crystal display panel 1, the parallax
barrier layer 15 is positioned behind the liquid crystal layer
12 and the color filter 13 with the intervening thick resin
layer 14 separating the layer 15 from the layer 12 and filter
13.

[0035] In the liquid crystal display panel 1, one of the two
substrates 11, sandwiching the liquid crystal layer 12, which
has the thick resin layer 14 and the parallax barrier layer 15
is fabricated as follows.

[0036] First, a non-transmissive material (resin, metal, etc)
is applied to a surface of the transparent substrate 11 made
of, for example, glass, so as to form a film of a predeter-
mined thickness. The film is then patterned to form the
parallax barrier layer 15.

[0037] On the parallax barrier layer 15, the thick resin
layer 14 of a predetermined thickness is formed of an acrylic
or other transparent resin. The thickness is determined to
separate the parallax barrier layer 15 from the color filter 13
by a suitable distance. The color filter 13 is then formed on
the thick resin layer 14. The transparent electrode layer and
the alignment film are formed on the filter 13.

[0038] In the structure in FIG. 1, the thick resin layer 14
intervenes between the parallax barrier layer 15 and the
color filter 13. An alternative to the thick resin layer 14 is a
glass plate etched down to a predetermined thickness inter-
vening between the parallax barrier layer 15 and the color
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filter 13. Using the glass plate, it is still possible to adjust the
distance between the parallax barrier layer 15 and the color
filter 13 to a suitable value.

[0039] When this is the case, however, an air layer occurs
in the transparent regions of the parallax barrier layer 15
between the glass plate and the transparent substrate 11. The
air layer may cause undesirable reflection and refraction and
should be filled with a resin having an equal refractive index.
This requirement may reduce productivity significantly. In
contrast, the structure including the thick resin layer 14 fills
the transparent regions of the parallax barrier layer 15, that
is, between the non-transmissive regions, with the material
forming the thick resin layer 14. The filling leaves no air
layer. It is therefore preferable to form the thick resin layer
14 of a material having a substantially equal refractive index
to the transparent substrate 11. For example, the transparent
substrate 11 may be made of glass, and the thick resin layer
14 of an acrylic resin.

Embodiment 2

[0040] The following will describe another embodiment
of the present invention in reference to FIG. 2 to FIG. 4.

[0041] Inthe liquid crystal display panel 1 of embodiment
1, the parallax barrier layer 15 was provided inside the cell.
This structure of embodiment 1 could not electrically
enable/disable the barrier effect, whilst the structure of
Tokukaihei No. 3-119889 cited in the “BACKGROUND OF
THE INVENTION” can. To put it differently, the liquid
crystal display panel 1 was not capable of switching between
a dual image display and an ordinary display merely through
the structural arrangement of the panel with a similar
technique to the 2D/3D display switching of Tokukaihei No.
3-119889. There appears to be great demand, however, to
see dual image/ordinary mode switching functionality incor-
porated into liquid crystal display devices capable of a dual
image display.

[0042] Present embodiment 2 will describe the structure of
a liquid crystal display device with a capability to switch
between dual image mode and ordinary mode. This liquid
crystal display device is built around the liquid crystal
display panel of embodiment 1.

[0043] FIG. 2 shows the structure of a liquid crystal
display device in association with present embodiment 2.
The liquid crystal display device, as shown in FIG. 2,
contains the liquid crystal display panel 1 of embodiment 1.
The device further contains a frontlight unit 21 and a
backlight unit 22 on the front and back of the device
respectively. The “front” here refers to the side facing the
viewer. The frontlight and backlight units 21, 22 are well-
known lighting units each including a light source and a light
guide plate.

[0044] In the liquid crystal display panel 1 in the liquid
crystal display device in association with present embodi-
ment 2, the parallax barrier layer 15 is a reflective metal
layer. To enable switching between dual image and ordinary
modes, the parallax barrier layer 15 needs be placed behind
the liquid crystal layer 12 and the color filter 13 in the liquid
crystal display panel 1. The thick resin layer 14 also needs
to be provided separating the layer 15 from the layer 12 and
the filter 13.

[0045] The following will describe principles in switching
the liquid crystal display device between dual image mode
and ordinary mode in reference to FIGS. 3, 4.
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[0046] FIG. 3 illustrates dual image mode in operation. In
the dual image mode, only the backlight unit 22 is turned on.
The frontlight unit 21 is turned off. Displays are created only
by the light emitted and traveling from the backlight unit 22.
The light passes through the parallax barrier layer 15, when
image A and image B in FIG. 3 are individually set to a
predetermined viewing angle, achieving a dual image dis-
play.

[0047] FIG. 4 illustrates ordinary mode in operation. In
the ordinary mode, the frontlight unit 21 is turned on.
Displays are created by the light emitted by the frontlight
unit 21 which is reflected off the parallax barrier layer
(reflective metal layer) 15. The reflection does not pass
through the parallax barrier layer 15, let alone experience
any optical path separation due to the parallax barrier. An
ordinary display is thus achieved.

