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SWITCHING MIRROR PANEL AND
SWITCHING MIRROR DEVICE

TECHNICAL FIELD

[0001] The present invention relates to switching mirror
panels and switching mirror devices. In particular, the pres-
ent invention relates to a switching mirror panel capable of
switching between a transparent mode in which images and
the like on the back surface side of the mirror panel are
visible and a mirror mode in which the mirror panel func-
tions as a mirror. The present invention also relates to a
switching mirror device including the switching mirror
panel.

BACKGROUND ART

[0002] Mirror displays for digital signage or the like
applications have been proposed which include a half mirror
layer on the viewing surface side of a display device to
function as a mirror (for example, see Patent Literatures 1 to
5). Such mirror displays provide images using display light
emitted from the display devices and are also used as mirrors
in a state of reflecting external light.

CITATION LIST

Patent Literature

[0003] Patent Literature 1: JP 3419766 B

[0004] Patent Literature 2: JP 4348061 B

[0005] Patent Literature 3: JP 4211344 B

[0006] Patent Literature 4: JP 2004-125886 A

[0007] Patent Literature 5: JP 4927557 B

SUMMARY OF INVENTION
Technical Problem
[0008] The half mirror layer is an optical member with a

reflective function. For example, reflective polarizing plates
(e.g., multilayer reflective polarizing plates) have been stud-
ied. A reflective polarizing plate reflects incident polarized
light vibrating in the direction parallel to the reflection axis
and transmits incident polarized light vibrating in the direc-
tion perpendicular to the reflection axis. The reflective
polarizing plate therefore can transmit light emitted from a
display device as display light to the viewing surface side
and reflect external light perpendicular to the polarization
direction of the display light to the viewing surface side. A
mirror display including a reflective polarizing plate as a
half mirror layer switches between the display mode and the
mirror mode based on such a principle. In such a mirror
display, the reflective polarizing plate always reflects exter-
nal light. This may result in a bright mirror display even
when a display device provides black display, for example.
Namely, reflection of external light by the reflective polar-
izing plate, which is unnecessary in the display mode, may
deteriorate display quality (e.g., visibility).

[0009] Meanwhile, switching mirror panels have been
studied as the half mirror layer which include, in the
following order from the back surface side to the front
surface side, a reflective polarizing plate, a liquid crystal
panel, and an absorptive polarizing plate. Switching mirror
panels are capable of switching between the transparent
mode of not reflecting external light when a display device
provides images and the mirror mode of reflecting external
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light when the display device provides no images. Conven-
tional switching mirror panels unfortunately fail to display
information such as letters and images in the mirror mode.
In addition, a switching mirror panel including metal con-
ductive lines in a liquid crystal panel may cause low
transmittance in the transparent mode due to interruption of
display light emitted from the display device by the metal
conductive lines.

[0010] Patent Literature 1 discloses a half mirror layer
including, in the following order from the back surface side
to the front surface side, a reflective polarization selecting
member, a varying part for the polarization axis of trans-
mitted light, and an absorptive polarization selecting mem-
ber. The invention disclosed in Patent Literature 1, however,
fails to display information such as letters and images in the
mirror mode. Inventions disclosed in Patent Literatures 2 to
5 also fail to display information such as letters and images
in the mirror mode.

[0011] The present invention was made in view of the
situation in the art and aims to provide a switching mirror
panel with high transmittance capable of displaying infor-
mation such as letters and images in the mirror mode, and a
switching mirror device including the switching mirror
panel.

Solution to Problem

[0012] The present inventors variously studied switching
mirror panels with high transmittance capable of displaying
information such as letters and images in the mirror mode
and focused on the configuration in which a liquid crystal
panel in a switching mirror panel includes an array substrate
with divided pixel regions. They thereby found a configu-
ration in which each of the pixel regions includes a pixel
electrode, a transparent insulating film, and transparent
conductive lines superimposed on the pixel electrode in the
stated order and the pixel electrode is electrically connected
to at least one of the transparent conductive lines through an
aperture formed in the transparent insulating film. The
inventors thus arrived at a solution to the above problem,
completing the present invention.

[0013] Specifically, an aspect of the present invention may
be a switching mirror panel including, in the following order
from the back surface side to the front surface side: a
reflective polarizing plate; a liquid crystal panel including a
pair of substrates facing each other and a liquid crystal layer
disposed between the substrates; and an absorptive polariz-
ing plate, at least one of the substrates including divided
pixel regions, the pixel regions each including, in the
following order from the liquid crystal layer side, a pixel
electrode, a transparent insulating film, and transparent
conductive lines superimposed on the pixel electrode, the
pixel electrode being electrically connected to at least one of
the transparent conductive lines through an aperture formed
in the transparent insulating film, the switching mirror panel
being configured to switch between a transparent mode of
transmitting light incident on the reflective polarizing plate
from the back surface side through the absorptive polarizing
plate and a mirror mode of reflecting light incident on the
absorptive polarizing plate from the front surface side by the
reflective polarizing plate by applying voltage to the pixel
electrode to control the alignment of liquid crystal molecules
in the liquid crystal layer.

[0014] Another aspect of the present invention may be a
switching mirror device including, in the following order
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from the back surface side to the front surface side, a display
device including a polarizing plate and the switching mirror
panel.

[0015] Still another aspect of the present invention may be
a switching mirror device including, in the following order
from the back surface side to the front surface side, a light
absorber and the switching mirror panel.

[0016] Still another aspect of the present invention may be
a switching mirror device including, in the following order
from the back surface side to the front surface side, a display
device, a light absorber, and the switching mirror panel, the
display device including a display surface on the opposite
side of the light absorber.

Advantageous Effects of Invention

[0017] The present invention provides a switching mirror
panel with high transmittance capable of displaying infor-
mation such as letters and images in the mirror mode, and a
switching mirror device including the switching mirror
panel.

BRIEF DESCRIPTION OF DRAWINGS

[0018] FIG. 1 is a schematic cross-sectional view of a
switching mirror panel of Embodiment 1.

[0019] FIG. 2 is a schematic plan view of an array
substrate in FIG. 1.

[0020] FIG. 3 is a schematic cross-sectional view of a
switching mirror device of Embodiment 1.

[0021] FIG. 4 is a schematic cross-sectional view of a
switching mirror device of Modified Example 1 of Embodi-
ment 1.

[0022] FIG. 5 is a schematic cross-sectional view of a
switching mirror device of Modified Example 2 of Embodi-
ment 1.

[0023] FIG. 6 is a schematic cross-sectional view of a
switching mirror device of Embodiment 2.

[0024] FIG. 7 is a schematic cross-sectional view of a
switching mirror device of Embodiment 3.

[0025] FIG. 8 is a schematic cross-sectional view of a
switching mirror device of Embodiment 4.

[0026] FIG. 9 is a schematic cross-sectional view of a
switching mirror device of Comparative Example 1.
[0027] FIG. 10 is a schematic cross-sectional view of a
switching mirror device of Comparative Example 3.
[0028] FIG. 11 is a schematic plan view of an array
substrate in FIG. 10.

[0029] FIG. 12 is a schematic cross-sectional view of a
switching mirror panel of Reference Example 1.

[0030] FIG. 13 is an xy chromaticity diagram derived
from the measurement results of the reflection chromaticity
of a switching mirror device of Example 2.

[0031] FIG. 14 is an xy chromaticity diagram derived
from the measurement results of the reflection chromaticity
of a switching mirror device of Example 3.

[0032] FIG. 15 is an Xy chromaticity diagram derived
from the measurement results of the reflection chromaticity
of a switching mirror device of Example 4.

[0033] FIG. 16 is an Xy chromaticity diagram derived
from the measurement results of the transmission chroma-
ticity of a switching mirror panel of Example 7.

[0034] FIG. 17 is an Xy chromaticity diagram derived
from the measurement results of the transmission chroma-
ticity of a switching mirror panel of Reference Example 1.
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DESCRIPTION OF EMBODIMENTS

[0035] The present invention is described below in more
detail based on embodiments with reference to the drawings.
The embodiments, however, are not intended to limit the
scope of the present invention. The configurations employed
in the embodiments may appropriately be combined or
modified within the spirit of the present invention.

Embodiment 1

[0036] FIG. 1 is a schematic cross-sectional view of a
switching mirror panel of Embodiment 1. As shown in FIG.
1, a switching mirror panel 1la includes, in the following
order from the back surface side to the front surface side, a
reflective polarizing plate 2, a liquid crystal panel 3, and an
absorptive polarizing plate 4. The reflective polarizing plate
2 may be bonded to the back surface side of the liquid crystal
panel 3 via a pressure-sensitive adhesive or the like. The
absorptive polarizing plate 4 may be bonded to the front
surface side of the liquid crystal panel 3 via a pressure-
sensitive adhesive or the like. The term “back surface side”
herein indicates the lower side (the reflective polarizing
plate 2 side) of the switching mirror panel 1a in FIG. 1, for
example. The term “front surface side” herein indicates the
upper side (the absorptive polarizing plate 4 side) of the
switching mirror panel 1a in FIG. 1, for example. In the
present embodiment, the switching mirror panel la is
viewed from the front surface side (the absorptive polarizing
plate 4 side).

[0037] The relationship between the transmission axis of
the reflective polarizing plate 2 and the transmission axis of
the absorptive polarizing plate 4 can appropriately be
designed to suit the liquid crystal alignment mode of the
liquid crystal panel 3. In order to improve the transparency
(visibility of background) of the transparent mode and the
specularity (the visibility of mirror image) of the mirror
mode, the transmission axis of the reflective polarizing plate
2 and the transmission axis of the absorptive polarizing plate
4 are preferably parallel to or perpendicular to each other.
The phrase “two transmission axes are parallel to each
other” herein means that the two axes make an angle in the
range of 0£3°, preferably 0+1°, more preferably 0+0.5°,
particularly preferably 0° (perfectly parallel to each other).
The phrase “two transmission axes are perpendicular to each
other” means that the two axes make an angle in the range
of 90£3°, preferably 90x1°, more preferably 90+0.5°, par-
ticularly preferably 90° (perfectly perpendicular to each
other).

[0038] The reflective polarizing plate 2 may be, for
example, a multilayer reflective polarizing plate, a nano-
wire grid polarizing plate, or a reflective polarizing plate that
utilizes selective reflection of cholesteric liquid crystal.
Examples of the multilayer reflective polarizing plate
include a reflective polarizing plate (trade name: DBEF)
available from Sumitomo 3M Ltd. Examples of the reflec-
tive polarizing plate that utilizes selective reflection of
cholesteric liquid crystal include a reflective polarizing plate
(trade name: PCF) available from Nitto Denko Corporation.
The reflectance and transmittance of the reflective polarizing
plate 2 are not particularly limited, and may be adjusted as
desired by stacking two or more reflective polarizing plates
on each other with their transmission axes shifted from each
other. The term “reflectance” herein indicates the luminous
reflectance unless otherwise stated.
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[0039] The absorptive polarizing plate 4 may be, for
example, a plate obtained by adsorption alignment of a
dichroic anisotropic material, such as an iodine complex, on
a polyvinyl alcohol (PVA) film. The absorptive polarizing
plate has a function of absorbing incident polarized light
vibrating in the direction parallel to its absorption axis and
transmits incident polarized light vibrating in the direction
parallel to its transmission axis perpendicular to the absorp-
tion axis.

[0040] The absorptive polarizing plate 4 preferably has a
parallel transmittance of 37% or higher and 50% or lower,
more preferably 37% or higher and 43% or lower, still more
preferably 37% or higher and 40% or lower, particularly
preferably 38% or higher and 39% or lower. When the
absorptive polarizing plate 4 has a parallel transmittance of
37% or higher, the switching mirror panel 1a in the trans-
parent mode achieves better transmittance. In order to
improve the transmittance of the switching mirror panel 1a
in the transparent mode, the absorptive polarizing plate 4
preferably has a high parallel transmittance. However, the
absorptive polarizing plate 4 with too high a parallel trans-
mittance exhibits a low degree of polarization. With such an
absorptive polarizing plate, the performance of the switch-
ing mirror panel 1a (the function of switching between the
transparent mode and the mirror mode) may be insufficient.

[0041] The liquid crystal panel 3 includes an array sub-
strate 5, a counter substrate 7 facing the array substrate 5,
and a liquid crystal layer 6 disposed between the substrates.
The array substrate 5 and the counter substrate 7 are bonded
together via a sealing material (not illustrated), with the
liquid crystal layer 6 interposed between the substrates 5 and
7.

[0042] The array substrate 5 includes a transparent sub-
strate 8a, transparent conductive lines 9 disposed on the
surface of the transparent substrate 8a on the liquid crystal
layer 6 side, a transparent insulating film 10 covering the
transparent conductive lines 9, and a pixel electrode 11
disposed on the surface of the transparent insulating film 10
on the liquid crystal layer 6 side. The transparent conductive
lines 9 are superimposed on the pixel electrode 11. The pixel
electrode 11 is electrically connected to at least one of the
transparent conductive lines 9 (only one line in FIG. 1) at a
contact part 12 through an aperture formed in the transparent
insulating film 10.

[0043] The pixel electrode 11 and one of the transparent
conductive lines 9 are directly connected in FIG. 1, but they
may be connected via a conductive film. Examples of the
conductive film include transparent conductive films formed
of indium tin oxide (ITO) and metal films formed of
aluminum or titanium. Preferably, the pixel electrode 11 and
the transparent conductive line(s) 9 are connected directly or
via a transparent conductive film from the viewpoint of
improving the transmittance of the switching mirror panel
la. More preferably, the pixel electrode 11 and the trans-
parent conductive line(s) 9 are directly connected from the
viewpoint of efficiently producing the switching mirror
panel la. In contrast, if the pixel electrode 11 and the
transparent conductive line(s) 9 are connected via a metal
film, light incident on the switching mirror panel 1a may be
interrupted by the metal film, resulting in low transmittance
of the switching mirror panel 1a. The term “transparent”
herein means a state with a light transmittance of 80% or
higher.
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[0044] Examples of the transparent substrate 8a include
glass substrates and plastic substrates.

[0045] Examples of the material for the transparent con-
ductive lines 9 and the pixel electrode 11 include indium tin
oxide (ITO), indium zinc oxide (IZO), and zinc oxide (ZnO).
[0046] Examples of the material for the transparent insu-
lating film 10 include organic insulating films and nitride
films.

[0047] On the array substrate 5, the pixel electrode 11 may
be covered with an alignment film that controls the align-
ment of liquid crystal molecules in the liquid crystal layer 6.
The alignment film may be prepared by a conventionally
known method.

[0048] FIG. 2 is a schematic plan view of an array
substrate in FIG. 1. FIG. 2 shows an entire view of the array
substrate. The cross-sectional view taken along the A-A' line
in FIG. 2 corresponds to the cross-sectional view of the array
substrate shown in FIG. 1. As shown in FIG. 2, the array
substrate 5 includes divided pixel regions PR. The pixel
regions PR each include, in the order from the liquid crystal
layer 6 side and as shown in FIG. 1, the pixel electrode 11,
the transparent insulating film 10, and the transparent con-
ductive lines 9 superimposed on the pixel electrode 11. In
the present embodiment, the pixel electrode 11 functions as
a segment electrode. In the array substrate 5, the transparent
conductive lines 9 are superimposed on the pixel electrode
11, which achieves efficient arrangement of the transparent
conductive lines 9. Furthermore, the spaces between the
pixel regions PR (pixel electrodes 11) may be reduced to, for
example, the order of several micrometers. Such a formation
achieves a state where the pixel regions PR (pixel electrodes
11) are recognized as if they constituted one integrated
region, improving the specularity in the mirror mode. Addi-
tionally, the array substrate 5 includes not metal conductive
lines but the transparent conductive lines 9, enhancing the
transmittance of the switching mirror panel 1a.

[0049] An integrated circuit (IC) 14 is disposed at an end
of the array substrate 5 (transparent substrate 8a). The
integrated circuit 14 is connected to the transparent conduc-
tive lines 9. The integrated circuit 14 can apply (transmit)
voltage (signal) to each pixel electrode 11 through the
corresponding transparent conductive line 9. The transparent
conductive lines 9 extend from the integrated circuit 14
beyond the respective contact parts 12 that connect the
transparent conductive lines to the respective pixel elec-
trodes 11. A conductive line (not illustrated) drawn from the
integrated circuit 14 is connected to an end of a flexible
printed circuit board (FPC) 15. The flexible printed circuit
board 15 is connected, at the other end, to a drive circuit 16
for applying voltage to the integrated circuit 14.

[0050] Examples of the integrated circuit 14 include chip-
on-glass (COG) drivers.

[0051] The transparent conductive lines 9 preferably have
an equal length as shown in FIG. 2. Furthermore, the pixel
regions PR preferably include an equal number of the
transparent conductive lines 9 as shown in FIG. 2. This
configuration enables the transparent conductive lines 9 to
have an equal parasitic capacitance. Thus, when an equal
voltage is applied to the transparent conductive lines 9, the
pixel electrodes 11 have an equal potential. This achieves a
uniform mirror surface without irregular reflection in the
mirror mode.

[0052] The following is an exemplary production method
of the array substrate 5.
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(1) Formation of Transparent Conductive Lines

[0053] First, a transparent conductive material (e.g., [TO)
is applied to the transparent substrate 8a by the sputtering
method to form a transparent conductive film. Next, a resist
is applied to the transparent conductive film and is sequen-
tially exposed, baked, and developed (photolithography
method) to form a resist pattern. The transparent conductive
film is etched through the resist pattern, followed by strip-
ping of the resist pattern, to provide patterning on the
transparent conductive film. The patterned transparent con-
ductive film is then baked to form transparent conductive
lines 9.

(2) Formation of Transparent Insulating Film

[0054] The transparent conductive lines 9 are covered with
a transparent insulating material (e.g., organic insulating
film). The transparent insulating material applied thereto is
sequentially exposed, developed, and baked to form the
transparent insulating film 10 in which apertures are formed.

(3) Formation of Pixel Electrodes

[0055] A transparent conductive material (e.g., ITO) is
applied to the transparent insulating film 10 by the sputtering
method to form a transparent conductive film. Next, a resist
is applied to the transparent conductive film and is sequen-
tially exposed, baked, and developed (photolithography
method) to form a resist pattern. The transparent conductive
film is etched through the resist pattern, followed by strip-
ping of the resist pattern, to provide patterning on the
transparent conductive film. The patterned transparent con-
ductive film is then baked to form the pixel electrodes 11.
Through the above steps, the array substrate 5 is obtained.
[0056] The counter substrate 7 includes a transparent
substrate 85 and a common electrode 13 disposed on the
transparent substrate 85 on the liquid crystal layer 6 side.
The common electrode 13 is a planar (solid) electrode.
[0057] The transparent substrate 85 may be a glass sub-
strate or a plastic substrate, for example.

[0058] The common electrode 13 may be formed of ITO,
170, or ZnO, for example.

[0059] The following is an exemplary production method
of the counter substrate 7. First, a transparent conductive
material (e.g., ITO) is applied to the transparent substrate 85
by the sputtering method to form a transparent conductive
film. Next, a resist is applied to the transparent conductive
film and is sequentially exposed, baked, and developed
(photolithography method) to form a resist pattern. The
transparent conductive film is etched through the resist
pattern, followed by stripping of the resist pattern, to provide
patterning on the transparent conductive film. The patterned
transparent conductive film is then baked to form the com-
mon electrode 13. Through the above steps, the counter
substrate 7 is obtained.

[0060] The role of the switching mirror panel 1la is to
switch between the transparent mode and the mirror mode.
The array substrate 5 and the counter substrate 7 thus have
no need for including a color filter layer. Also, there is no
need for a backlight to be disposed in the switching mirror
panel.

[0061] The present embodiment shows a configuration of
the liquid crystal panel 3 that includes the array substrate 5
on the back surface side and the counter substrate 7 on the
front surface side. The present invention also allows a

Apr. 18,2019

configuration including the counter substrate 7 on the back
surface side and the array substrate 5 on the front surface
side (Modified Example 2 of Embodiment 1 described
below) and a configuration including the array substrate 5 on
the back surface side and the front surface side.

[0062] Examples of the liquid crystal alignment mode of
the liquid crystal panel 3 include the twisted nematic (TN)
mode and the vertical alignment-electrically controlled bire-
fringence (VA-ECB) mode.

[0063] The TN mode is a liquid crystal alignment mode
using optical rotation (hereinafter, also referred to as optical
rotation mode). A TN-mode liquid crystal panel includes a
pair of substrates and horizontal alignment films formed on
the respective substrates. The liquid crystal layer 6 includes
a liquid crystal material with positive anisotropy of dielec-
tric constant.

[0064] The horizontal alignment films formed on the sub-
strates in a TN-mode liquid crystal panel have undergone
rubbing treatment in the directions perpendicular to each
other. Thus, when no voltage is applied, liquid crystal
molecules in the liquid crystal layer 6 present horizontal
alignment while being gradually twisted from one substrate
to the other substrate. As a result, the liquid crystal mol-
ecules form a 90° twist between the vicinity of one substrate
and the vicinity of the other substrate while keeping the
horizontal alignment. In the TN-mode liquid crystal panel
with no voltage applied, linearly polarized light emerging
from a polarizing plate disposed on the back surface side
(hereinafter, also referred to as a back-surface-side polariz-
ing plate) travels along the twisted configuration of liquid
crystal molecules, thereby demonstrating 90° rotation of the
polarization direction in the end. Here, when the transmis-
sion axis of the back-surface-side polarizing plate and the
transmission axis of the polarizing plate disposed on the
front surface side of the liquid crystal panel (hereinafter, also
referred to as a front-surface-side polarizing plate) are
placed perpendicular to each other, linearly polarized light
emerging from the back-surface-side polarizing plate can
pass through the front-surface-side polarizing plate.

[0065] When sufficient voltage is applied, the liquid crys-
tal molecules are aligned in the direction perpendicular to
each substrate surface by electric fields generated between
the substrates and the twisted configuration is depolarized,
so that the optical rotation is lost. Here, when the transmis-
sion axis of the back-surface-side polarizing plate and the
transmission axis of the front-surface-side polarizing plate
are placed perpendicular to each other, linearly polarized
light emerging from the back-surface-side polarizing plate
cannot pass through the front-surface-side polarizing plate.
Optical rotation involves small wavelength dispersion
(wavelength dependence), and thus the transmitted light in
a TN-mode liquid crystal panel is almost achromatic, with or
without voltage applied.

[0066] The VA-ECB-mode is a liquid crystal alignment
mode using the birefringence of liquid crystal molecules
(hereinafter, also referred to as a birefringence mode). In the
birefringence mode, changing the voltage applied to liquid
crystal molecules changes the retardation. In a birefringence
mode liquid crystal panel, the polarization state of linearly
polarized light emerging from the back-surface-side polar-
izing plate is altered by the birefringence of the liquid crystal
panel, and the linearly polarized light is converted into
elliptically polarized light whose ellipticity usually corre-
sponds to the degree of the imparted retardation. The amount
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of the elliptically polarized light passing through the front-
surface-side polarizing plate thus varies according to the
ellipticity (i.e., applied voltage).

[0067] A VA-ECB-mode liquid crystal panel includes, for
example, a pair of substrates and vertical alignment films
formed on the respective substrates. The liquid crystal layer
includes liquid crystal material with negative anisotropy of
dielectric constant.

[0068] In a VA-ECB-mode liquid crystal panel with no
voltage applied, liquid crystal molecules are vertically
aligned to each substrate surface, causing zero retardation.
In the VA-ECB-mode liquid crystal panel with no voltage
applied, when the transmission axis of the back-surface-side
polarizing plate and the transmission axis of the front-
surface-side polarizing plate are placed parallel to each
other, linearly polarized light vibrating in the direction
parallel to the both transmission axes passes through the
polarizing plates while holding its polarization state. Thus,
the transmitted light is achromatic in the VA-ECB-mode
liquid crystal panel with no voltage applied.

[0069] Meanwhile, application of voltage gradually tilts
the liquid crystal molecules in the direction parallel to each
substrate surface, thereby gradually increasing the retarda-
tion. As a result, the transmittance of the liquid crystal panel
gradually decreases. For example, the transmittance of light
having a wavelength of 550 nm becomes minimum when the
retardation is 275 nm. The transmittance of light here is
proportional to the formula [cos(mxR/A)]* wherein R is the
retardation of a medium in a configuration including two
polarizing plates whose transmission axes are parallel to
each other and the medium disposed between the plates, and
A is the wavelength of light incident on the configuration.
For example, when the retardation R is half the wavelength
A, the minimum transmittance is obtained. It should be noted
that light having a wavelength of 550 nm is light having a
wavelength at which the human sensitivity, a luminosity
factor, is highest.

[0070] The birefringence effects described above, i.c., the
effects such as the effect of altering the polarization state of
the incident polarized light and the effect of changing the
transmittance thereof involve large wavelength dispersion.
In a birefringence mode liquid crystal panel, the transmitted
light therefore generally cannot be achromatic except for the
state of zero retardation. In other words, the birefringence
mode liquid crystal panel is capable of switching, in trans-
mission of incident polarized light, between a non-coloring
mode of not altering the polarization state of the polarized
light (zero retardation state) and a coloring mode of altering
the polarization state of the polarized light (non-zero retar-
dation state). The non-coloring mode corresponds to, for
example, the state with no voltage applied (the state where
sufficient voltage is not applied so as to prevent generation
of birefringence) in a VA-ECB-mode liquid crystal panel.
The coloring mode corresponds to, for example, the state
with voltage applied (the state where sufficient voltage is
applied so as to cause birefringence) in a VA-ECB-mode
liquid crystal panel.

[0071] The switching mirror panel 1a is capable of switch-
ing between the transparent mode and the mirror mode by
the following principle. In other words, the switching mirror
panel 1a can be used as a see-through display. Here, the
transparent mode is a state in which voltage applied to the
pixel electrode 11 controls the alignment of liquid crystal
molecules in the liquid crystal layer 6 so that light incident

Apr. 18,2019

on the reflective polarizing plate 2 from the back surface side
passes through the absorptive polarizing plate 4. The mirror
mode is a state in which voltage applied to the pixel
electrode 11 controls the alignment of liquid crystal mol-
ecules in the liquid crystal layer 6 so that light incident on
the absorptive polarizing plate 4 from the front surface side
is reflected by the reflective polarizing plate 2. Description
of the following specification examples is given below.

(Specification Example 1-1) The case where the liquid
crystal panel 3 is a TN-mode liquid crystal panel

(Specification Example 1-2) The case where the liquid
crystal panel 3 is a VA-ECB-mode liquid crystal panel

Specification Example 1-1

[0072] The following is the description of the case where,
in the switching mirror panel 1a, the transmission axis of the
reflective polarizing plate 2 and the transmission axis of the
absorptive polarizing plate 4 are perpendicular to each other.

(Transparent Mode)

[0073] The transparent mode is achieved when no voltage
is applied (the state where sufficient voltage is not applied to
cause optical rotation) in the liquid crystal panel 3. This will
be specifically described below.

[0074] First, light incident on the reflective polarizing
plate 2 from the back surface side that vibrates in the
direction parallel to the transmission axis of the reflective
polarizing plate 2 passes through the reflective polarizing
plate 2 to be converted into linearly polarized light. The
linearly polarized light emerging from the reflective polar-
izing plate 2 travels along the twisted liquid crystal mol-
ecules as it passes through the liquid crystal panel 3 (with no
voltage applied), thereby demonstrating 90° rotation of the
polarization direction. The light is thus converted into lin-
early polarized light that vibrates in the direction perpen-
dicular to the transmission axis of the reflective polarizing
plate 2. The linearly polarized light emerging from the liquid
crystal panel 3 passes through the absorptive polarizing plate
4 whose transmission axis is perpendicular to the transmis-
sion axis of the reflective polarizing plate 2.

[0075] Light incident on the reflective polarizing plate 2
from the back surface side that vibrates in the direction
perpendicular to the transmission axis (parallel to the reflec-
tion axis) of the reflective polarizing plate 2 is reflected by
the reflective polarizing plate 2 to the back surface side.

[0076] Thereby, the back surface side of the switching
mirror panel 1la is visible in the transparent mode. In
addition, light incident on the absorptive polarizing plate 4
from the front surface side that vibrates in the direction
parallel to the transmission axis of the absorptive polarizing
plate 4 passes through the absorptive polarizing plate 4, the
liquid crystal panel 3 (with no voltage applied), and the
reflective polarizing plate 2. Light incident on the absorptive
polarizing plate 4 from the front surface side that vibrates in
the direction perpendicular to the transmission axis (in the
direction parallel to the absorption axis) of the absorptive
polarizing plate 4 is absorbed by the absorptive polarizing
plate 4. This achieves no reflection of external light (light
incident on the absorptive polarizing plate 4 from the front
surface side) by the reflective polarizing plate 2, preventing
low visibility of the back surface side of the switching mirror
panel 1a.
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(Mirror Mode)

[0077] The mirror mode is achieved when voltage is
applied (when sufficient voltage is applied to eliminate
optical rotation) in the liquid crystal panel 3. This will be
specifically described below.

[0078] First, light incident on the absorptive polarizing
plate 4 from the front surface side that vibrates in the
direction parallel to the transmission axis of the absorptive
polarizing plate 4 passes through the absorptive polarizing
plate 4 to be converted into linearly polarized light. The
linearly polarized light emerging from the absorptive polar-
izing plate 4 passes through the liquid crystal panel 3 (with
voltage applied) while holding its polarization direction. The
linearly polarized light emerging from the liquid crystal
panel 3 is reflected by the reflective polarizing plate 2 whose
reflection axis is parallel to the transmission axis of the
absorptive polarizing plate 4. The linearly polarized light
reflected by the reflective polarizing plate 2 passes through
the liquid crystal panel 3 and then the absorptive polarizing
plate 4 to be emitted as reflected light to the front surface
side.

[0079] Light incident on the absorptive polarizing plate 4
from the front surface side that vibrates in the direction
perpendicular to the transmission axis (parallel to the
absorption axis) of the absorptive polarizing plate 4 is
absorbed by the absorptive polarizing plate 4.

[0080] Thereby, a mirror image is visible by reflected light
in the mirror mode. In addition, the liquid crystal panel 3
includes segment electrodes. Voltage application to part(s)
of the pixels (pixel regions PR) enables display of informa-
tion such as letters and images by reflected light. Here, the
reflected light is colorless (has an achromatic color). In the
pixels with no voltage applied, the back surface side of the
switching mirror panel 1a is visible.

[0081] The following is the description of the case where,
in the switching mirror panel 1a, the transmission axis of the
reflective polarizing plate 2 and the transmission axis of the
absorptive polarizing plate 4 are parallel to each other.

(Transparent Mode)

[0082] The transparent mode is achieved when voltage is
applied (when sufficient voltage is applied to eliminate
optical rotation) in the liquid crystal panel 3. This will be
specifically described below.

[0083] First, light incident on the reflective polarizing
plate 2 from the back surface side that vibrates in the
direction parallel to the transmission axis of the reflective
polarizing plate 2 passes through the reflective polarizing
plate 2 to be converted into linearly polarized light. The
linearly polarized light emerging from the reflective polar-
izing plate 2 passes through the liquid crystal panel 3 (with
voltage applied) while holding its polarization direction. The
linearly polarized light emerging from the liquid crystal
panel 3 passes through the absorptive polarizing plate 4
whose transmission axis is parallel to the transmission axis
of the reflective polarizing plate 2.

[0084] Light incident on the reflective polarizing plate 2
from the back surface side that vibrates in the direction
perpendicular to the transmission axis (parallel to the reflec-
tion axis) of the reflective polarizing plate 2 is reflected by
the reflective polarizing plate 2 to the back surface side.
[0085] Thereby, the back surface side of the switching
mirror panel la is visible in the transparent mode. In
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addition, light incident on the absorptive polarizing plate 4
from the front surface side that vibrates in the direction
parallel to the transmission axis of the absorptive polarizing
plate 4 passes through the absorptive polarizing plate 4, the
liquid crystal panel 3 (with voltage applied), and the reflec-
tive polarizing plate 2. Light incident on the absorptive
polarizing plate 4 from the front surface side that vibrates in
the direction perpendicular to the transmission axis (in the
direction parallel to the absorption axis) of the absorptive
polarizing plate 4 is absorbed by the absorptive polarizing
plate 4. This achieves no reflection of external light (light
incident on the absorptive polarizing plate 4 from the front
surface side) by the reflective polarizing plate 2, preventing
low visibility of the back surface side of the switching mirror
panel 1a.

(Mirror Mode)

[0086] The mirror mode is achieved when no voltage is
applied (when sufficient voltage is not applied so as to cause
optical rotation) in the liquid crystal panel 3. This will be
specifically described below.

[0087] First, light incident on the absorptive polarizing
plate 4 from the front surface side that vibrates in the
direction parallel to the transmission axis of the absorptive
polarizing plate 4 passes through the absorptive polarizing
plate 4 to be converted into linearly polarized light. The
linearly polarized light emerging from the absorptive polar-
izing plate 4 travels along the twisted liquid crystal mol-
ecules as it passes through the liquid crystal panel 3 (with no
voltage applied), thereby demonstrating 90° rotation of the
polarization direction. The light is thus converted into lin-
early polarized light that vibrates in the direction perpen-
dicular to the transmission axis of the absorptive polarizing
plate 4. The linearly polarized light emerging from the liquid
crystal panel 3 is reflected by the reflective polarizing plate
2 whose reflection axis is perpendicular to the transmission
axis of the absorptive polarizing plate 4. The linearly polar-
ized light reflected by the reflective polarizing plate 2 passes
through the liquid crystal panel 3 and then the absorptive
polarizing plate 4 to be emitted as reflected light to the front
surface side.

[0088] Light incident on the absorptive polarizing plate 4
from the front surface side that vibrates in the direction
perpendicular to the transmission axis (parallel to the
absorption axis) of the absorptive polarizing plate 4 is
absorbed by the absorptive polarizing plate 4.

[0089] Thereby, a mirror image is visible by reflected light
in the mirror mode. In addition, the liquid crystal panel 3
includes segment electrodes. No voltage application to part
(s) of the pixels (pixel regions PR) enables display of
information such as letters and images by reflected light. In
the pixels with voltage applied, the back surface side of the
switching mirror panel 1a is visible.

[0090] When the liquid crystal panel 3 is an optical
rotation mode (e.g., TN mode) liquid crystal panel, the
transmission axis of the reflective polarizing plate 2 and the
transmission axis of the absorptive polarizing plate 4 are
preferably perpendicular to each other in order to improve
the transmittance of the switching mirror panel 1a in the
transparent mode. If the transmission axis of the reflective
polarizing plate 2 and the transmission axis of the absorptive
polarizing plate 4 are parallel to each other, the transparent
mode is achieved when voltage is applied to the liquid
crystal panel 3 as stated above, which causes retardation.
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Specification Example 1-2

[0091] The following is the description of the case where,
in the switching mirror panel 1a, the transmission axis of the
reflective polarizing plate 2 and the transmission axis of the
absorptive polarizing plate 4 are parallel to each other.

(Transparent Mode)

[0092] The transparent mode is achieved when no voltage
is applied (when sufficient voltage is not applied so as to
prevent birefringence) in the liquid crystal panel 3. This will
be specifically described below.

[0093] First, light incident on the reflective polarizing
plate 2 from the back surface side that vibrates in the
direction parallel to the transmission axis of the reflective
polarizing plate 2 passes through the reflective polarizing
plate 2 to be converted into linearly polarized light. Here, the
liquid crystal panel 3 has zero retardation. The linearly
polarized light emerging from the reflective polarizing plate
2 thus passes through the liquid crystal panel 3 (with no
voltage applied) while holding its polarization state (non-
coloring mode). The linearly polarized light emerging from
the liquid crystal panel 3 passes through the absorptive
polarizing plate 4 whose transmission axis is parallel to the
transmission axis of the reflective polarizing plate 2.
[0094] Light incident on the reflective polarizing plate 2
from the back surface side that vibrates in the direction
perpendicular to the transmission axis (parallel to the reflec-
tion axis) of the reflective polarizing plate 2 is reflected by
the reflective polarizing plate 2 to the back surface side.
[0095] Thereby, the back surface side of the switching
mirror panel la is visible in the transparent mode. In
addition, light incident on the absorptive polarizing plate 4
from the front surface side that vibrates in the direction
parallel to the transmission axis of the absorptive polarizing
plate 4 passes through the absorptive polarizing plate 4, the
liquid crystal panel 3 (with no voltage applied), and the
reflective polarizing plate 2. Light incident on the absorptive
polarizing plate 4 from the front surface side that vibrates in
the direction perpendicular to the transmission axis (in the
direction parallel to the absorption axis) of the absorptive
polarizing plate 4 is absorbed by the absorptive polarizing
plate 4. This achieves no reflection of external light (light
incident on the absorptive polarizing plate 4 from the front
surface side) by the reflective polarizing plate 2, preventing
low visibility of the back surface side of the switching mirror
panel 1a.

(Mirror Mode)

[0096] The mirror mode is achieved when voltage is
applied (when sufficient voltage is applied so as to cause
birefringence) in the liquid crystal panel 3. This will be
specifically described below.