[0048] In the ordinary mode, the backlight unit 22 may not
be turned on. Turning on both the frontlight unit 21 and the
backlight unit 22, however, produces brighter images with
the light from the frontlight unit 21 (indicated by solid lines
in FIG. 4) and the light from the backlight unit 22 (indicated
by broken lines in FIG. 4).

Embodiment 3

[0049] The following will describe another embodiment
of the present invention in reference to FIGS. 5, 6.

[0050] FIG. 5 shows the structure of a liquid crystal
display device in association with present embodiment 3.
The liquid crystal display device, as shown in FIG. 5,
contains a liquid crystal display panel 3. The device further
contains a frontlight unit 21 and a backlight unit 22 on the
front and back of the device respectively. The “front” here
refers to the side facing the viewer. The frontlight unit 21
and the backlight unit 22 are well-known lighting units each
including a light source and a light guide plate.

[0051] The liquid crystal display panel 3 is similarly
constructed to the liquid crystal display panel 1 of embodi-
ment 1. Members of the liquid crystal display panel 3 which
are arranged and operate in a similar manner as those in the
liquid crystal display panel 1 are identified by the same
reference numerals. No detailed description will be given
either.

[0052] The liquid crystal display panel 3 differs from the
liquid crystal display panel 1 in that there is provided a
semitransparent reflector plate 31 between the color filter 13
and the parallax barrier layer 15. FIG. 5 shows the semi-
transparent reflector plate 31 between the color filter 13 and
the thick resin layer 14. The plate 31 may be placed between
the thick resin layer 14 and the parallax barrier layer 15. The
semitransparent reflector plate 31 may be of a type with
through holes or based on a half mirror.

[0053] Due to the provision of the semitransparent reflec-
tor plate 31, the parallax barrier layer 15 may not be a
reflective metal layer as in embodiment 2. The layer 15 may
be made of a resin. In the liquid crystal display panel 3 in
association with present embodiment 3, the parallax barrier
layer 15 may be made of any material. The distance between
the color filter 13 and the parallax barrier layer 15 is adjusted
using the thick resin layer 14, with the thickness of the
semitransparent reflector plate 31 being taken into consid-
eration.
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[0054] FIG. 5 illustrates dual image mode in operation. In
the dual image mode, only the backlight unit 22 is turned on.
The frontlight unit 21 is turned off. Displays are created only
by the light emitted and traveling from the backlight unit 22.
The light passes through the parallax barrier layer 15, when
image A and image B in FIG. § are individually set to a
predetermined viewing angle, achieving a dual image dis-
play. The light traveling through the semitransparent reflec-
tor plate 31 is used to produce displays.

[0055] FIG. 6 illustrates ordinary mode in operation. In
the ordinary mode, the frontlight unit 21 is turned on.
Displays are created by the light emitted by the frontlight
unit 21 which is reflected off the semitransparent reflector
plate 31. The reflection does not pass through the parallax
barrier layer 15, let alone experience any optical path
separation due to the parallax barrier. An ordinary display is
thus achieved.

[0056] Inthe ordinary mode, the backlight unit 22 may not
be turned on as in embodiment 2. Turning on both the
frontlight unit 21 and the backlight unit 22, however, pro-
duces brighter images.

[0057] The parallax barrier layer 15 may be made of any
material in the liquid crystal display panel 3. Nevertheless,
the parallax barrier layer 15, when made of a reflective
metal, makes it possible to utilize the light traveling through
the semitransparent reflector plate 31 to produce displays at
increased brightness in the ordinary mode as in embodiment
2.

[0058] A variation of the liquid crystal display device of
the present embodiment can omit the semitransparent reflec-
tor plate 31, but provide instead transparent regions and
reflective regions in the pixel electrodes formed in contact
with the liquid crystal layer 12. The structure achieves an
ordinary display using reflection off the reflective regions of
the pixel electrodes when the frontlight unit 21 is turned on.
If the structure includes the color filter 13, the color filter 13
needs be placed on the front of the liquid crystal layer 12.

[0059] The liquid crystal display panel in accordance with
the present invention, to address the problems, is character-
ized in that it includes between two transparent substrates:
an image forming layer including at least a liquid crystal
layer; a parallax barrier layer separating a display image
formed by the image forming layer into multiple images for
each of which a different particular viewing angle is set; and
a transparent layer adjusting a distance between the image
forming layer and the parallax barrier layer.

[0060] According to the arrangement, the image forming
layer forming a display image and the parallax barrier layer
separating the display image formed by the image forming
layer are formed in a single cell. The transparent layer
adjusts the distance between the image forming layer and the
parallax barrier layer. Unlike the conventional structure
where the parallax barrier is placed outside the cell, the
separation between the image forming layer and the parallax
barrier layer is rendered a short distance suitable for dual
image displays. A liquid crystal display panel is thus manu-
factured which enables a dual image display.

[0061] Here, the image forming layer is a means to form
a display image in accordance with input image data and
refers basically a liquid crystal layer in a liquid crystal
display panel. However, if the liquid crystal display panel
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includes a color filter, the image forming layer refers col-
lectively to the liquid crystal layer and the color filter.