[0097] First, light incident on the absorptive polarizing
plate 4 from the front surface side that vibrates in the
direction parallel to the transmission axis of the absorptive
polarizing plate 4 passes through the absorptive polarizing
plate 4 to be converted into linearly polarized light. The
polarization state of linearly polarized light emerging from
the absorptive polarizing plate 4 is altered by the birefrin-
gence effects of the liquid crystal panel 3 (coloring mode) as
it passes through the liquid crystal panel 3 (with voltage
applied), and the linearly polarized light is converted into
elliptically polarized light. The elliptically polarized light
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emerging from the liquid crystal panel 3 that vibrates in the
direction parallel to the transmission axis of the reflective
polarizing plate 2 passes through the reflective polarizing
plate 2. In contrast, the elliptically polarized light emerging
from the liquid crystal panel 3 that vibrates in the direction
perpendicular to the transmission axis (parallel to the reflec-
tion axis) of the reflective polarizing plate 2 is reflected by
the reflective polarizing plate 2 as linearly polarized light.
The polarization state of the linearly polarized light reflected
by the reflective polarizing plate 2 is altered by the birefrin-
gence effects of the liquid crystal panel 3 as it passes through
the liquid crystal panel 3, and the linearly polarized light is
converted into elliptically polarized light. The elliptically
polarized light emerging from the liquid crystal panel 3 that
vibrates in the direction parallel to the transmission axis of
the absorptive polarizing plate 4 passes through the absorp-
tive polarizing plate 4 to be emitted as reflected light to the
front surface side. The elliptically polarized light emerging
from the liquid crystal panel 3 that vibrates in the direction
perpendicular to the transmission axis (parallel to the
absorption axis) of the absorptive polarizing plate 4 is
absorbed by the absorptive polarizing plate 4.

[0098] Light incident on the absorptive polarizing plate 4
from the front surface side that vibrates in the direction
perpendicular to the transmission axis (parallel to the
absorption axis) of the absorptive polarizing plate 4 is
absorbed by the absorptive polarizing plate 4.

[0099] Thereby, a mirror image is visible by reflected light
in the mirror mode. In addition, the liquid crystal panel 3
includes segment electrodes. Voltage application to part(s)
of the pixels (pixel regions PR) thus enables display of
information such as letters and images by reflected light.
Here, variation in polarization state caused by the birefrin-
gence and variations in transmittance and reflectance that
accompany the polarization state variation involve large
wavelength dispersion. The intensity of reflected light thus
varies according to the wavelength. Namely, the reflected
light is colored in the mirror mode. In the pixels with no
voltage applied, the back surface side of the switching
mirror panel 1a is visible.

[0100] In a liquid crystal panel 3 of birefringence mode
(e.g., VA-ECB-mode), the color of reflected light can be
adjusted by the effective retardation introduced by the liquid
crystal panel 3. The “effective retardation” (also referred to
simply as retardation) herein refers to the retardation
observed from the normal direction in the state where a
certain level of voltage is applied to a birefringence mode
liquid crystal panel. For example, in a VA-ECB-mode liquid
crystal panel, the effective retardation is zero because the
liquid crystal molecules are aligned perpendicularly to each
substrate surface when no voltage is applied. Here, appli-
cation of voltage gradually tilts the liquid crystal molecules
in the direction parallel to each substrate surface, thereby
gradually increasing the effective retardation. When all the
liquid crystal molecules are uniformly tilted in the direction
parallel to each substrate surface, the effective retardation
becomes maximum. Here, the maximum effective retarda-
tion in principle is represented by And (hereinafter, also
referred to as liquid crystal retardation) where An is the
refractive index anisotropy of the liquid crystal (liquid
crystal layer 6) constituting the liquid crystal panel 3 and d
is the thickness of the liquid crystal layer.

[0101] With the actual configuration and materials of the
liquid crystal panel 3, it is substantially difficult to align all
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the liquid crystal molecules uniformly. Typically, the liquid
crystal molecules are not uniformly distributed in at least
one of the thickness direction and the horizontal direction of
the liquid crystal layer 6. For example, liquid crystal mol-
ecules in the vicinity of each substrate surface are less likely
to move even when voltage is applied due to the alignment
regulating force of the alignment films. In contrast, liquid
crystal molecules in the vicinity of the center portion in the
thickness direction are more likely to move when voltage is
applied. Liquid crystal molecules are therefore not uni-
formly aligned in the thickness direction. For these reasons,
the maximum effective retardation is actually not completely
the same as, but is slightly lower than, the liquid crystal
retardation (And). It is still true that a larger liquid crystal
retardation leads to a larger maximum effective retardation
and thus widens the range of the retardation that can be
achieved by the birefringence mode liquid crystal panel 3.
Hence, setting the value of the liquid crystal retardation of
the birefringence mode liquid crystal panel 3 is important for
color adjustment of reflected light. A larger liquid crystal
retardation is more preferred.

[0102] As described above, the transmittance of the bire-
fringence mode liquid crystal panel 3 in principle is mini-
mum when the effective retardation is half the wavelength of
incident light. That is, increasing the effective retardation to
a value greater than the half of the wavelength of incident
light corresponds to sufficiently shifting the alignment state
of the liquid crystal molecules. For example, in a VA-ECB-
mode liquid crystal panel, it corresponds to shifting the
alignment of the liquid crystal molecules perpendicular to
each substrate surface to the alignment parallel to each
substrate surface. This means that, in the coloring mode, the
color of reflected light can be adjusted when the birefrin-
gence mode liquid crystal panel 3 introduces a retardation
(effective value) greater than the half of the wavelength of
incident light. Such a retardation of the birefringence mode
liquid crystal panel 3 is usually designed for light having a
wavelength of 550 nm at which the human sensitivity, a
luminosity factor, is highest. Hence, in the coloring mode,
the birefringence mode liquid crystal panel 3 preferably
changes the retardation to a value greater than 275 nm when
measured with light having a wavelength of 550 nm. This
enables adjustment of the color of reflected light. The
expression “shifting the retardation to a value greater than
275 nm” herein means increasing the retardation to the
maximum value X and the retardation X is a value greater
than 275 nm.

[0103] The following is the description of the case where,
in the switching mirror panel 1a, the transmission axis of the
reflective polarizing plate 2 and the transmission axis of the
absorptive polarizing plate 4 are perpendicular to each other.

(Transparent Mode)

[0104] The transparent mode is achieved when voltage is
applied (when sufficient voltage is applied so as to cause
birefringence) in the liquid crystal panel 3. This will be
specifically described below.

[0105] First, light incident on the reflective polarizing
plate 2 from the back surface side that vibrates in the
direction parallel to the transmission axis of the reflective
polarizing plate 2 passes through the reflective polarizing
plate 2 to be converted into linearly polarized light. The
polarization state of the linearly polarized light emerging
from the reflective polarizing plate 2 is altered by the
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birefringence effects of the liquid crystal panel 3 (coloring
mode) as it passes through the liquid crystal panel 3 (with
voltage applied), and the linearly polarized light is converted
into elliptically polarized light. The elliptically polarized
light emerging from the liquid crystal panel 3 that vibrates
in the direction parallel to the transmission axis of the
absorptive polarizing plate 4 passes through the absorptive
polarizing plate 4. In contrast, the elliptically polarized light
emerging from the liquid crystal panel 3 that vibrates in the
direction perpendicular to the transmission axis (parallel to
the absorption axis) of the absorptive polarizing plate 4 is
absorbed by the absorptive polarizing plate 4.

[0106] Light incident on the reflective polarizing plate 2
from the back surface side that vibrates in the direction
perpendicular to the transmission axis (parallel to the reflec-
tion axis) of the reflective polarizing plate 2 is reflected by
the reflective polarizing plate 2 to the back surface side.
[0107] Thereby, the back surface side of the switching
mirror panel 1a is visible in the transparent mode. Here,
variation in polarization state caused by the birefringence
and variation in transmittance that accompanies the polar-
ization state variation involve large wavelength dispersion.
Transmitted light passing through the switching mirror panel
la from the back surface side thus changes its intensity
according to the wavelength. Namely, transmitted light is
colored in the transparent mode.

(Mirror Mode)

[0108] The mirror mode is achieved when no voltage is
applied (when sufficient voltage is not applied so as to
prevent birefringence) in the liquid crystal panel 3. This will
be specifically described below.

[0109] First, light incident on the absorptive polarizing
plate 4 from the front surface side that vibrates in the
direction parallel to the transmission axis of the absorptive
polarizing plate 4 passes through the absorptive polarizing
plate 4 to be converted into linearly polarized light. Here, the
liquid crystal panel 3 has zero retardation. The linearly
polarized light emerging from the absorptive polarizing
plate 4 thus passes through the liquid crystal panel 3 (with
no voltage applied) while holding its polarization state
(non-coloring mode). The linearly polarized light emerging
from the liquid crystal panel 3 is reflected by the reflective
polarizing plate 2 whose reflection axis is parallel to the
transmission axis of the absorptive polarizing plate 4. The
linearly polarized light reflected by the reflective polarizing
plate 2 passes through the liquid crystal panel 3 and then the
absorptive polarizing plate 4 to be emitted as reflected light
to the front surface side.

[0110] Light incident on the absorptive polarizing plate 4
from the front surface side that vibrates in the direction
perpendicular to the transmission axis (parallel to the
absorption axis) of the absorptive polarizing plate 4 is
absorbed by the absorptive polarizing plate 4.

[0111] Thereby, a mirror image is visible by reflected light
in the mirror mode. In addition, the liquid crystal panel 3
includes segment electrodes. No voltage application to part
(s) of the pixels (pixel regions PR) enables display of
information such as letters and images by reflected light.
Here, reflected light is colorless (achromatic). In the pixels
with voltage applied, the back surface side of the switching
mirror panel 1a is visible.

[0112] When the liquid crystal panel 3 is a birefringence
mode (e.g., VA-ECB-mode) liquid crystal panel, the trans-
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mission axis of the reflective polarizing plate 2 and the
transmission axis of the absorptive polarizing plate 4 are
preferably parallel to each other from the viewpoint of
improving the transmittance of the switching mirror panel
1a in the transparent mode. If the transmission axis of the
reflective polarizing plate 2 and the transmission axis of the
absorptive polarizing plate 4 are perpendicular to each other,
the transparent mode is achieved when voltage is applied to
the liquid crystal panel 3 as stated above, which causes
retardation.

[0113] FIG. 3 is a schematic cross-sectional view of a
switching mirror device of Embodiment 1. As shown in FIG.
3, a switching mirror device 17a includes, in the following
order from the back surface side to the front surface side, a
liquid crystal display device 18 and the switching mirror
panel 1a. The present embodiment gives a configuration in
which the switching mirror panel 1a and the liquid crystal
display device 18 are disposed with a distance (with an air
layer in between). These members may be bonded together
with a pressure-sensitive adhesive or the like (such a con-
figuration will be described in Modified Example 1 of
Embodiment 1).

[0114] The liquid crystal display device 18 includes, in the
following order from the back surface side to the front
surface side, a backlight 19, an absorptive polarizing plate
4a, a liquid crystal panel 20 for display, and an absorptive
polarizing plate 4b. The absorptive polarizing plate 4a may
be bonded to the back surface side of the liquid crystal panel
20 for display with a pressure-sensitive adhesive or the like.
The absorptive polarizing plate 456 may be bonded to the
front surface side of the liquid crystal panel 20 for display
with a pressure-sensitive adhesive or the like. In the present
embodiment, the liquid crystal display device 18 is viewed
from the front surface side (the absorptive polarizing plate
45 side). Namely, the liquid crystal display device 18 has a
display surface on the switching mirror panel 1a side.

[0115] The relationship between the transmission axis of
the absorptive polarizing plate 4a and the transmission axis
of the absorptive polarizing plate 4b can appropriately be
designed to suit the liquid crystal alignment mode of the
liquid crystal panel 20 for display. In order to enhance the
visibility of images of the liquid crystal panel 20 for display
in the transparent mode and the visibility of mirror image in
the mirror mode, the transmission axis of the reflective
polarizing plate 2 and the transmission axis of the absorptive
polarizing plate 4b are preferably parallel to each other. The
absorptive polarizing plate 46 may be excluded and the
functions thereof may alternatively be conducted by the
reflective polarizing plate 2. Yet, since the degree of polar-
ization of a reflective polarizing plate is typically lower than
that of an absorptive polarizing plate, exclusion of the
absorptive polarizing plate 45 causes a decrease in the
contrast ratio in the display mode. Conversely, a sufficient
degree of polarization of the reflective polarizing plate 2
allows exclusion of the absorptive polarizing plate 454. In
order to exclude the absorptive polarizing plate 45, the
degree of polarization of the reflective polarizing plate 2 is
preferably 90% or higher (contrast ratio of 10 or higher),
more preferably 99% or higher (contrast ratio of 100 or
higher).

[0116] The absorptive polarizing plate 4a and the absorp-
tive polarizing plate 45 may each be, for example, a plate
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obtained by adsorption alignment of a dichroic anisotropic
material, such as an iodine complex, on a polyvinyl alcohol
film.

[0117] The backlight 19 may be of any type such as an
edge-lit backlight or a direct-lit backlight. The light source
of the backlight 19 may be of any type such as light emitting
diodes (LEDs) or cold cathode fluorescent lamps (CCFLs).
[0118] The liquid crystal panel 20 for display has a con-
figuration including a liquid crystal layer held between
paired substrates (not illustrated). The paired substrates
constituting the liquid crystal panel 20 for display are
attached to each other with a sealant to hold the liquid crystal
layer in between.

[0119] The paired substrates constituting the liquid crystal
panel 20 for display may be of any type such as a thin-film
transistor array substrate and a color filter substrate in
combination.

[0120] The thin-film transistor array substrate may have a
configuration including, for example, various conductive
lines such as thin-film transistor elements on a transparent
substrate such as a glass substrate or a plastic substrate. The
thin-film transistor elements each include a semiconductor
layer which may contain, without limitation, amorphous
silicon, low-temperature polysilicon, or oxide semiconduc-
tor. Examples of the oxide semiconductor include com-
pounds containing indium, gallium, zinc, and oxygen and
compounds containing indium, zinc, and oxygen. In the case
of'using as the oxide semiconductor a compound containing
indium, gallium, zinc, and oxygen which has a low off-
leakage current, application of voltage to the oxide semi-
conductor enables paused drive in which the voltage is held
until the next data signal (voltage) is input (applied). A
compound containing indium, gallium, zinc, and oxygen is
therefore preferred as the oxide semiconductor in terms of
low power consumption.

[0121] The color filter substrate may have a configuration
including, for example, a color filter layer disposed on a
transparent substrate such as a glass substrate or a plastic
substrate. The combination of colors for the color filter layer
may be, but is not particularly limited to, a combination of
red, green, and blue, or a combination of red, green, blue,
and yellow.

[0122] The liquid crystal alignment mode of the liquid
crystal panel 20 for display may be, but is not particularly
limited to, a multi-domain vertical alignment (MVA) mode,
a fringe field switching (FFS) mode, a vertical alignment
(VA) mode, an in-plane switching (IPS) mode, an optically
compensated birefringence (OCB) mode, and a TN mode.

[0123] In a MVA-mode liquid crystal panel with no volt-
age applied, liquid crystal molecules having a negative
anisotropy of dielectric constant are aligned perpendicularly
to each substrate surface. The MVA-mode liquid crystal
panel includes structures such as ribs or slits disposed on at
least one of the substrates. These structures control liquid
crystal molecules to tilt in directions when voltage is applied
to achieve a wide viewing angle. The MVA mode encom-
passes an ultra-violet induced multi-domain vertical align-
ment (UV?A) mode that uses alignment division of a photo-
alignment film.

[0124] InaFFS-mode liquid crystal panel, alignment films
disposed on paired substrates are subjected to rubbing
treatment in the direction anti-parallel to each other. Thus,
when no voltage is applied, liquid crystal molecules are
aligned parallelly to each substrate surface. Here, one of the
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paired substrates constituting the FFS-mode liquid crystal
panel includes, in the following order from the liquid crystal
layer side, an upper layer electrode (comb-teeth electrode)
with slits, a transparent insulating film (e.g., nitride film),
and a planar (solid) lower layer electrode. In this configu-
ration, voltage application between the upper and lower
layer electrodes generates fringe electric fields. The FFS-
mode liquid crystal panel thus enables the fringe electric
fields to vary the alignment direction of liquid crystal
molecules, thereby controlling the amount of transmitted
light.

[0125] The present embodiment gives a configuration in
which the liquid crystal display device 18 is disposed on the
back surface side of the switching mirror panel 1a. The
liquid crystal display device 18 may be replaced by a
different display device including a polarizing plate.
Examples of the different display device include display
devices that emit polarized light, such as an organic elec-
troluminescence display device including an absorptive cir-
cularly polarizing plate for antireflection and a micro electro
mechanical system (MEMS) display to which a polarizing
plate is attached.

[0126] The switching mirror device 17a can be operated
by the following principle. Description of the following
examples is given below.

(Specification Example 2-1) The case where the liquid
crystal panel 3 is a TN-mode liquid crystal panel and the
liquid crystal panel 20 for display is a MVA- or FFS-mode
liquid crystal panel

(Specification Example 2-2) The case where the liquid
crystal panel 3 is a VA-ECB-mode liquid crystal panel and
the liquid crystal panel 20 for display is a MVA- or FFS-
mode liquid crystal panel

Specification Example 2-1

[0127] The following is the description of the case where,
in the switching mirror panel 1a, the transmission axis of the
reflective polarizing plate 2 and the transmission axis of the
absorptive polarizing plate 4 are perpendicular to each other.
In the liquid crystal display device 18, the transmission axis
of the absorptive polarizing plate 4a and the transmission
axis of the absorptive polarizing plate 4b are perpendicular
to each other. The transmission axis of the reflective polar-
izing plate 2 and the transmission axis of the absorptive
polarizing plate 456 are parallel to each other.

(Transparent Mode)

[0128] The transparent mode is achieved when no voltage
is applied (when sufficient voltage is not applied to cause
optical rotation) in the liquid crystal panel 3. This will be
specifically described below.

[0129] When the liquid crystal panel 20 for display pro-
vides an image (display mode), linearly polarized light
emitted from the liquid crystal display device 18 (linearly
polarized light emerging from the absorptive polarizing
plate 4b) passes through the reflective polarizing plate 2
whose transmission axis is parallel to the transmission axis
of the absorptive polarizing plate 4b. The linearly polarized
light emerging from the reflective polarizing plate 2 travels
along the twisted liquid crystal molecules as it passes
through the liquid crystal panel 3 (with no voltage applied),
thereby demonstrating 90° rotation of the polarization direc-
tion. The light is thus converted into linearly polarized light
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that vibrates in the direction perpendicular to the transmis-
sion axis of the reflective polarizing plate 2. The linearly
polarized light emerging from the liquid crystal panel 3
passes through the absorptive polarizing plate 4 whose
transmission axis is perpendicular to the transmission axis of
the reflective polarizing plate 2. In other words, despite the
existence of the switching mirror panel la, the image
provided by the liquid crystal panel 20 for display is visible
as in the case without the switching mirror panel 1a.
[0130] Meanwhile, light incident on the absorptive polar-
izing plate 4 from the front surface side that vibrates in the
direction parallel to the transmission axis of the absorptive
polarizing plate 4 passes through the absorptive polarizing
plate 4 to be converted into linearly polarized light. The
linearly polarized light emerging from the absorptive polar-
izing plate 4 travels along the twisted liquid crystal mol-
ecules as it passes through the liquid crystal panel 3, thereby
demonstrating 90° rotation of the polarization direction. The
light is thus converted into linearly polarized light that
vibrates in the direction perpendicular to the transmission
axis of the absorptive polarizing plate 4. The linearly polar-
ized light emerging from the liquid crystal panel 3 passes
through the reflective polarizing plate 2 whose transmission
axis is perpendicular to the transmission axis of the absorp-
tive polarizing plate 4. The linearly polarized light emerging
from the reflective polarizing plate 2 passes through the
absorptive polarizing plate 45 and is absorbed by the absorp-
tive polarizing plate 4a or members of the liquid crystal
panel 20 for display, such as a color filter layer and black
matrix. There is thus little light that travels back as reflected
light to the front surface side of the switching mirror device
17a.

[0131] Thereby, the image provided by the liquid crystal
panel 20 for display is visible in the transparent mode. In
addition, there is no reflection of external light (light inci-
dent on the absorptive polarizing plate 4 from the front
surface side) by the reflective polarizing plate 2, thereby
preventing low visibility of the image provided by the liquid
crystal panel 20 for display. In the transparent mode, the
liquid crystal panel 20 for display may be in a non-display
state.

(Mirror Mode)

[0132] The mirror mode is achieved when voltage is
applied (when sufficient voltage is applied to eliminate
optical rotation) in the liquid crystal panel 3. This will be
specifically described below.

[0133] The liquid crystal panel 20 for display is in a
non-display state. Here, the liquid crystal panel 20 for
display preferably provides no display entirely or partially.
Providing no display may be achieved by emitting no
display light from the liquid crystal display device 18 by
providing black display or, turning out or toning down the
backlight 19.

[0134] Meanwhile, light incident on the absorptive polar-
izing plate 4 from the front surface side that vibrates in the
direction parallel to the transmission axis of the absorptive
polarizing plate 4 passes through the absorptive polarizing
plate 4 to be converted into linearly polarized light. The
linearly polarized light emerging from the absorptive polar-
izing plate 4 passes through the liquid crystal panel 3 (with
voltage applied) while holding its polarization direction. The
linearly polarized light emerging from the liquid crystal
panel 3 is reflected by the reflective polarizing plate 2 whose
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reflection axis is parallel to the transmission axis of the
absorptive polarizing plate 4. The linearly polarized light
reflected by the reflective polarizing plate 2 passes through
the liquid crystal panel 3 and then the absorptive polarizing
plate 4 to be emitted as reflected light to the front surface
side.

[0135] Thereby, a mirror image is visible by reflected light
in the mirror mode. In addition, the liquid crystal panel 3
includes segment electrodes. Voltage application to part(s)
of the pixels (pixel regions PR) enables display of informa-
tion such as letters and images by reflected light. Here,
reflected light is colorless (has an achromatic color). In the
pixels with no voltage applied, an image provided by the
liquid crystal panel 20 for display is visible.

[0136] The following is the description of the case where,
in the switching mirror panel 1a, the transmission axis of the
reflective polarizing plate 2 and the transmission axis of the
absorptive polarizing plate 4 are parallel to each other. In the
liquid crystal display device 18, the transmission axis of the
absorptive polarizing plate 4a and the transmission axis of
the absorptive polarizing plate 45 are perpendicular to each
other. The transmission axis of the reflective polarizing plate
2 and the transmission axis of the absorptive polarizing plate
4b are parallel to each other.

(Transparent Mode)

[0137] The transparent mode is achieved when voltage is
applied (when sufficient voltage is applied to eliminate
optical rotation) in the liquid crystal panel 3. This will be
specifically described below.

[0138] When the liquid crystal panel 20 for display pro-
vides an image (display mode), linearly polarized light
emitted from the liquid crystal display device 18 (linearly
polarized light emerging from the absorptive polarizing
plate 4b) passes through the reflective polarizing plate 2
whose transmission axis is parallel to the transmission axis
of the absorptive polarizing plate 4b. The linearly polarized
light emerging from the reflective polarizing plate 2 passes
through the liquid crystal panel 3 (with voltage applied)
while holding its polarization direction. The linearly polar-
ized light emerging from the liquid crystal panel 3 passes
through the absorptive polarizing plate 4 whose transmission
axis is parallel to the transmission axis of the reflective
polarizing plate 2. In other words, despite the existence of
the switching mirror panel 1a, the image provided by the
liquid crystal panel 20 for display is visible as in the case
without the switching mirror panel 1a.

[0139] Meanwhile, light incident on the absorptive polar-
izing plate 4 from the front surface side that vibrates in the
direction parallel to the transmission axis of the absorptive
polarizing plate 4 passes through the absorptive polarizing
plate 4 to be converted into linearly polarized light. The
linearly polarized light emerging from the absorptive polar-
izing plate 4 passes through the liquid crystal panel 3 (with
voltage applied) while holding its polarization direction. The
linearly polarized light emerging from the liquid crystal
panel 3 passes through the reflective polarizing plate 2
whose transmission axis is parallel to the transmission axis
of the absorptive polarizing plate 4. The linearly polarized
light emerging from the reflective polarizing plate 2 passes
through the absorptive polarizing plate 46 and is absorbed
by the absorptive polarizing plate 4a or members of the
liquid crystal panel 20 for display, such as a color filter layer
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and black matrix. There is thus little light that travels back
as reflected light to the front surface side of the switching
mirror device 17a.

[0140] Thereby, the image provided by the liquid crystal
panel 20 for display is visible in the transparent mode. In
addition, there is no reflection of external light (light inci-
dent on the absorptive polarizing plate 4 from the front
surface side) by the reflective polarizing plate 2, thereby
avoiding decrease in visibility of the image provided by the
liquid crystal panel 20 for display. In the transparent mode,
the liquid crystal panel 20 for display may be in a non-
display state.

(Mirror Mode)

[0141] The mirror mode is achieved when no voltage is
applied (when sufficient voltage is not applied so as to cause
optical rotation) in the liquid crystal panel 3. This will be
specifically described below.

[0142] The liquid crystal panel 20 for display is in a
non-display state. Here, the liquid crystal panel 20 for
display preferably provides no display entirely or partially.
Providing no display may be achieved by emitting no
display light from the liquid crystal display device 18 by
providing black display or, turning out or toning down the
backlight 19.

[0143] Meanwhile, light incident on the absorptive polar-
izing plate 4 from the front surface side that vibrates in the
direction parallel to the transmission axis of the absorptive
polarizing plate 4 passes through the absorptive polarizing
plate 4 to be converted into linearly polarized light. The
linearly polarized light emerging from the absorptive polar-
izing plate 4 travels along the twisted liquid crystal mol-
ecules as it passes through the liquid crystal panel 3 (with no
voltage applied), thereby demonstrating 90° rotation of the
polarization direction. The light is thus converted into lin-
early polarized light that vibrates in the direction perpen-
dicular to the transmission axis of the absorptive polarizing
plate 4. The linearly polarized light emerging from the liquid
crystal panel 3 is reflected by the reflective polarizing plate
2 whose reflection axis is perpendicular to the transmission
axis of the absorptive polarizing plate 4. The linearly polar-
ized light reflected by the reflective polarizing plate 2 passes
through the liquid crystal panel 3 and then the absorptive
polarizing plate 4 to be emitted as reflected light to the front
surface side.

[0144] Thereby, a mirror image is visible by reflected light
in the mirror mode. In addition, the liquid crystal panel 3
includes segment electrodes. No voltage application to part
(s) of the pixels (pixel regions PR) enables display of
information such as letters and images by reflected light. In
the pixels with voltage applied, an image provided by the
liquid crystal panel 20 for display is visible.

Specification Example 2-2

[0145] The following is the description of the case where,
in the switching mirror panel 1a, the transmission axis of the
reflective polarizing plate 2 and the transmission axis of the
absorptive polarizing plate 4 are parallel to each other. In the
liquid crystal display device 18, the transmission axis of the
absorptive polarizing plate 4a and the transmission axis of
the absorptive polarizing plate 456 are perpendicular to each
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other. The transmission axis of the reflective polarizing plate
2 and the transmission axis of the absorptive polarizing plate
4b are parallel to each other.

(Transparent Mode)

[0146] The transparent mode is achieved when no voltage
is applied (when sufficient voltage is not applied so as to
prevent birefringence) in the liquid crystal panel 3. This will
be specifically described below.

[0147] When the liquid crystal panel 20 for display pro-
vides an image (display mode), linearly polarized light
emitted from the liquid crystal display device 18 (linearly
polarized light emerging from the absorptive polarizing
plate 4b) passes through the reflective polarizing plate 2
whose transmission axis is parallel to the transmission axis
of the absorptive polarizing plate 45. Here, the liquid crystal
panel 3 has zero retardation. The linearly polarized light
emerging from the reflective polarizing plate 2 thus passes
through the liquid crystal panel 3 (with no voltage applied)
while holding its polarization state (non-coloring mode).
The linearly polarized light emerging from the liquid crystal
panel 3 passes through the absorptive polarizing plate 4
whose transmission axis is parallel to the transmission axis
of the reflective polarizing plate 2. In other words, despite
the existence of the switching mirror panel 1a, the image
provided by the liquid crystal panel 20 for display is visible
as in the case without the switching mirror panel 1a.
[0148] Meanwhile, light incident on the absorptive polar-
izing plate 4 from the front surface side that vibrates in the
direction parallel to the transmission axis of the absorptive
polarizing plate 4 passes through the absorptive polarizing
plate 4 to be converted into linearly polarized light. The
linearly polarized light emerging from the absorptive polar-
izing plate 4 passes through the liquid crystal panel 3 while
holding its polarization state. The linearly polarized light
emerging from the liquid crystal panel 3 passes through the
reflective polarizing plate 2 whose transmission axis is
parallel to the transmission axis of the absorptive polarizing
plate 4. The linearly polarized light emerging from the
reflective polarizing plate 2 passes through the absorptive
polarizing plate 45 and is absorbed by the absorptive polar-
izing plate 4a or members of the liquid crystal panel 20 for
display, such as a color filter layer and black matrix. There
is thus little light that travels back as reflected light to the
front surface side of the switching mirror device 17a.
[0149] Thereby, the image provided by the liquid crystal
panel 20 for display is visible in the transparent mode. In
addition, there is no reflection of external light (light inci-
dent on the absorptive polarizing plate 4 from the front
surface side) by the reflective polarizing plate 2, thereby
avoiding decrease in visibility of the image provided by the
liquid crystal panel 20 for display. In the transparent mode,
the liquid crystal panel 20 for display may be in a non-
display state.

(Mirror Mode)

[0150] The mirror mode is achieved when voltage is
applied (when sufficient voltage is applied so as to cause
birefringence) in the liquid crystal panel 3. This will be
specifically described below.

[0151] The liquid crystal panel 20 for display is in a
non-display state. Here, the liquid crystal panel 20 for
display preferably provides no display entirely or partially.
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Providing no display may be achieved by emitting no
display light from the liquid crystal display device 18 by
providing black display or, turning out or toning down the
backlight 19.

[0152] Meanwhile, light incident on the absorptive polar-
izing plate 4 from the front surface side that vibrates in the
direction parallel to the transmission axis of the absorptive
polarizing plate 4 passes through the absorptive polarizing
plate 4 to be converted into linearly polarized light. The
polarization state of the linearly polarized light emerging
from the absorptive polarizing plate 4 is altered (coloring
mode) by the birefringence effects of the liquid crystal panel
3 as it passes through the liquid crystal panel 3 (with voltage
applied), and the linearly polarized light is converted into
elliptically polarized light. The elliptically polarized light
emerging from the liquid crystal panel 3 that vibrates in the
direction parallel to the transmission axis of the reflective
polarizing plate 2 passes through the reflective polarizing
plate 2 and is absorbed by the absorptive polarizing plate 4a
or members of the liquid crystal panel 20 for display, such
as a color filter layer and black matrix. In contrast, the
elliptically polarized light emerging from the liquid crystal
panel 3 that vibrates in the direction perpendicular to the
transmission axis (parallel to the reflection axis) of the
reflective polarizing plate 2 is reflected by the reflective
polarizing plate 2 as linearly polarized light. The polariza-
tion state of the linearly polarized light reflected by the
reflective polarizing plate 2 is altered by the birefringence
effects of the liquid crystal panel 3 as it passes through the
liquid crystal panel 3, and the linearly polarized light is
converted into elliptically polarized light. The elliptically
polarized light emerging from the liquid crystal panel 3 that
vibrates in the direction parallel to the transmission axis of
the absorptive polarizing plate 4 passes through the absorp-
tive polarizing plate 4 to be emitted as reflected light to the
front surface side. The elliptically polarized light emerging
from the liquid crystal panel 3 that vibrates in the direction
perpendicular to the transmission axis (parallel to the
absorption axis) of the absorptive polarizing plate 4 is
absorbed by the absorptive polarizing plate 4.

[0153] Thereby, a mirror image is visible by reflected light
in the mirror mode. In addition, the liquid crystal panel 3
includes segment electrodes. Voltage application to part(s)
of the pixels (pixel regions PR) thus enables display of
information such as letters and images by reflected light.
Here, variation in polarization state caused by the birefrin-
gence and variations in transmittance and reflectance that
accompany the polarization state variation involve large
wavelength dispersion. The intensity of reflected light thus
changes according to the wavelength. Namely, the reflected
light is colored in the mirror mode. In the pixels with no
voltage applied, an image provided by the liquid crystal
panel 20 for display is visible.

[0154] The following is the description of the case where,
in the switching mirror panel 1a, the transmission axis of the
reflective polarizing plate 2 and the transmission axis of the
absorptive polarizing plate 4 are perpendicular to each other.
In the liquid crystal display device 18, the transmission axis
of the absorptive polarizing plate 4a and the transmission
axis of the absorptive polarizing plate 4b are perpendicular
to each other. The transmission axis of the reflective polar-
izing plate 2 and the transmission axis of the absorptive
polarizing plate 456 are parallel to each other.
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(Transparent Mode)

[0155] The transparent mode is achieved when voltage is
applied (when sufficient voltage is applied so as to cause
birefringence) in the liquid crystal panel 3. This will be
specifically described below.

[0156] When the liquid crystal panel 20 for display pro-
vides an image (display mode), linearly polarized light
emitted from the liquid crystal display device 18 (linearly
polarized light emerging from the absorptive polarizing
plate 4b) passes through the reflective polarizing plate 2
whose transmission axis is parallel to the transmission axis
of the absorptive polarizing plate 4b. The polarization state
of the linearly polarized light emerging from the reflective
polarizing plate 2 is altered by the birefringence effects of
the liquid crystal panel 3 (coloring mode) as it passes
through the liquid crystal panel 3 (with voltage applied), and
the linearly polarized light is converted into elliptically
polarized light. The elliptically polarized light emerging
from the liquid crystal panel 3 that vibrates in the direction
parallel to the transmission axis of the absorptive polarizing
plate 4 passes through the absorptive polarizing plate 4. In
contrast, the elliptically polarized light emerging from the
liquid crystal panel 3 that vibrates in the direction perpen-
dicular to the transmission axis (parallel to the absorption
axis) of the absorptive polarizing plate 4 is absorbed by the
absorptive polarizing plate 4. Thereby, despite the existence
of the switching mirror panel 1a, the image provided by the
liquid crystal panel 20 for display is visible as in the case
without the switching mirror panel 1a.

[0157] Thereby, the image provided by the liquid crystal
panel 20 for display is visible in the transparent mode. Here,
variation in polarization state caused by the birefringence
and variation in transmittance that accompanies the polar-
ization state variation involve large wavelength dispersion.
Light emitted from the liquid crystal display device 18 thus
changes its intensity according to the wavelength. Namely,
the emitted light is colored in the transparent mode. In the
transparent mode, the liquid crystal panel 20 for display may
be in a non-display state.

(Mirror Mode)

[0158] The mirror mode is achieved when no voltage is
applied (when sufficient voltage is not applied so as to
prevent birefringence) in the liquid crystal panel 3. This will
be specifically described below.

[0159] The liquid crystal panel 20 for display is in a
non-display state. Here, the liquid crystal panel 20 for
display preferably provides no display entirely or partially.
Providing no display may be achieved by emitting no
display light from the liquid crystal display device 18 by
providing black display or, turning out or toning down the
backlight 19.

[0160] Light incident on the absorptive polarizing plate 4
from the front surface side that vibrates in the direction
parallel to the transmission axis of the absorptive polarizing
plate 4 passes through the absorptive polarizing plate 4 to be
converted into linearly polarized light. Here, the liquid
crystal panel 3 has zero retardation. The linearly polarized
light emerging from the absorptive polarizing plate 4 thus
passes through the liquid crystal panel 3 (with no voltage
applied) while holding its polarization state (non-coloring
mode). The linearly polarized light emerging from the liquid
crystal panel 3 is reflected by the reflective polarizing plate
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2 whose reflection axis is parallel to the transmission axis of
the absorptive polarizing plate 4. The linearly polarized light
reflected by reflective polarizing plate 2 passes through the
liquid crystal panel 3 and then the absorptive polarizing
plate 4 to be emitted as reflected light to the front surface
side.

[0161] Thereby, a mirror image is visible by reflected light
in the mirror mode. In addition, the liquid crystal panel 3
includes segment electrodes. No voltage application to part
(s) of the pixels (pixel regions PR) enables display of
information such as letters and images by reflected light. In
this case, reflected light is colorless (achromatic). In the
pixels with voltage applied, an image provided by the liquid
crystal panel 20 for display is visible.

Modified Example 1 of Embodiment 1

[0162] FIG. 4 is a schematic cross-sectional view of a
switching mirror device of Modified Example 1 of Embodi-
ment 1. The switching mirror device of Modified Example
1 of Embodiment 1 is the same as the switching mirror
device of Embodiment 1 except that the switching mirror
panel and the liquid crystal display device are bonded
together with a pressure-sensitive adhesive in between.
Duplicate explanations thus will be appropriately omitted.

[0163] A switching mirror device 175 includes, in the
following order from the back surface side to the front
surface side, the liquid crystal display device 18 and the
switching mirror panel 1a. The switching mirror panel la
and the liquid crystal display device 18 are bonded together
with a pressure-sensitive adhesive 22 in between.

[0164] Examples of the pressure-sensitive adhesive 22
include an optically clear adhesive (OCA) sheet.

Modified Example 2 of Embodiment 1

[0165] FIG. 5 is a schematic cross-sectional view of a
switching mirror device of Modified Example 2 of Embodi-
ment 1. The switching mirror device of Modified Example
2 of Embodiment 1 is the same as the switching mirror
device of Embodiment 1 except that the positions of the
array substrate and the counter substrate are swapped. Dupli-
cate explanations thus will be appropriately omitted.

[0166] A switching mirror device 17¢ includes, in the
following order from the back surface side to the front
surface side, the liquid crystal display device 18 and a
switching mirror panel 15. In the switching mirror panel 15,
the liquid crystal panel 3 includes, in the following order
from the back surface side to the front surface side, the
counter substrate 7, the liquid crystal layer 6, and the array
substrate 5.

Embodiment 2

[0167] FIG. 6 is a schematic cross-sectional view of a
switching mirror device of Embodiment 2. The switching
mirror device of Embodiment 2 is the same as the switching
mirror device of Embodiment 1 except that a light absorber
is disposed in place of the liquid crystal display device.
Duplicate explanations thus will be appropriately omitted.