[0062] In the liquid crystal display panel, it is preferable if
the transparent layer is made of a transparent resin.

[0063] According to the arrangement, in those parts of the
parallax barrier layer where no non-transmissive layer is
formed, that is, transparent regions, the transparent layer is
formed in contact with the transparent substrate (there is no
air layer, etc.). Since the transparent layer has a substantially
equal refractive index to the transparent substrate, no light
undesirably refracts or reflects at the interface between the
transparent layer and the transparent substrate, which con-
tributes to a good display.

[0064] The liquid crystal display device in accordance
with the present invention, to address the problems, is
characterized in that it includes the liquid crystal display
panel. Thus, a liquid crystal display device is thus manu-
factured which enables a dual image display.

[0065] The liquid crystal display device may be arranged
so that: the parallax barrier layer in the liquid crystal display
panel is a reflective metal pattern; and the liquid crystal
display device further includes a frontlight unit and a
backlight unit on a front and a back of the liquid crystal
display panel respectively.

[0066] According to the arrangement, when the backlight
unit is turned on, a dual image display is achieved by the
light emitted by the backlight unit which is transmitted by
the parallax barrier layer. When the frontlight unit is turned
on, an ordinary display is achieved by the light emitted by
the frontlight unit which is reflected off the parallax barrier
layer surface provided as a reflective metal layer. This
enables a combination of a liquid crystal display panel and
two light units to switch between dual image mode and
ordinary mode by switchably turning on the light units.

[0067] In the liquid crystal display device, the liquid
crystal display panel further includes a semitransparent
reflective layer between the image forming layer and the
parallax barrier layer; and the device further includes a
frontlight unit and a backlight unit on a front and a back of
the liquid crystal display panel respectively.

[0068] According to the arrangement, when the backlight
unit is turned on, a dual image display is achieved by the
light emitted by the backlight unit and transmitted through
the parallax barrier layer and the semitransparent reflective
layer. When the frontlight unit is turned on, an ordinary
display is achieved by the light emitted by the frontlight unit
which is reflected off the semitransparent reflective layer.
This enables a combination of a liquid crystal display panel
and two light units to switch between dual image mode and
ordinary mode by switchably turning on the light units.

[0069] In the liquid crystal display device, the liquid
crystal display panel further includes a pixel electrode in
contact with the liquid crystal layer, the pixel electrode
having transparent regions and reflective regions; and the
device further includes a frontlight unit and a backlight unit
on a front and a back of the liquid crystal display panel
respectively.

[0070] According to the arrangement, when the backlight
unit is turned on, a dual image display is achieved by the
light emitted by the backlight unit which is transmitted by
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the transparent regions of the parallax barrier layer and the
pixel electrode. When the frontlight unit is turned on, an
ordinary display is achieved by the light emitted by the
frontlight unit which is reflected off the reflective regions of
the pixel electrode. This enables a combination of a liquid
crystal display panel and two light units to switch between
dual image mode and ordinary mode by switchably turning
on the light units.

[0071] The invention being thus described, it will be
obvious that the same way may be varied in many ways.
Such variations are not to be regarded as a departure from
the spirit and scope of the invention, and all such modifi-
cations as would be obvious to one skilled in the art are
intended to be included within the scope of the following
claims.

What is claimed is:
1. Aliquid crystal display panel, comprising between two
transparent substrates:

an image forming layer including at least a liquid crystal
layer;

a parallax barrier layer separating a display image formed
by the image forming layer into multiple images for
each of which a different particular viewing angle is set;
and

a transparent layer adjusting a distance between the image

forming layer and the parallax barrier layer.

2. The liquid crystal display panel as set forth in claim 1,
wherein the transparent layer is made of a transparent resin
having a substantially equal refractive index to the trans-
parent substrate.
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3. A liquid crystal display device, comprising a liquid
crystal display panel including between two transparent
substrates: an image forming layer including at least a liquid
crystal layer; a parallax barrier layer separating a display
image formed by the image forming layer into multiple
images for each of which a different particular viewing angle
is set; and a transparent layer adjusting a distance between
the image forming layer and the parallax barrier layer.

4. The liquid crystal display device as set forth in claim 3,
wherein:

the parallax barrier layer is a reflective metal pattern; and

the liquid crystal display device further comprises a
frontlight unit and a backlight unit on a front and a back
of the liquid crystal display panel respectively.

5. The liquid crystal display device as set forth in claim 3,
wherein the liquid crystal display panel further includes a
semitransparent reflective layer between the image forming
layer and the parallax barrier layer; and the device further
comprises a frontlight unit and a backlight unit on a front
and a back of the liquid crystal display panel respectively.

6. The liquid crystal display device as set forth in claim 3,
wherein the liquid crystal display panel further includes a
pixel electrode in contact with the liquid crystal layer, the
pixel electrode having transparent regions and reflective
regions; and the device further comprises a frontlight unit
and a backlight unit on a front and a back of the liquid crystal
display panel respectively.
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