[0168] A switching mirror device 17d includes, in the
following order from the back surface side to the front
surface side, a light absorber 21 and the switching mirror
panel la. The switching mirror panel la and the light
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absorber 21 may be disposed with an air layer placed in
between or may be bonded together with a pressure-sensi-
tive adhesive in between.

[0169] Examples of the light absorber 21 include a black
component (e.g., plastic plate, acrylic plate), an orange
component (e.g., plastic plate, acrylic plate), a poster, and a
photograph. The term “light absorber” herein indicates a
component whose light absorption rate is 30% or greater.
The light absorber 21 is preferably a non-self-luminous
body. The term “non-self-luminous body” herein indicates a
body that does not emit light itself, which is different from
a body that emits light itself such as a display device (e.g.,
liquid crystal display device, organic electroluminescence
display device).

[0170] When the switching mirror panel la is in the
transparent mode, the light absorber 21 is visible. Using a
black plastic plate as the light absorber 21 provides black
display.

[0171] When the switching mirror panel 1a is in the mirror
mode, a mirror image is visible by reflected light. In addi-
tion, the liquid crystal panel 3 includes segment electrodes.
Driving part(s) of the pixels (pixel regions PR) in the mirror
mode enables displaying information such as letters and
images by reflected light. In contrast, in the pixels not in the
mirror mode, i.e., in the pixels in the transparent mode, the
light absorber 21 is visible.

[0172] As described above, variation in voltage applied to
the liquid crystal panel 3 of the switching mirror panel 1a
enables switching between the state of displaying the light
absorber 21 (e.g., black display state) and the mirror state. In
addition, if the liquid crystal panel 3 is a birefringence mode
liquid crystal panel (e.g., VA-ECB-mode liquid crystal
panel), adjusting the voltage applied to the liquid crystal
panel 3 enables varying the color of reflected light in the
mirror mode (in the case where the transmission axis of the
reflective polarizing plate 2 and the transmission axis of the
absorptive polarizing plate 4 are parallel to each other) and
varying the color of transmitted light in the transparent mode
(in the case where the transmission axis of the reflective
polarizing plate 2 and the transmission axis of the absorptive
polarizing plate 4 are perpendicular to each other).

Embodiment 3

[0173] FIG. 7 is a schematic cross-sectional view of a
switching mirror device of Embodiment 3. The switching
mirror device of Embodiment 3 is the same as the switching
mirror device of Embodiment 2 except that a liquid crystal
display device is disposed on the back surface side of the
light absorber. Duplicate explanations thus will be appro-
priately omitted.

[0174] A switching mirror device 17¢ includes, in the
following order from the back surface side to the front
surface side, the liquid crystal display device 18, the light
absorber 21, and the switching mirror panel 1a. The light
absorber 21 and the liquid crystal display device 18 may be
disposed with an air layer placed in between or may be
bonded together with a pressure-sensitive adhesive in
between.

[0175] The liquid crystal display device 18 includes, in the
following order from the back surface side to the front
surface side, the absorptive polarizing plate 45, the liquid
crystal panel 20 for display, the absorptive polarizing plate
4a, and the backlight 19. The absorptive polarizing plate 4a
may be bonded to the front surface side of the liquid crystal
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panel 20 for display with a pressure-sensitive adhesive or the
like. The absorptive polarizing plate 46 may be bonded to
the back surface side of the liquid crystal panel 20 for
display with a pressure-sensitive adhesive or the like. In the
present embodiment, the liquid crystal display device 18 is
viewed from the back surface side (the absorptive polarizing
plate 45 side). In other words, the liquid crystal display
device 18 has a display surface on the opposite side of the
light absorber 21. The present embodiment assumes that the
combination of the switching mirror panel 1a and the light
absorber 21 is used as a cover for covering the liquid crystal
display device 18 (e.g., a smartphone, a tablet terminal) on
the opposite side of the display surface.

[0176] When the switching mirror panel la is in the
transparent mode, the light absorber 21 is visible. Using a
black plastic plate as the light absorber 21 provides black
display.

[0177] When the switching mirror panel 1a is in the mirror
mode, a mirror image is visible by reflected light. In addi-
tion, the liquid crystal panel 3 includes segment electrodes.
Driving part(s) of the pixels (pixel regions PR) in the mirror
mode enables displaying information such as letters and
images by reflected light. In contrast, in the pixels not in the
mirror mode, i.e., in the pixels in the transparent mode, the
light absorber 21 is visible.

[0178] As described above, variation in voltage applied to
the liquid crystal panel 3 of the switching mirror panel 1a
enables the cover of the liquid crystal display device 18 to
switch between the state of displaying the light absorber 21
(e.g., black display state) and the mirror state. In addition, if
the liquid crystal panel 3 is a birefringence mode liquid
crystal panel (e.g., VA-ECB-mode liquid crystal panel),
adjusting the voltage applied to the liquid crystal panel 3
enables varying the color of reflected light in the mirror
mode (in the case where the transmission axis of the
reflective polarizing plate 2 and the transmission axis of the
absorptive polarizing plate 4 are parallel to each other) and
varying the color of transmitted light in the transparent mode
(in the case where the transmission axis of the reflective
polarizing plate 2 and the transmission axis of the absorptive
polarizing plate 4 are perpendicular to each other).

Embodiment 4

[0179] FIG. 8 is a schematic cross-sectional view of a
switching mirror device of Embodiment 4. The switching
mirror device of Embodiment 4 is the same as the switching
mirror device of Embodiment 1 except that the array sub-
strate in the liquid crystal panel of the switching mirror panel
has a different configuration. Duplicate explanations thus
will be appropriately omitted.

[0180] A switching mirror device 17f includes, in the
following order from the back surface side to the front
surface side, the liquid crystal display device 18 and a
switching mirror panel 1c. The switching mirror panel 1¢
and the liquid crystal display device 18 are bonded together
with the pressure-sensitive adhesive 22 in between. The
switching mirror panel 1c¢ and the liquid crystal display
device 18 may be disposed with an air layer in between.
[0181] The switching mirror panel 1c¢ includes, in the
following order from the back surface side to the front
surface side, the reflective polarizing plate 2, a liquid crystal
panel 3a, and the absorptive polarizing plate 4.

[0182] The liquid crystal panel 3a includes an array sub-
strate 5a, the counter substrate 7 facing the array substrate
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5a, and the liquid crystal layer 6 disposed between the
substrates. The array substrate 5a¢ and the counter substrate
7 are bonded together via a sealing material (not illustrated),
with the liquid crystal layer 6 interposed between the
substrates Sa and 7.

[0183] The array substrate 5a includes the transparent
substrate 8a, the transparent conductive lines 9 disposed on
the surface of the transparent substrate 8¢ on the liquid
crystal layer 6 side, the transparent insulating film 10
covering the transparent conductive lines 9, transparent
conductive lines 9a disposed on the surface of the transpar-
ent insulating film 10 on the liquid crystal layer 6 side, a
transparent insulating film 10a covering the transparent
conductive lines 9a, and the pixel electrode 11 disposed on
the surface of the transparent insulating film 10a on the
liquid crystal layer 6 side. The transparent conductive lines
9 and the transparent conductive lines 9a are superimposed
on the pixel electrode 11. The transparent conductive lines 9
and the transparent conductive lines 9a are disposed at an
equal pitch (the distance between two adjacent transparent
conductive lines (the distance in the direction crossing the
transparent conductive lines); slit width) with the transparent
insulating film 10 disposed in between, and are not super-
imposed on each other. The pixel electrode 11 is electrically
connected to at least one of the transparent conductive lines
9 (only one line in FIG. 8) at the contact part 12 through an
aperture formed in the transparent insulating film 10 and the
transparent insulating film 10q.

[0184] The transparent conductive lines 9¢ may be made
of ITO, 1Z0, or ZnO, for example, as in the material for the
transparent conductive lines 9.

[0185] The transparent insulating film 10a may be an
organic insulating film or a nitride film as in the material for
the transparent insulating film 10.

[0186] The following is an exemplary production method
of the array substrate 5a.

(1) Formation of Transparent Conductive Lines

[0187] First, a transparent conductive material (e.g., [TO)
is applied to the transparent substrate 8a by the sputtering
method to form a transparent conductive film. Next, a resist
is applied to the transparent conductive film and is sequen-
tially exposed, baked, and developed (photolithography
method) to form a resist pattern. The transparent conductive
film is etched through the resist pattern, followed by strip-
ping of the resist pattern, to provide patterning on the
transparent conductive film. The patterned transparent con-
ductive film is then baked to form transparent conductive
lines 9.

(2) Formation of Transparent Insulating Film

[0188] The transparent conductive lines 9 are covered with
a transparent insulating material (e.g., organic insulating
film). The transparent insulating material applied thereto is
sequentially exposed, developed, and baked to form the
transparent insulating film 10 in which an aperture is
formed.

(3) Formation of Additional Transparent Conductive Lines

[0189] A transparent conductive material (e.g., ITO) is
applied to the transparent insulating film 10 by the sputtering
method to form a transparent conductive film. Next, a resist
is applied to the transparent conductive film and is sequen-
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tially exposed, baked, and developed (photolithography
method) to form a resist pattern. The transparent conductive
film is etched through the resist pattern, followed by strip-
ping of the resist pattern, to provide patterning on the
transparent conductive film. The patterned transparent con-
ductive film is then baked to form additional transparent
conductive lines 9a are formed.

(4) Formation of Additional Transparent Insulating Film

[0190] The additional transparent conductive lines 9a are
covered with a transparent insulating material (e.g., organic
insulating film). The transparent insulating material applied
thereto is sequentially exposed, developed, and baked to
form an additional transparent insulating film 10a in which
an aperture is formed at the same position as that of the
transparent insulating film 10.

(5) Formation of Pixel Electrodes

[0191] A transparent conductive material (e.g., ITO) is
applied to the additional transparent insulating film 10a by
the sputtering method to form a transparent conductive film.
Next, a resist is applied to the transparent conductive film
and is sequentially exposed, baked, and developed (photo-
lithography method) to form a resist pattern. The transparent
conductive film is etched through the resist pattern, followed
by stripping of the resist pattern, to provide patterning on the
transparent conductive film. The patterned transparent con-
ductive film is then baked to form the pixel electrodes 11.
Through the above steps, the array substrate Sa is obtained.
[0192] In the switching mirror device of Embodiment 1,
the liquid crystal panel of the switching mirror panel and the
liquid crystal panel for display of the liquid crystal display
device are stacked as described above. The present inventors
found through studies that this configuration may cause
moiré appearance in the transparent mode (e.g., when an
image is provided by the liquid crystal panel for display).
The present inventors investigated the reason of moiré
appearance to find the following. That is, some patterns
formed by the transparent conductive lines (slit patterns
formed by the transparent conductive lines) disposed on the
array substrate of a liquid crystal panel may interfere with
the configuration pattern of pixels (e.g., arrangement pattern
of a color filter layer and black matrix) of the liquid crystal
panel for display to cause moiré appearance. Moiré is a
phenomenon in which superposing two striped patterns with
different periods or superposing (crossing) two striped pat-
terns with the same period with an angle causes another
striped pattern with a period different from that (those) of the
two striped patterns.

[0193] The present inventors variously studied a method
for preventing moiré appearance to find that inserting a light
diffusion layer such as a light diffusion sheet or a light
diffusion paste between the switching mirror panel and the
liquid crystal display device achieves prevention of moiré
appearance. The present inventors, however, further studied
to find that such a configuration blurs a displayed image of
the liquid crystal panel for display due to light scattering
effects caused by the light diffusion layer. The present
inventors also found that such blurring of a displayed image
occurs more remarkably in a liquid crystal panel for display
with higher definition.

[0194] Meanwhile, in the present embodiment, the trans-
parent conductive lines 9 and the transparent conductive
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lines 9a, having the transparent insulating film 10 in
between, are disposed at an equal pitch (the distance
between two adjacent transparent conductive lines; slit
width) and are not superimposed on each other. Accordingly,
the switching mirror panel 1c¢ in a planar view can be
recognized as if no slits existed between the transparent
conductive lines, thereby sufficiently preventing moiré
appearance as described above. In addition, the transparent
conductive lines 9 and the transparent conductive lines 9a
are disposed in two layers in the present embodiment. This
configuration increases the number of the pixel electrodes 11
that can drive, imparting high resolution to the liquid crystal
panel 3a.

[0195] The present invention is described below in more
detail based on examples and comparative examples. The
examples, however, are not intended to limit the scope of the
present invention.

Example 1

[0196] A switching mirror device of Embodiment 1 was
produced. The components of the switching mirror device of
Example 1 were as follows. The directions of transmission
axes, reflection axes, and absorption axes, rubbing direc-
tions, and alignment directions are each defined to be
positive (+) in the clockwise direction from the reference
line (0°) which is the longitudinal direction (long side) of the
switching mirror device.

(Switching Mirror Panel 1a)

[0197] The switching mirror panel la was formed by
bonding the reflective polarizing plate 2 to the back surface
side of the liquid crystal panel 3 and bonding the absorptive
polarizing plate 4 to the front surface side of the liquid
crystal panel 3. The components of the switching mirror
panel 1a were as follows.

(Reflective Polarizing Plate 2)

[0198] Reflective polarizing plate (trade name: DBEF)
available from 3M Japan Limited

[0199] Direction of the transmission axis: 0°

[0200] Direction of the reflection axis: 90°

(Liquid Crystal Panel 3)

[0201] A TN-mode liquid crystal panel produced as fol-
lows was used. First, the array substrate 5 and the counter
substrate 7 were washed and a horizontal alignment film was
formed on each substrate. The horizontal alignment film
formed thereon was prebaked and then post-baked. The
post-baked horizontal alignment films were subjected to
rubbing treatment such that the rubbing directions of the
array substrate 5 and the counter substrate 7 were perpen-
dicular to each other (rubbing direction of the array substrate
5: 0°, rubbing direction of the counter substrate 7: 90°) when
the two substrates were bonded together. The array substrate
5 and the counter substrate 7 were then washed. Plastic bead
spacers (diameter: 3 pm) were scattered on the array sub-
strate 5, and a sealing material was applied to the counter
substrate 7 by a seal printing method. The array substrate 5
and the counter substrate 7 were bonded together and then
baked. Next, a liquid crystal material (refractive index
anisotropy An: 0.14, anisotropy of dielectric constant Ag: 9)
was injected between the array substrate 5 and the counter
substrate 7, followed by sealing, to form the liquid crystal
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layer 6 (thickness d: 3 um). The liquid crystal layer 6 was
then subjected to realignment treatment. As a result, the
liquid crystal panel 3 (TN-mode liquid crystal panel) was
obtained. The array substrate 5 of the liquid crystal panel 3
was connected to the integrated circuit 14 (COG driver) and
the flexible printed circuit board 15.

(Array Substrate 5)

[0202] The array substrate 5 was formed as follows.

(1) Formation of Transparent Conductive Lines

[0203] First, a transparent conductive material (ITO) was
applied to the transparent substrate 8a (glass substrate) by
the sputtering method to form a transparent conductive film.
Next, a resist was applied to the transparent conductive film
and was sequentially exposed, baked, and developed (pho-
tolithography method) to form a resist pattern. The trans-
parent conductive film was etched through the resist pattern,
followed by stripping of the resist pattern, to provide pat-
terning on the transparent conductive film. The patterned
transparent conductive film was then baked to form trans-
parent conductive lines 9.

(2) Formation of Transparent Insulating Film

[0204] The transparent conductive lines 9 were covered
with a transparent insulating material (organic insulating
film). The transparent insulating material applied thereto
was sequentially exposed, developed, and baked to form the
transparent insulating film 10 in which apertures were
formed.

(3) Formation of Pixel Electrodes

[0205] A transparent conductive material (ITO) was
applied to the transparent insulating film 10 by the sputtering
method to form a transparent conductive film. Next, a resist
was applied to the transparent conductive film and was
sequentially exposed, baked, and developed (photolithogra-
phy method) to form a resist pattern. The transparent con-
ductive film was etched through the resist pattern, followed
by stripping of the resist pattern, to provide patterning on the
transparent conductive film. The patterned transparent con-
ductive film was then baked to form the pixel electrodes 11.
Through the above steps, the array substrate 5 was obtained.

(Counter Substrate 7)

[0206] The counter substrate 7 was formed as follows.
First, a transparent conductive material (ITO) was applied to
the transparent substrate 85 (glass substrate) by the sputter-
ing method to form a transparent conductive film. Next, a
resist was applied to the transparent conductive film and was
sequentially exposed, baked, and developed (photolithogra-
phy method) to form a resist pattern. The transparent con-
ductive film was etched through the resist pattern, followed
by stripping of the resist pattern, to provide patterning on the
transparent conductive film. The patterned transparent con-
ductive film then baked to form the common electrode 13.
Through the above steps, the counter substrate 7 was
obtained.

(Absorptive Polarizing Plate 4)

[0207] A polarizer formed by aligning an iodine complex
on a PVA film by adsorption
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[0208] Direction of the transmission axis: 90°
[0209] Direction of the absorption axis: 0°
[0210] Main transmittance k1: 84%

(Liquid Crystal Display Device 18)

[0211] The liquid crystal display device 18 included, in the
following order from the back surface side to the front
surface side, the backlight 19, the absorptive polarizing plate
4a, the liquid crystal panel 20 for display, and the absorptive
polarizing plate 45. The absorptive polarizing plate 4a, the
liquid crystal panel 20 for display, and the absorptive
polarizing plate 4b were as follows.

(Absorptive Polarizing Plate 4a)

[0212] A polarizer formed by aligning an iodine complex
on a PVA film by adsorption

[0213] Direction of the transmission axis: 90°
[0214] Direction of the absorption axis: 0°
[0215] Main transmittance k1: 84%

(Liquid Crystal Panel 20 for Display)

[0216] MVA-mode liquid crystal panel

[0217] Alignment directions (the directions in which lig-
uid crystal molecules are tilted when voltage is applied):
45°, —-45°

(Absorptive Polarizing Plate 45)

[0218] A polarizer formed by aligning an iodine complex
on a PVA film by adsorption

[0219] Direction of the transmission axis: 0°

[0220] Direction of the absorption axis: 90°

[0221] Main transmittance k1: 84%

[0222] The switching mirror panel la and the liquid

crystal display device 18 obtained above were housed in a
case and were each connected to a drive circuit (e.g., the
drive circuit 16), whereby the switching mirror device 17a
was produced.

Example 2

[0223] A switching mirror device was produced in the
same manner as in Example 1 except that the liquid crystal
panel 3 and the absorptive polarizing plate 4 were changed
as follows.

(Liquid Crystal Panel 3)

[0224] A VA-ECB-mode liquid crystal panel produced as
follows was used. First, the array substrate 5 and the counter
substrate 7 were washed and a vertical alignment film was
formed on each substrate. The vertical alignment film
formed thereon was prebaked and then post-baked. The
post-baked vertical alignment films were subjected to rub-
bing treatment such that the rubbing directions of the array
substrate 5 and the counter substrate 7 were anti-parallel to
each other (rubbing direction of the array substrate 5: 225°,
rubbing direction of the counter substrate 7: 45°) when the
two substrates were bonded together. The array substrate 5
and the counter substrate 7 were then washed. Plastic bead
spacers (diameter: 7 pm) were scattered on the array sub-
strate 5, and a sealing material was applied to the counter
substrate 7 by a seal printing method. The array substrate 5
and the counter substrate 7 were bonded together and then
baked. Next, a liquid crystal material (refractive index
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anisotropy An: 0.2, anisotropy of dielectric constant Ag: -3)
was injected between the array substrate 5 and the counter
substrate 7, followed by sealing, to form the liquid crystal
layer 6 (thickness d: 7 um). The liquid crystal layer 6 was
subjected to realignment treatment. As a result, the liquid
crystal panel 3 (VA-ECB-mode liquid crystal panel) was
obtained. The array substrate 5 of the liquid crystal panel 3
was connected to the integrated circuit 14 (COG driver) and
the flexible printed circuit board 15. The liquid crystal panel
3 had a liquid crystal retardation (And) of 1400 nm when
measured with light having a wavelength of 550 nm.

(Absorptive Polarizing Plate 4)

[0225] A polarizer formed by aligning an iodine complex
on a PVA film by adsorption

[0226] Direction of the transmission axis: 0°
[0227] Direction of the absorption axis: 90°
[0228] Main transmittance k1: 84%
Example 3
[0229] The switching mirror device of Modified Example

1 of Embodiment 1 was produced. Specifically, the switch-
ing mirror device was produced in the same manner as in
Example 2 except that the liquid crystal panel 3, the absorp-
tive polarizing plate 4, and the liquid crystal panel 20 for
display were changed as follows and the switching mirror
panel 1a and the liquid crystal display device 18 were
bonded with the pressure-sensitive adhesive 22 in between.

(Liquid Crystal Panel 3)

[0230]
[0231]

Diameter of plastic bead spacers: 6 um
Liquid crystal retardation: 1200 nm
(Absorptive Polarizing Plate 4)

[0232] A polarizer formed by aligning an iodine complex
on a PVA film by adsorption

[0233] Direction of the transmission axis: 0°
[0234] Direction of the absorption axis: 90°
[0235] Main transmittance k1: 89%

(Liquid Crystal Panel 20 for Display)

[0236]

[0237] Rubbing direction of the substrate on the back
surface side: 270°

[0238] Rubbing direction of the substrate on the front
surface side: 90°

A FFS-mode liquid crystal panel

(Pressure-Sensitive Adhesive 22)

[0239] Optically clear adhesive sheet (trade name: PD-S1)
available from Panac Co., Ltd.

Example 4

[0240] A switching mirror device was produced in the
same manner as in Example 3 except that the anisotropy of
dielectric constant Ae of the liquid crystal material in the
liquid crystal panel 3 was changed to -5.
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Example 5

[0241] A switching mirror device was produced in the
same manner as in Example 4 except that the main trans-
mittance k1 of the absorptive polarizing plate 45 was
changed to 89%.

Example 6

[0242] The switching mirror device of Modified Example
2 of Embodiment 1 was produced. Specifically, the switch-
ing mirror device was produced in the same manner as in
Example 2 except that the positions of the array substrate 5
and the counter substrate 7 were swapped. The rubbing
direction of the array substrate 5 was 45° and the rubbing
direction of the counter substrate 7 was 225°.

Example 7

[0243] The switching mirror panel of Embodiment 1 was
produced. Specifically, the switching mirror panel was pro-
duced in the same manner as in Example 4 except that the
liquid crystal display device 18 was not disposed (was not
bonded to the switching mirror panel 1a with the pressure-
sensitive adhesive 22 in between).

Example 8

[0244] The switching mirror device of Embodiment 2 was
produced. Specifically, the switching mirror device was
produced in the same manner as in Example 4 except that the
liquid crystal display device 18 was not disposed (was not
bonded to the switching mirror panel 1a with the pressure-
sensitive adhesive 22 in between) and the light absorber 21
was disposed on the back surface side of the switching
mirror panel 1a. A black plastic plate was employed for the
light absorber 21.

Example 9

[0245] The switching mirror device of Embodiment 3 was
produced. Specifically, the switching mirror device was
produced in the same manner as in Example 1 except that the
light absorber 21 was disposed between the switching mirror
panel 1a and the liquid crystal display device 18, and the
liquid crystal display device 18 was placed with the display
surface (the absorptive polarizing plate 456 side) being ori-
ented in the direction opposite to the light absorber 21. A
black plastic plate was employed for the light absorber 21.

Example 10

[0246] The switching mirror device of Embodiment 4 was
produced. Specifically, the switching mirror device was
produced in the same manner as in Example 4 except that the
array substrate 5 was modified into an array substrate 5a as
described below.

(Array Substrate 5a)

[0247] The array substrate Sa was formed as follows.

(1) Formation of Transparent Conductive Lines

[0248] First, a transparent conductive material (ITO) was
applied to the transparent substrate 8a (glass substrate) by
the sputtering method to form a transparent conductive film.
Next, a resist was applied to the transparent conductive film
and was sequentially exposed, baked, and developed (pho-
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tolithography method) to form a resist pattern. The trans-
parent conductive film was etched through the resist pattern,
followed by stripping of the resist pattern, to provide pat-
terning on the transparent conductive film. The patterned
transparent conductive film then baked to form transparent
conductive lines 9.

(2) Formation of Transparent Insulating Film

[0249] The transparent conductive lines 9 were covered
with a transparent insulating material (organic insulating
film). The transparent insulating material applied thereto
was sequentially exposed, developed, and baked to form the
transparent insulating film 10 in which apertures were
formed.

(3) Formation of Additional Transparent Conductive Lines

[0250] A transparent conductive material (ITO) was
applied to the transparent insulating film 10 by the sputtering
method to form a transparent conductive film. Next, a resist
was applied to the transparent conductive film and was
sequentially exposed, baked, and developed (photolithogra-
phy method) to form a resist pattern. The transparent con-
ductive film was etched through the resist pattern, followed
by stripping of the resist pattern, to provide patterning on the
transparent conductive film. The patterned transparent con-
ductive film then baked to form additional transparent
conductive lines 9a.

(4) Formation of Additional Transparent Insulating Film

[0251] The additional transparent conductive lines 9a
were covered with a transparent insulating material (organic
insulating film). The transparent insulating material applied
thereto was sequentially exposed, developed, and baked to
form an additional transparent insulating film 10a in which
apertures were formed at the same positions as those of the
transparent insulating film 10.

(5) Formation of Pixel Electrodes

[0252] A transparent conductive material (ITO) was
applied to the additional transparent insulating film 10a by
the sputtering method to form a transparent conductive film.
Next, a resist was applied to the transparent conductive film
and was sequentially exposed, baked, and developed (pho-
tolithography method) to form a resist pattern. The trans-
parent conductive film was etched through the resist pattern,
followed by stripping of the resist pattern, to provide pat-
terning on the transparent conductive film. The patterned
transparent conductive film then baked to form the pixel
electrodes 11. Through the above steps, the array substrate
5a was obtained.

Example 11

[0253] A switching mirror device was produced in the
same manner as in Example 10 except that the material of
the organic insulating film 10 was changed to a silicon
nitride (SiN) film.

(Array Substrate 5a)

[0254] The array substrate 5a was formed as follows.

(1) Formation of Transparent Conductive Lines

[0255] First, a transparent conductive material (ITO) was
applied to the transparent substrate 8a (glass substrate) by
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the sputtering method to form a transparent conductive film.
Next, a resist was applied to the transparent conductive film
and was sequentially exposed, baked, and developed (pho-
tolithography method) to form a resist pattern. The trans-
parent conductive film was etched through the resist pattern,
followed by stripping of the resist pattern, to provide pat-
terning on the transparent conductive film. The patterned
transparent conductive film then baked to form transparent
conductive lines 9.

(2) Formation of Transparent Insulating Film

[0256] The transparent conductive lines 9 were covered
with a film of a transparent insulating material (SiN film) to
form the transparent insulating film 10 (an aperture was not
formed at this point) by the plasma CVD method.

(3) Formation of Additional Transparent Conductive Lines

[0257] A transparent conductive material (ITO) was
applied to the transparent insulating film 10 by the sputtering
method to form a transparent conductive film. Next, a resist
was applied to the transparent conductive film and was
sequentially exposed, baked, and developed (photolithogra-
phy method) to form a resist pattern. The transparent con-
ductive film and the transparent insulating film 10 were
etched through the resist pattern, followed by stripping of
the resist pattern, to provide patterning on the transparent
conductive film, and an aperture was formed in the trans-
parent insulating film 10. The patterned transparent conduc-
tive film then baked to form additional transparent conduc-
tive lines 9a.

(4) Formation of Additional Transparent Insulating Film

[0258] The additional transparent conductive lines 9a
were covered with a transparent insulating material (organic
insulating film). The transparent insulating material applied
thereto was sequentially exposed, developed, and baked to
form an additional transparent insulating film 10a in which
apertures were formed at the same positions as those of the
transparent insulating film 10.

(5) Formation of Pixel Electrodes

[0259] A transparent conductive material (ITO) was
applied to the additional transparent insulating film 10a by
the sputtering method to form a transparent conductive film.
Next, a resist was applied to the transparent conductive film
and was sequentially exposed, baked, and developed (pho-
tolithography method) to form a resist pattern. The trans-
parent conductive film was etched through the resist pattern,
followed by stripping of the resist pattern, to provide pat-
terning on the transparent conductive film. The patterned
transparent conductive film was then baked to form the pixel
electrodes 11. Through the above steps, the array substrate
5a was obtained.

Comparative Example 1

[0260] FIG. 9 is a schematic cross-sectional view of a
switching mirror device of Comparative Example 1. As
shown in FIG. 9, a switching mirror device 1174 includes,
in the following order from the back surface side to the front
surface side, a liquid crystal display device 118 and a
switching mirror panel 101a.
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[0261] The switching mirror panel 101a includes, in the
following order from the back surface side to the front
surface side, a reflective polarizing plate 102, a liquid crystal
panel 1034, and an absorptive polarizing plate 104.

[0262] The liquid crystal panel 103a includes, in the
following order from the back surface side to the front
surface side, an array substrate 105a, a liquid crystal layer
106, and a counter substrate 107.

[0263] The array substrate 105a includes a transparent
substrate 108a and a pixel electrode 111 disposed on the
surface of the transparent substrate 1084 on the liquid crystal
layer 106 side. The pixel electrode 111 is a planar (solid)
electrode.

[0264] The counter substrate 107 includes a transparent
substrate 1085 and a common electrode 113 disposed on the
surface of the transparent substrate 1085 on the liquid crystal
layer 106 side. The common electrode 113 is a planar (solid)
electrode.

[0265] The liquid crystal display device 118 includes, in
the following order from the back surface side to the front
surface side, a backlight 119, an absorptive polarizing plate
104a, a liquid crystal panel 120 for display, and an absorp-
tive polarizing plate 1045.

[0266] The components of the switching mirror device of
Comparative Example 1 were as follows. The directions of
transmission axes, reflection axes, and absorption axes,
rubbing directions, and alignment directions are each
defined to be positive (+) in the clockwise direction from the
reference line (0°) which is the longitudinal direction (long
side) of the switching mirror device.

(Switching Mirror Panel 101a)

[0267] The switching mirror panel 101a¢ was formed by
bonding the reflective polarizing plate 102 to the back
surface side of the liquid crystal panel 1034 and bonding the
absorptive polarizing plate 104 to the front surface side of
the liquid crystal panel 103a. The components of the switch-
ing mirror panel 101a were as follows.

(Reflective Polarizing Plate 102)

[0268] Reflective polarizing plate (trade name: DBEF)
available from 3M Japan Limited

[0269] Direction of the transmission axis: 0°

[0270] Direction of the reflection axis: 90°

(Liquid Crystal Panel 103a)

[0271] A TN-mode liquid crystal panel produced as fol-
lows was used. First, the array substrate 1054 and the
counter substrate 107 were washed and a horizontal align-
ment film was formed on each substrate. The horizontal
alignment film formed thereon was prebaked and then
post-baked. The post-baked horizontal alignment films were
subjected to rubbing treatment such that the rubbing direc-
tions of the array substrate 1054 and the counter substrate
107 were perpendicular to each other (rubbing direction of
the array substrate 1054. 0°, rubbing direction of the counter
substrate 107: 90°) when the two substrates were bonded
together. The array substrate 105a and the counter substrate
107 were then washed. Plastic bead spacers (diameter: 3 pm)
were scattered on the array substrate 105a, and a sealing
material was applied to the counter substrate 107 by a seal
printing method. The array substrate 105a and the counter
substrate 107 were bonded together and then baked. Next, a
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liquid crystal material (refractive index anisotropy An: 0.14,
anisotropy of dielectric constant Ag: 9) was injected between
the array substrate 105¢ and the counter substrate 107,
followed by sealing, to form the liquid crystal layer 106
(thickness d: 3 um). The liquid crystal layer 106 was
subjected to realignment treatment. As a result, the liquid
crystal panel 103a¢ (TN-mode liquid crystal panel) was
obtained.

(Array Substrate 105q)

[0272] The array substrate 105a was formed as follows. A
transparent conductive material (ITO) was applied to the
transparent substrate 108a (glass substrate) by the sputtering
method to form a transparent conductive film. Next, a resist
was applied to the transparent conductive film and was
sequentially exposed, baked, and developed (photolithogra-
phy method) to form a resist pattern. The transparent con-
ductive film was etched through the resist pattern, followed
by stripping of the resist pattern, to provide patterning on the
transparent conductive film. The patterned transparent con-
ductive film then baked to form the pixel electrodes 111.
Through the above steps, the array substrate 105a was
obtained.

(Counter Substrate 107)

[0273] The counter substrate 107 was formed as follows.
First, a transparent conductive material (ITO) was applied to
the transparent substrate 1085 (glass substrate) by the sput-
tering method to form a transparent conductive film. Next,
a resist was applied to the transparent conductive film and
was sequentially exposed, baked, and developed (photoli-
thography method) to form a resist pattern. The transparent
conductive film was etched through the resist pattern, fol-
lowed by stripping of the resist pattern, to provide patterning
on the transparent conductive film. The patterned transpar-
ent conductive film was then baked to form the common
electrode 113. Through the above steps, the counter sub-
strate 107 was obtained.

(Absorptive Polarizing Plate 104)

[0274] A polarizer formed by aligning an iodine complex
on a PVA film by adsorption

[0275] Direction of the transmission axis: 90°
[0276] Direction of the absorption axis: 0°
[0277] Main transmittance k1: 84%

(Liquid Crystal Display Device 118)

[0278] The liquid crystal display device 118 included, in
the following order from the back surface side to the front
surface side, the backlight 119, the absorptive polarizing
plate 1044, the liquid crystal panel 120 for display, and the
absorptive polarizing plate 1045. The absorptive polarizing
plate 1044, the liquid crystal panel 120 for display, and the
absorptive polarizing plate 1045 were as follows.

(Absorptive Polarizing Plate 104a)

[0279] A polarizer formed by aligning an iodine complex
on a PVA film by adsorption

[0280] Direction of the transmission axis: 90°
[0281] Direction of the absorption axis: 0°
[0282] Main transmittance k1: 84%
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(Liquid Crystal Panel 120 for Display)

[0283] MVA-mode liquid crystal panel

[0284] Alignment directions (the directions in which lig-
uid crystal molecules are tilted when voltage is applied):
45°, —45°

(Absorptive Polarizing Plate 1045)

[0285] A polarizer formed by aligning an iodine complex
on a PVA film by adsorption

[0286] Direction of the transmission axis: 0°

[0287] Direction of the absorption axis: 90°

[0288] Main transmittance k1: 84%

[0289] The switching mirror panel 101a and the liquid

crystal display device 118 obtained above were housed in a
case and were each connected to a drive circuit, whereby the
switching mirror device 117a was obtained.

Comparative Example 2

[0290] A switching mirror device was produced in the
same manner as in Comparative Example 1 except that the
liquid crystal panel 103a and the absorptive polarizing plate
104 were changed as follows.

(Liquid Crystal Panel 103a)

[0291] A VA-ECB-mode liquid crystal panel produced as
follows was used. First, the array substrate 1054 and the
counter substrate 107 were washed and a vertical alignment
film was formed on each substrate. The vertical alignment
film formed thereon was prebaked and then post-baked. The
post-baked vertical alignment films were subjected to rub-
bing treatment such that the rubbing directions of the array
substrate 1054 and the counter substrate 107 were anti-
parallel to each other (rubbing direction of the array sub-
strate 105a- 225°, rubbing direction of the counter substrate
107: 45°) when the two substrates were bonded together.
The array substrate 105a and the counter substrate 107 were
then washed. Plastic bead spacers (diameter: 7 pm) were
scattered on the array substrate 105q, and a sealing material
was applied to the counter substrate 107 by a seal printing
method. The array substrate 105a and the counter substrate
107 were bonded together and then baked. Next, a liquid
crystal material (refractive index anisotropy An: 0.2, anisot-
ropy of dielectric constant Ae: —3) was injected between the
array substrate 105a and the counter substrate 107, followed
by sealing, to form the liquid crystal layer 106 (thickness d:
7 um). The liquid crystal layer 106 was subjected to realign-
ment treatment. As a result, the liquid crystal panel 103«
(VA-ECB-mode liquid crystal panel) was obtained. The
liquid crystal panel 1034 had a liquid crystal retardation
(And) of 1400 nm when measured with light having a
wavelength of 550 nm.

(Absorptive Polarizing Plate 104)

[0292] A polarizer formed by aligning an iodine complex
on a PVA film by adsorption

[0293] Direction of the transmission axis: 0°
[0294] Direction of the absorption axis: 90°
[0295] Main transmittance k1: 84%
Comparative Example 3
[0296] FIG. 10 is a schematic cross-sectional view of a

switching mirror device of Comparative Example 3. A
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switching mirror device was produced in the same manner
as in Comparative Example 2 except that the configuration
of the array substrate was changed.

[0297] A switching mirror device 1175 includes, in the
following order from the back surface side to the front
surface side, the liquid crystal display device 118 and a
switching mirror panel 1015.

[0298] The switching mirror panel 1015 includes, in the
following order from the back surface side to the front
surface side, the reflective polarizing plate 102, a liquid
crystal panel 1035, and the absorptive polarizing plate 104.
[0299] The liquid crystal panel 1035 includes, in the
following order from the back surface side to the front
surface side, an array substrate 1055, the liquid crystal layer
106, and the counter substrate 107.

[0300] The array substrate 1055 includes the transparent
substrate 108qa, a transparent conductive line 109 disposed
on the surface of the transparent substrate 1084 on the liquid
crystal layer 106 side, a transparent insulating film 110
covering the transparent conductive line 109, and the pixel
electrode 111 disposed on the surface of the transparent
insulating film 110 on the liquid crystal layer 106 side. The
transparent conductive line 109 is superimposed on the pixel
electrode 111. The pixel electrode 111 is electrically con-
nected to the transparent conductive line 109 at a contact
part 112 through an aperture formed in the transparent
insulating film 110.

[0301] FIG. 11 is a schematic plan view of an array
substrate in FIG. 10. FIG. 11 shows an entire view of the
array substrate. The cross-sectional view taken along the a-a'
line in FIG. 11 corresponds to the cross-sectional view of the
array substrate shown in FIG. 10. As shown in FIG. 11, the
array substrate 1055 includes divided pixel regions Pr. The
pixel regions Pr each include, in the order from the liquid
crystal layer 6 side and as shown in FIG. 10, the pixel
electrode 111, the transparent insulating film 110, and the
transparent conductive line 109 superimposed on the pixel
electrode 111. In the present comparative example, each
pixel electrode 111 functions as a segment electrode. Some
pixel regions Pr include transparent conductive lines 109
superimposed on the pixel electrode 111, but not all the pixel
electrodes Pr include transparent conductive lines 109 super-
imposed on the pixel electrodes 111, unlike the mentioned
examples (FIG. 2).

[0302] An integrated circuit 114 is disposed at an end of
the array substrate 10556 (transparent substrate 108a). The
integrated circuit 114 is connected to the transparent con-
ductive lines 109. Each of the transparent conductive lines
109 extends from the integrated circuit 114 to the contact
part 112 of the corresponding pixel electrode 111, differently
from the mentioned examples (FIG. 2). Additionally, the
transparent conductive lines 109 have different lengths. A
conductive line (not illustrated) drawn from the integrated
circuit 114 is connected to an end of a flexible printed circuit
board 115. The flexible printed circuit board 115 is con-
nected, at the other end, to a drive circuit 116 for applying
voltage to the integrated circuit 114.

(Array Substrate 1055)

[0303] The array substrate 1055 was formed as follows.

(1) Formation of Transparent Conductive Lines

[0304] First, a transparent conductive material (ITO) was
applied to the transparent substrate 108a (glass substrate) by
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the sputtering method to form a transparent conductive film.
Next, a resist was applied to the transparent conductive film
and was sequentially exposed, baked, and developed (pho-
tolithography method) to form a resist pattern. The trans-
parent conductive film was etched through the resist pattern,
followed by stripping of the resist pattern, to provide pat-
terning on the transparent conductive film. The patterned
transparent conductive film was then baked to form the
transparent conductive lines 109.

(2) Formation of Transparent Insulating Film

[0305] The transparent conductive line 109 was covered
with a transparent insulating material (organic insulating
film). The transparent insulating material applied thereto
was sequentially exposed, developed, and baked to form the
transparent insulating film 110 in which apertures were
formed.

(3) Formation of Pixel Electrodes

[0306] A transparent conductive material (ITO) was
applied to the transparent insulating film 110 by the sput-
tering method to form a transparent conductive film. Next,
a resist was applied to the transparent conductive film and
was sequentially exposed, baked, and developed (photoli-
thography method) to form a resist pattern. The transparent
conductive film was etched through the resist pattern, fol-
lowed by stripping of the resist pattern, to provide patterning
on the transparent conductive film. The patterned transpar-
ent conductive film then baked to form the pixel electrodes
111. Through the above steps, the array substrate 10556 was
obtained.

Reference Example 1

[0307] The switching mirror panels in the above examples
each have a configuration in which a reflective polarizing
plate is disposed on the back surface side and an absorptive
polarizing plate is disposed on the front surface side. Here,
a different configuration is given as a reference example in
which an absorptive polarizing plate is disposed on both of
the back surface side and front surface side. FIG. 12 is a
schematic cross-sectional view of a switching mirror panel
of Reference Example 1. As shown in FIG. 12, a switching
mirror panel 201 includes, in the following order from the
back surface side to the front surface side, an absorptive
polarizing plate 204a, a liquid crystal panel 203, and an
absorptive polarizing plate 2045.

[0308] The liquid crystal panel 203 includes, in the fol-
lowing order from the back surface side to the front surface
side, an array substrate 205, a liquid crystal layer 206, and
a counter substrate 207.

[0309] The array substrate 205 includes a transparent
substrate 208a, transparent conductive lines 209 disposed on
the surface of the transparent substrate 2084 on the liquid
crystal layer 206 side, a transparent insulating film 210
covering the transparent conductive lines 209, and a pixel
electrode 211 disposed on the surface of the transparent
insulating film 210 on the liquid crystal layer 206 side. The
transparent conductive lines 209 are superimposed on the
pixel electrode 211. The pixel electrode 211 is electrically
connected to at least one of the transparent conductive lines
209 (only one line in FIG. 12) at a contact part 212 through
an aperture formed in the transparent insulating film 210.
The array substrate 205 has the same configuration (such as
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the length and number of the transparent conductive lines
209) as that shown in FIG. 2.

[0310] The counter substrate 207 includes a transparent
substrate 2085 and a common electrode 213 disposed on the
surface of the transparent substrate 2085 on the liquid crystal
layer 206 side. The common electrode 213 is a planar (solid)
electrode.

[0311] The switching mirror panel 201 is usable as a
see-through display by the following principle.

[0312] First, the case where the liquid crystal panel 203 is
a TN-mode liquid crystal panel is described. In the configu-
ration in which the transmission axis of the absorptive
polarizing plate 204a and the transmission axis of the
absorptive polarizing plate 2045 are perpendicular to each
other, the liquid crystal panel 203 achieves a transparent
mode when no voltage is applied (when sufficient voltage is
not applied so as to cause optical rotation). Meanwhile,
voltage application to the liquid crystal panel 203 gradually
reduces the transmittance to achieve the state where light
incident on the absorptive polarizing plate 204a from the
back surface side cannot pass through the absorptive polar-
izing plate 2045, that is, a black display state. Thus, the
switching mirror panel 201 can provide gray scale display
by varying the voltage to be applied.

[0313] As described above, voltage application to some
pixels of the liquid crystal panel 203 enables displaying
information such as letters and images by gray scale display.
In contrast, in pixels with no voltage applied, the back
surface side of the switching mirror panel 201 is visible.
[0314] Next, the case where the liquid crystal panel 203 is
a VA-ECB-mode liquid crystal panel is described. In the
configuration that the transmission axis of the absorptive
polarizing plate 204a and the transmission axis of the
absorptive polarizing plate 2045 are parallel to each other,
the liquid crystal panel 203 achieves a transparent mode
when no voltage is applied (when sufficient voltage is not
applied so as to prevent birefringence). Meanwhile, voltage
application to the liquid crystal panel 203 (the state where
sufficient voltage is applied so as to cause birefringence)
imparts a color to transmitted light passing through the
switching mirror panel 201 from the back surface side by the
birefringence of the liquid crystal panel 203. Thus, the
switching mirror panel 201 enables color display by varying
voltage to be applied.

[0315] As described above, voltage application to some
pixels of the liquid crystal panel 203 enables displaying
information such as letters and images by color display. In
contrast, in the pixels with no voltage applied, the back
surface side of the switching mirror panel 201 is visible.
[0316] In the array substrate 205, the transparent conduc-
tive lines 209 are superimposed on the pixel electrode 211,
which enables efficient arrangement of the transparent con-
ductive lines 209. Furthermore, the spaces between the pixel
regions (pixel electrodes 211) each may be reduced to, for
example, the order of several micrometers. Therefore, the
pixel regions (pixel electrodes 211) can be recognized as if
they constituted one integrated region. As a result, the liquid
crystal panel 203, when it is a TN-mode liquid crystal panel,
achieves clear gray scale display without feeling of dots.
Also, the liquid crystal panel 203, when it is a VA-ECB-
mode liquid crystal panel, achieves clear color display
without feeling of dots.

[0317] Unlike the present reference example, a see-
through display including a thin-film transistor array sub-
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strate has a reduced transmittance due to the existence of
thin-film transistor elements and metal conductive lines.
Such a see-through display including a thin-film transistor
array substrate thus has a lower transmittance than that in the
present reference example. In addition, such a see-through
display including a thin-film transistor array substrate is
required to include a color filter layer or introduce a field
sequential color mode for providing color display. Unfortu-
nately, disposing a color filter layer further reduces the
transmittance of the see-through display due to light absorp-
tion by the color filter layer. Also, introducing a field
sequential color mode requires the liquid crystal panel to
have high speed response, possibly causing color break-up.
[0318] The switching mirror panel of Reference Example
1 includes the following components. The directions of
transmission axes and absorption axes and rubbing direc-
tions are each defined to be positive (+) in the clockwise
direction from the reference line (0°) which is the longitu-
dinal direction (long side) of the switching mirror panel.

(Absorptive Polarizing Plate 204a)

[0319] A polarizer formed by aligning an iodine complex
on a PVA film by adsorption

[0320] Direction of the transmission axis: 0°
[0321] Direction of the absorption axis: 90°
[0322] Main transmittance k1: 84%

(Liquid Crystal Panel 203)

[0323] A VA-ECB-mode liquid crystal panel produced as
follows was used. First, the array substrate 205 and the
counter substrate 207 were washed and a vertical alignment
film was formed on each substrate. The vertical alignment
film formed thereon was prebaked and then post-baked. The
post-baked vertical alignment films were subjected to rub-
bing treatment such that the rubbing directions of the array
substrate 205 and the counter substrate 207 were anti-
parallel to each other (rubbing direction of the array sub-
strate 205: 225°, rubbing direction of the counter substrate
207: 45°) when the two substrates were bonded together.
The array substrate 205 and the counter substrate 207 were
then washed. Plastic bead spacers (diameter: 6 pm) were
scattered on the array substrate 205, and a sealing material
was applied to the counter substrate 207 by a seal printing
method. The array substrate 205 and the counter substrate
207 were bonded together and then baked. Next, a liquid
crystal material (refractive index anisotropy An: 0.2, anisot-
ropy of dielectric constant Ae: —5) was injected between the
array substrate 205 and the counter substrate 207, followed
by sealing, to form the liquid crystal layer 206 (thickness d:
6 um). The liquid crystal layer 206 was subjected to realign-
ment treatment. As a result, the liquid crystal panel 203
(VA-ECB-mode liquid crystal panel) was obtained. The
liquid crystal panel 203 had a liquid crystal retardation
(And) of 1200 nm, when measured with light having a
wavelength of 550 nm.

(Array Substrate 205)

[0324] The array substrate 205 was formed as follows.

(1) Formation of Transparent Conductive Lines

[0325] First, a transparent conductive material (ITO) was
applied to the transparent substrate 208a (glass substrate) by
the sputtering method to form a transparent conductive film.
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Next, a resist was applied to the transparent conductive film
and was sequentially exposed, baked, and developed (pho-
tolithography method) to form a resist pattern. The trans-
parent conductive film was etched through the resist pattern,
followed by stripping of the resist pattern, to provide pat-
terning on the transparent conductive film. The patterned
transparent conductive film was then baked to form the
transparent conductive lines 209.

(2) Formation of Transparent Insulating Film

[0326] The transparent conductive lines 209 were covered
with a transparent insulating material (organic insulating
film). The transparent insulating material applied thereto
was sequentially exposed, developed, and baked to form the
transparent insulating film 210 in which apertures were
formed.

(3) Formation of Pixel Electrodes

[0327] A transparent conductive material (ITO) was
applied to the transparent insulating film 210 by the sput-
tering method to form a transparent conductive film. Next,
a resist was applied to the transparent conductive film and
was sequentially exposed, baked, and developed (photoli-
thography method) to form a resist pattern. The transparent
conductive film was etched through the resist pattern, fol-
lowed by stripping of the resist pattern, to provide patterning
on the transparent conductive film. The patterned transpar-
ent conductive film was then baked to form the pixel
electrodes 211. Through the above steps, the array substrate
205 was obtained.

(Counter Substrate 207)

[0328] The counter substrate 207 was formed as follows.
First, a transparent conductive material (ITO) was applied to
the transparent substrate 2085 (glass substrate) by the sput-
tering method to form a transparent conductive film. Next,
a resist was applied to the transparent conductive film and
was sequentially exposed, baked, and developed (photoli-
thography method) to form a resist pattern. The transparent
conductive film was etched through the resist pattern, fol-
lowed by stripping of the resist pattern, to provide patterning
on the transparent conductive film. The patterned transpar-
ent conductive film was baked to form the common elec-
trode 213. Through the above steps, the counter substrate
207 was obtained.

(Absorptive Polarizing Plate 2045)

[0329] A polarizer formed by aligning an iodine complex
on a PVA film by adsorption

[0330] Direction of the transmission axis: 0°

[0331] Direction of the absorption axis: 90°

[0332] Main transmittance k1: 89%

[0333] The switching mirror panel of Reference Example

1 had the same configuration as the switching mirror panel
of Example 7 except that the reflective polarizing plate 2 was
replaced by the absorptive polarizing plate 204a. In the
present reference example, an absorptive polarizing plate
with high transmittance (main transmittance k1: 89%) was
disposed on the front surface side of the liquid crystal panel
203. The absorptive polarizing plate with high transmittance
may be disposed on the back surface side of the liquid
crystal panel 203 or on both of the front surface side and
back surface side of the liquid crystal panel 203. Alterna-
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tively, an absorptive polarizing plate not having high trans-
mittance (main transmittance k1: 84%) may be disposed on
both of the front surface side and back surface side of the
liquid crystal panel 203. Disposing more absorptive polar-
izing plates with high transmittance improves the transmit-
tance, resulting in a switching mirror panel (see-through
display) with higher transmittance. An absorptive polarizing
plate with too high transmittance, however, reduces the
polarization degree of the absorptive polarizing plate, pos-
sibly lowering the contrast ratio.

[Evaluation 1]

[0334] The switching mirror devices of Examples 1, 2, and
6, and Comparative Examples 1 and 2 were each evaluated
for the specularity in the mirror mode.

(Evaluation Method)

[0335] The specularity in the mirror mode was evaluated
by determining the visibility of a mirror image. Specifically,
in the switching mirror device of each example, the liquid
crystal panel for display of the liquid crystal display device
was brought to the non-display state (powered off), and
voltage (5 V) was applied to all the pixels of the liquid
crystal panel of the switching mirror panel (mirror mode).
Ten viewers visually observed each switching mirror device
from the front surface side under the environment with an
illuminance of 750 Ix to evaluate the visibility of the mirror
image.

(Evaluation Results)

[0336] There was no difference in the specularity of the
mirror mode between Examples 1, 2, and 6 and Comparative
Examples 1 and 2. In Examples 1, 2, and 6, the transparent
conductive lines were superimposed on pixel electrodes.
The spaces between the pixel regions (pixel electrodes) were
thus reduced to the order of several micrometers. This
configuration allowed the pixel regions (pixel electrodes) in
Examples 1, 2, and 6 to be recognized as if they have
constituted one integrated region and to achieve similar
specularity to that in Comparative Examples 1 and 2 with
planar (solid) pixel electrodes. Additionally, comparison
between Example 2 and Example 6 in which the positions of
the array substrate and the counter substrate were swapped
showed no difference in the specularity of the mirror mode.

[Evaluation 2]

[0337] The switching mirror devices of Examples 1 and 2
and Comparative Examples 1 and 2 were evaluated for the
information display performance and designability in the
mirror mode.

(Evaluation Results)

[0338] The switching mirror device of Example 1 in the
mirror mode, which could provide information such as
letters and images by reflected light, thus achieved better
information display performance than that in Comparative
Example 1. The switching mirror device of Example 2 in the
mirror mode, which not only provided information such as
letters and images by reflected light but also changed the
color of reflected light and simultaneously imparted colors
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to reflected light, thus achieved better information display
performance and designability than those in Comparative
Examples 1 and 2.

[Evaluation 3]

[0339] The switching mirror devices of Example 2 and
Comparative Example 3 were evaluated for the uniformity
of the mirror state in the mirror mode.

(Evaluation Method)

[0340] The uniformity of the mirror state in the mirror
mode was evaluated by the presence or absence of irregular
reflection. Specifically, in the switching mirror device of
each example, the liquid crystal panel for display of the
liquid crystal display device was brought to the non-display
state (powered off), and voltage (5 V) was applied to all the
pixels of the liquid crystal panel of the switching mirror
panel (mirror mode). Ten viewers visually observed each
switching mirror device from the front surface side under the
environment with an illuminance of 750 Ix to evaluate the
presence or absence of irregular reflection.

(Evaluation Results)

[0341] No irregular reflection was observed in Example 2.
In Example 2, the transparent conductive lines having an
equal length achieved an equal parasitic capacitance. The
pixel electrodes resultantly had an equal potential, leading to
no irregular reflection in the mirror mode. In contrast,
irregular reflection was observed in Comparative Example
3. In Comparative Example 3, the transparent conductive
lines with different lengths had different potentials that
caused the pixel electrodes to have different parasitic capaci-
tances, resulting in irregular reflection in the mirror mode.

[Evaluation 4]

[0342] The switching mirror devices of Examples 2 to 4
were evaluated for the applied-voltage dependence of the
color of reflected light in the mirror mode.

(Evaluation Method)

[0343] The liquid crystal panel for display of the liquid
crystal display device of each switching mirror device was
brought to the non-display state (powered off). While volt-
age applied to all the pixels of the liquid crystal panel of the
switching mirror panel was increased by 0.1 V from 0 V to
10 V, the reflection chromaticity of each switching mirror
device was measured and the xy chromaticity was calculated
from the measurement results. The reflection chromaticity
was measured using a desktop spectrophotometer (trade
name: CM-2600d, integrating sphere spectrophotometer)
available from Konica Minolta, Inc. The reflection measure-
ment mode was specular component included (SCI) mode
and the measurement wavelength range was from 380 nm to
780 nm. A D65 light source was used as external light
incident on each switching mirror device from the front
surface side. Changing the voltage applied to the liquid
crystal panel from 0 V to 10 V achieved retardation change
of' the liquid crystal panel from 0 nm to 1145 nm in Example
2, from 0 nm to 930 nm in Example 3, and from 0 nm to
1090 nm in Example 4, when measured with light having a
wavelength of 550 nm.
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(Evaluation Results)

[0344] FIG. 13 is an Xy chromaticity diagram derived
from the measurement results of the reflection chromaticity
of a switching mirror device of Example 2. FIG. 14 is an xy
chromaticity diagram derived from the measurement results
of'the reflection chromaticity of a switching mirror device of
Example 3. FIG. 15 is an xy chromaticity diagram derived
from the measurement results of the reflection chromaticity
of a switching mirror device of Example 4. In FIGS. 13 to
15, “o” (white circle) indicates the chromaticity point rep-
resenting the reflection chromaticity with a voltage of 0 V
applied to the liquid crystal panel; and “[]” (white square)
indicates the chromaticity point representing the reflection
chromaticity with a voltage of 10 V applied to the liquid
crystal panel. Changing the voltage applied to the liquid
crystal panel from 0 V to 10 V moves the chromaticity point
from “0” to “[J” along the dotted line. FIGS. 13 to 15
showed that the color of reflected light in Examples 2 to 4
varied in accordance with applied voltage.

[Evaluation 5]

[0345] The transmittance in the transparent mode was
measured in the switching mirror panels of Examples 1 to 4
and Comparative Example 1.

(Evaluation Method)

[0346] First, the luminance L1 of the liquid crystal display
device itself was measured from the front surface side in
each example. The FFS-mode liquid crystal display device
used in Examples 3 and 4 were used as the liquid crystal
display device for luminance measurement in each example.
Next, the switching mirror panel was placed on the front
surface side of the liquid crystal display device to produce
a switching mirror device. Then, the liquid crystal panel of
the switching mirror panel was brought to the state with no
voltage applied (the state where sufficient voltage is not
applied so as to cause optical rotation or prevent birefrin-
gence), that is, the switching mirror panel was brought to the
transparent mode, and the luminance [.2 of the switching
mirror device was measured from the front surface side.
Form the luminance L1 and luminance .2, the transmittance
of the switching mirror panel in the transparent mode was
calculated according to the formula: the transmittance (%) of
the switching mirror panel in the transparent mode=100x
L2/L1. The luminance L1 and luminance .2 were measured
under the environment with an illuminance of 0 Ix using a
spectroradiometer (trade name: SR-UL1) available from
Topcon Corporation. Visually corrected Y value was taken
as the luminance.

(Evaluation Results)

[0347] Table 1 shows the evaluation results. As shown in
Table 1, the transmittance of the switching mirror panel in
the transparent mode (simply referred to as transmittance in
Table 1) in Examples 1 to 4 was equal to or better than that
in Comparative Example 1. This means that the switching
mirror devices in the display mode of Examples 1 to 4
achieved brighter display than that in Comparative Example
1. Additionally, all of the switching mirror panels in the
transparent mode of Examples 1 to 4 had a transmittance of
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higher than 70%, which was sufficiently higher than the
transmittance (50% or lower) of a typical mirror display
including a half mirror layer.

TABLE 1

Transmittance (%)

Example 1 78.5
Example 2 80.5
Example 3 85.6
Example 4 85.7
Comparative 78.6
Example 1

[Evaluation 6]

[0348] The luminance was measured in the switching
mirror devices of Examples 4 and 5.

(Evaluation Method)

[0349] The switching mirror device of each example was
separated into the liquid crystal panel of the switching
mirror panel, a laminate in which the backlight was excluded
from the liquid crystal display device (laminate including
the absorptive polarizing plate, the liquid crystal panel for
display, and the absorptive polarizing plate), and the back-
light. Next, the laminate and the liquid crystal panel of the
switching mirror panel were placed in the stated order on the
front surface side of the backlight to produce a sample for
evaluation. Then, the liquid crystal panel of the switching
mirror panel was brought to the state with no voltage applied
(the state where sufficient voltage is not applied so as to
prevent birefringence) and the luminance of the sample for
evaluation was measured from the front surface side. The
luminance was measured under the environment with an
illuminance of 0 Ix using a spectroradiometer (trade name:
SR-UL1) available from Topcon Corporation. Visually cor-
rected Y value was taken as the luminance.

(Evaluation Results)

[0350] Table 2 shows evaluation results. As shown in
Table 2, the luminance (simply referred to as luminance in
Table 2) in Example 5 was higher than that in Example 4.
This is because the main transmittance k1 (89%) of the
absorptive polarizing plate on the front surface side of the
laminate in Example 5 was higher than that (84%) in
Example 4. Accordingly, the switching mirror device in the
display mode of Example 5 achieved brighter display than
that in Example 4.

TABLE 2

Luminance (cd/m?)

Example 4 480.6
Example 5 508.6

[Evaluation 7]

[0351] The switching mirror panels of Example 7 and
Reference Example 1 were evaluated for the applied-voltage
dependence of the color of transmitted light.
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(Evaluation Method)

[0352] The switching mirror panel of each example was
placed on the front surface side of a backlight. While the
voltage applied to all the pixels of the liquid crystal panel of
the switching mirror panel of each example was increased
by 0.1 V from 0 V to 10V, the transmission chromaticity of
each switching mirror panel was measured and the xy
chromaticity was calculated from the measurement results.
The transmission chromaticity was measured using a spec-
troradiometer (trade name: SR-UL1) available from Topcon
Corporation under the environment with an illuminance of 0
Ix. Changing the voltage applied to the liquid crystal panel
from 0 V to 10 V achieved retardation change of the liquid
crystal panel from 0 nm to 1090 nm in Example 7 and from
0 nm to 1090 nm in Reference Example 1, when measured
with light having a wavelength of 550 nm.

(Evaluation Results)

[0353] FIG. 16 is an xy chromaticity diagram derived
from the measurement results of the transmission chroma-
ticity of a switching mirror panel of Example 7. FIG. 17 is
an xy chromaticity diagram derived from the measurement
results of the transmission chromaticity of a switching
mirror panel of Reference Example 1. In FIGS. 16 and 17,
“o” (white circle) indicates the chromaticity point represent-
ing the transmission chromaticity with a voltage of 0 V
applied to the liquid crystal panel; and “[]” (white square)
indicates the chromaticity point representing the transmis-
sion chromaticity with a voltage of 10 V applied to the liquid
crystal panel. Changing the voltage applied to the liquid
crystal panel from 0 V to 10 V moves the chromaticity point
from “o” to “[” along the dotted line. FIGS. 16 and 17
showed that the color of transmitted light in Example 7 and
Reference Example 1 varied in accordance with applied
voltage. Here, the switching mirror panel of Reference
Example 1 cannot use incident light from the front surface
side of the absorptive polarizing plate 2045. Thus, the
switching mirror panel of Reference Example 1, when used
with the back surface side (the absorptive polarizing plate
204a side) faced to the ground, for example, provides darker
display than the switching mirror panel of Example 7. In
contrast, the switching mirror panel of Example 7, even
when used with the back surface side (the reflective polar-
izing plate 2 side) faced to the ground, achieves color
display by reflecting incident light from the front surface
side of the absorptive polarizing plate 4. Accordingly, the
switching mirror panel of Example 7 achieves better display
visibility under more various environments than the switch-
ing mirror panel of Reference Example 1.

[Evaluation 8]

[0354] The switching mirror devices of Examples 4, 10,
and 11 were evaluated for the strength of a moiré pattern.

(Evaluation Method)

[0355] Inthe switching mirror device of each example, the
liquid crystal panel for display of the liquid crystal display
device was operated to provide white display. Then, under
the environment with an illuminance of 0 1x (dark room), ten
viewers visually observed the switching mirror device of
each example from the front surface side through one of ND
filters with different transmittances (minimum transmit-
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tance: 0.1%) to evaluate the strength of a moiré pattern. The
transmittance of the ND filter at which the moiré pattern was
lost was recorded. A higher transmittance at which the moiré
pattern was lost was evaluated as preventing moiré appear-
ance better (the moiré pattern was weaker).

(Evaluation Results)

[0356] Table 3 shows the evaluation results. As shown in
Table 3, a moiré pattern was still observed with an ND filter
with the minimum transmittance of 0.1% (referred to as
“<0.1” (less than 0.1%) in Table 3) in Example 4. In contrast,
a moiré pattern was lost with an ND filter with a transmit-
tance of 1.4% in Example 10, and a moiré pattern was lost
with an ND filter with a transmittance of 20% in Example
11. Namely, the switching mirror panels of Examples 10 and
11 achieved better prevention of moiré appearance than that
in Example 4.

TABLE 3

Transmittance (%) of ND filter
at which moire pattern is lost

Example 4 <0.1
Example 10 1.4
Example 11 20

[Additional Remarks]

[0357] An aspect of the present invention may be a
switching mirror panel including, in the following order
from the back surface side to the front surface side: a
reflective polarizing plate; a liquid crystal panel including a
pair of substrates facing each other and a liquid crystal layer
disposed between the substrates; and an absorptive polariz-
ing plate, at least one of the substrates including divided
pixel regions, the pixel regions each including, in the
following order from the liquid crystal layer side, a pixel
electrode, a transparent insulating film, and transparent
conductive lines superimposed on the pixel electrode, the
pixel electrode being electrically connected to at least one of
the transparent conductive lines through an aperture formed
in the transparent insulating film, the switching mirror panel
being configured to switch between a transparent mode of
transmitting light incident on the reflective polarizing plate
from the back surface side through the absorptive polarizing
plate and a mirror mode of reflecting light incident on the
absorptive polarizing plate from the front surface side by the
reflective polarizing plate by applying voltage to the pixel
electrode to control the alignment of liquid crystal molecules
in the liquid crystal layer.

[0358]

(1) Information such as letters and images can be displayed
by reflected light in the mirror mode.

This configuration achieves the below effects.

(2) The arrangement in which the transparent conductive
lines are superimposed on the pixel electrodes enables
efficient arrangement of the transparent conductive lines and
reduced spaces between the pixel regions (the pixel elec-
trodes). This configuration enables the pixel regions (pixel
electrodes) to be recognized as if they constituted one
integrated region, thereby enhancing the specularity in the
mirror mode.
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(3) Using not metal conductive lines but the transparent
conductive lines enhances the transmittance of the switching
mirror panel.

[0359] The transparent conductive lines may have an
equal length. The pixel regions may include an equal num-
ber of the transparent conductive lines. This configuration
enables the transparent conductive lines to have an equal
parasitic capacitance. When an equal voltage is applied to
the transparent conductive lines, the pixel regions (pixel
electrodes) have an equal potential. This achieves a uniform
mirror surface without irregular reflection in the mirror
mode.

[0360] The switching mirror panel may further include,
between the pixel electrode and the transparent insulating
film in the following order from the liquid crystal layer side,
an additional transparent insulating film and additional
transparent conductive lines superimposed on the pixel
electrode, and the transparent conductive lines and the
additional transparent conductive lines, with the transparent
insulating film in between, may be placed at an equal pitch
and may not be superimposed on each other. This configu-
ration can sufficiently prevent moiré appearance and
increase the number of pixel electrodes that can drive,
imparting high definition to the liquid crystal panel.

[0361] The liquid crystal panel may be a birefringence
mode liquid crystal panel. This configuration enables use of
the present invention when a birefringence mode liquid
crystal panel is used as the liquid crystal panel.

[0362] When the liquid crystal panel is a birefringence
mode liquid crystal panel, the transmission axis of the
reflective polarizing plate and the transmission axis of the
absorptive polarizing plate may be parallel to each other.
The transmission axis of the reflective polarizing plate and
the transmission axis of the absorptive polarizing plate may
be perpendicular to each other. In order to enhance the
transmittance of the switching mirror panel in the transpar-
ent mode, the transmission axis of the reflective polarizing
plate and the transmission axis of the absorptive polarizing
plate are preferably parallel to each other.

[0363] The birefringence mode liquid crystal panel may be
configured to switch, in transmission of incident polarized
light, between a non-coloring mode of not altering the
polarization state of the polarized light and a coloring mode
of altering the polarization state of the polarized light, and
in the coloring mode, the birefringence mode liquid crystal
panel may change the retardation to a value greater than 275
nm when measured with light having a wavelength of 550
nm. This configuration enables color adjustment of reflected
light in the mirror mode and of transmitted light passing
through the switching mirror panel from the back surface
side in the transparent mode.

[0364] The liquid crystal panel may be an optical rotation
mode liquid crystal panel. This configuration enables use of
the present invention when an optical rotation mode liquid
crystal panel is used as the liquid crystal panel.

[0365] When the liquid crystal panel is an optical rotation
mode liquid crystal panel, the transmission axis of the
reflective polarizing plate and the transmission axis of the
absorptive polarizing plate may be perpendicular to each
other. The transmission axis of the reflective polarizing plate
and the transmission axis of the absorptive polarizing plate
may be parallel to each other. From the viewpoint of
enhancing the transmittance of the switching mirror panel in
the transparent mode, the transmission axis of the reflective
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polarizing plate and the transmission axis of the absorptive
polarizing plate are preferably perpendicular to each other.
[0366] Another aspect of the present invention may be a
switching mirror device including, in the following order
from the back surface side to the front surface side, a display
device including a polarizing plate and the switching mirror
panel. This configuration enables the switching mirror panel
to switch between the state (transparent mode) of displaying
an image of the display device and the state (mirror mode)
of displaying information such as letters and images by
reflected light.

[0367] The display device may be a liquid crystal display
device. This configuration enables use of the present inven-
tion when a liquid crystal display device is used as the
display device.

[0368] Any display device including a polarizing plate
may be used and examples thereof include, in addition to a
liquid crystal display device, display devices emitting polar-
ized light such as an organic electroluminescent display
device including an anti-reflection absorptive circularly
polarizing plate and a MEMS display to which a polarizing
plate is attached. The display device may also be a display
providing three-dimensional (3D) video images, i.e., a 3D
compatible display. A 3D compatible display can provide
natural sense of depth in the display region as well as the
mirror region, which enhances the designability of the
switching mirror device and enables use of the switching
mirror device in various applications. Any display style
providing three-dimensional video images may be employed
for the 3D compatible display, and preferred are naked-eye
displays which do not require glasses. Examples of the
naked-eye 3D compatible displays include displays with
lenticular lenses and displays with parallax barriers.

[0369] The polarizing plate used in the display device is an
absorptive polarizing plate or a reflective polarizing plate,
not any other special polarizing plates. The absorptive
polarizing plate and the reflective polarizing plate include a
linearly polarizing plate and a circularly polarizing plate (a
product in which a A/4 plate is stacked on a linearly
polarizing plate), respectively. A linearly polarizing plate
that belongs to the absorptive polarizing plate is typically
referred to as an absorptive polarizing plate (“linear” is
omitted), for example. Meanwhile, a circularly polarizing
plate that belongs to the absorptive polarizing plate may be
referred to as an absorptive circularly polarizing plate.
[0370] Another aspect of the present invention may be a
switching mirror device including, in the following order
from the back surface side to the front surface side, a light
absorber and the switching mirror panel. This configuration
enables the switching mirror panel to switch between the
state (transparent mode) of displaying the light absorber and
the state (mirror mode) of displaying information such as
letters and images by reflected light.

[0371] Another aspect of the present invention may be a
switching mirror device including, in the following order
from the back surface side to the front surface side, a display
device, a light absorber, and the switching mirror panel, the
display device including a display surface on the opposite
side of the light absorber. This configuration enables the
switching mirror panel to switch, on the opposite side of the
display surface of the display device, between the state
(transparent mode) of displaying the light absorber and the
state (mirror mode) of displaying information such as letters
and images by reflected light.
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REFERENCE SIGNS LIST

[0372] 1a,1b,1c, 101a, 1015, 201: switching mirror panel

[0373] 2, 102: reflective polarizing plate

[0374] 3, 3a, 1034, 1035, 203: liquid crystal panel

[0375] 4, 4a, 4b, 104, 1044, 1045, 204a, 204b: absorptive
polarizing plate

[0376] 5, 5a, 105a, 1055, 205: array substrate

[0377] 6, 106, 206: liquid crystal layer

[0378] 7, 107, 207: counter substrate

[0379] 8a, 85, 108a, 1085, 208a, 2085b: transparent sub-
strate

[0380] 9, 9a, 109, 209: transparent conductive line

[0381] 10, 10q, 110, 210: transparent insulating film

[0382] 11, 111, 211: pixel electrode

[0383] 12, 112, 212: contact part

[0384] 13, 113, 213: common electrode

[0385] 14, 114: integrated circuit

[0386] 15, 115: flexible printed circuit board

[0387] 16, 116: drive circuit

[0388] 17a,17b,17¢,17d,17¢, 171, 117a, 117b: switching
mirror device

[0389] 18, 118: liquid crystal display device

[0390] 19, 119: backlight

[0391] 20, 120: liquid crystal panel for display

[0392] 21: light absorber

[0393] 22: pressure-sensitive adhesive

[0394] PR, Pr: pixel region

1. A switching mirror panel comprising, in the following

order from the back surface side to the front surface side:

a reflective polarizing plate;

a liquid crystal panel including a pair of substrates facing
each other and a liquid crystal layer disposed between
the substrates; and

an absorptive polarizing plate,

at least one of the substrates including divided pixel
regions,

the pixel regions each including, in the following order
from the liquid crystal layer side, a pixel electrode, a
transparent insulating film, and transparent conductive
lines superimposed on the pixel electrode,

the pixel electrode being electrically connected to at least
one of the transparent conductive lines through an
aperture formed in the transparent insulating film,

the switching mirror panel being configured to switch
between a transparent mode of transmitting light inci-
dent on the reflective polarizing plate from the back
surface side through the absorptive polarizing plate and
a mirror mode of reflecting light incident on the absorp-
tive polarizing plate from the front surface side by the
reflective polarizing plate by applying voltage to the
pixel electrode to control the alignment of liquid crystal
molecules in the liquid crystal layer.

2. The switching mirror panel according to claim 1,

wherein the transparent conductive lines have an equal
length.

3. The switching mirror panel according to claim 2,

wherein the pixel regions include an equal number of the
transparent conductive lines.

4. The switching mirror panel according to claim 1,

wherein the switching mirror panel further comprises,
between the pixel electrode and the transparent insu-
lating film in the following order from the liquid crystal
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layer side, an additional transparent insulating film and
additional transparent conductive lines superimposed
on the pixel electrode, and

the transparent conductive lines and the additional trans-
parent conductive lines, with the transparent insulating
film in between, are placed at an equal pitch and are not
superimposed on each other.

5. The switching mirror panel according to claim 1,

wherein the liquid crystal panel is a birefringence mode
liquid crystal panel.

6. The switching mirror panel according to claim 5,

wherein the transmission axis of the reflective polarizing
plate and the transmission axis of the absorptive polar-
izing plate are parallel to each other.

7. The switching mirror panel according to claim 5,

wherein the transmission axis of the reflective polarizing
plate and the transmission axis of the absorptive polar-
izing plate are perpendicular to each other.

8. The switching mirror panel according to claim 5,

wherein the birefringence mode liquid crystal panel is
configured to switch, in transmission of incident polar-
ized light, between a non-coloring mode of not altering
the polarization state of the polarized light and a
coloring mode of altering the polarization state of the
polarized light, and

in the coloring mode, the birefringence mode liquid
crystal panel changes the retardation to a value greater
than 275 nm when measured with light having a
wavelength of 550 nm.
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9. The switching mirror panel according to claim 1,
wherein the liquid crystal panel is an optical rotation
mode liquid crystal panel.
10. The switching mirror panel according to claim 9,
wherein the transmission axis of the reflective polarizing
plate and the transmission axis of the absorptive polar-
izing plate are perpendicular to each other.
11. The switching mirror panel according to claim 9,
wherein the transmission axis of the reflective polarizing
plate and the transmission axis of the absorptive polar-
izing plate are parallel to each other.
12. A switching mirror device comprising, in the follow-
ing order from the back surface side to the front surface side:
a display device including a polarizing plate; and
the switching mirror panel according to claim 1.
13. The switching mirror device according to claim 12,
wherein the display device is a liquid crystal display
device.
14. A switching mirror device comprising, in the follow-
ing order from the back surface side to the front surface side:
a light absorber; and
the switching mirror panel according to claim 1.
15. A switching mirror device comprising, in the follow-
ing order from the back surface side to the front surface side:
a display device;
a light absorber; and
the switching mirror panel according to claim 1,
the display device including a display surface on the
opposite side of the light absorber.
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