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(57) ABSTRACT

2005-291217

A liquid crystal display device including two liquid crystal
display panels located back to back is made thinner. A liquid
crystal display device includes first and second liquid crystal
display panels located back to back. The liquid crystal display
device further includes a light source provided to a side of a
rear substrate of the first liquid crystal display panel, a light
source provided to a side of a rear substrate of the second
liquid crystal display panel, and a polarizing element pro-
vided between the first and second liquid crystal display
panels. The rear substrate of the first liquid crystal display
panel includes a light guide layer for directing light, incident
on the rear substrate from the light source and propagating
inside the rear substrate, toward the second liquid crystal
display panel. The rear substrate of the second liquid crystal
display panel includes a light guide layer for directing light,
incident on the rear substrate from the light source and propa-
gating inside the rear substrate, toward the first liquid crystal
display panel.
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DOUBLE SIDED LIQUID CRYSTAL DISPLAY
UNIT AND PORTABLE ELECTRONIC
APPARATUS COMPRISING A POLARIZING
ELEMENT BETWEEN TWO LIQUID
CRYSTAL DISPLAY PANELS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play device, and specifically to a liquid crystal display device
including two liquid crystal display panels located back to
back. The present invention also relates to a mobile electronic
device including such a liquid crystal display device.

[0003] 2. Description of the Related Art

[0004] Recently, mobile phones have been progressively
spread, and foldable type phones are now mainstream. Espe-
cially, two screen type phones having a main display screen
for displaying main information, and a sub display screen for
displaying information in a supplementary manner where the
phone is folded are popular owing to the convenience thereof.
A two screen type mobile phone is described in, for example,
Japanese Laid-Open Patent Publication No. 2001-136247.
[0005] FIG. 16 shows aliquid crystal display device usable
for two screen type mobile phones. A liquid crystal display
device 800 shown in FIG. 16 includes two liquid crystal
display panels 810 and 820 located back to back. One of the
liquid crystal display panels, 810, is used for a main screen
(hereinafter, referred to as a “main panel”), and the other
liquid crystal display panel 820 is used for a sub screen
(hereinafter, referred to as a “sub panel”).

[0006] The main panel 810 includes a pair of substrates
810a and 8105, and a liquid crystal layer 812 provided ther-
ebetween. A pair of polarizing plates 801 and 802 are respec-
tively provided outside the substrates 810a and §105. The sub
panel 820 includes a pair of substrates 820a and 8205, and a
liquid crystal layer 822 provided therebetween. A pair of
polarizing plates 803 and 804 are respectively provided out-
side the substrates 820a and 8205.

[0007] The liquid crystal display device 800 also includes
an illumination device 830 for emitting light toward the main
panel 810 and an illumination device 840 for emitting light
toward the sub panel 820. The illumination device 830 for the
main panel 810 is an edge light type backlight including a
light source 831 and a light guide plate 832 for guiding the
light emitted from the light source 831 toward the main panel
810. The illumination device 840 for the sub panel 820 is also
an edge light type backlight including a light source 841 and
a light guide plate 842 for guiding the light emitted from the
light source 841 toward the sub panel 820.

[0008] Today, mobile phones are desired to be thinner so
that the user is not disturbed by the thickness thereof even in
a folded state, and thus the liquid crystal display devices used
for the mobile phones are also desired to be thinner.

[0009] However, the liquid crystal display device 800
shown in FIG. 16 includes two liquid crystal display panels
810 and 820 and also two illumination devices, and therefore
is about twice as thick as usual liquid crystal display devices
including one liquid crystal display panel.

SUMMARY OF THE INVENTION

[0010] Inorder to overcome the problems described above,
preferred embodiments of the present invention reduce the
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thickness of a liquid crystal display device including two
liquid crystal display panels located back to back.

[0011] A liquid crystal display device according to a pre-
ferred embodiment of the present invention includes a first
liquid crystal display panel and a second liquid crystal display
panel located back to back. The first liquid crystal display
panel includes a first substrate, a second substrate located
opposite from the second liquid crystal display panel with
respect to the first substrate, a first liquid crystal layer pro-
vided between the first substrate and the second substrate, and
a first polarizing element located opposite from the first sub-
strate with respect to the first liquid crystal layer; and the
second liquid crystal display panel includes a third substrate,
a fourth substrate located opposite from the first liquid crystal
display panel with respect to the third substrate, a second
liquid crystal layer provided between the third substrate and
the fourth substrate, and a second polarizing element located
opposite from the third substrate with respect to the second
liquid crystal layer. The liquid crystal display device further
includes a first light source, provided to a side of the first
substrate of the first liquid crystal display panel, for emitting
light toward a side surface of the first substrate; a second light
source, provided to a side of the third substrate of the second
liquid crystal display panel, for emitting light toward a side
surface of the third substrate; and a third polarizing element
provided between the first liquid crystal display panel and the
second liquid crystal display panel. The first substrate
includes a first light guide layer for directing light, which is
incident on the first substrate from the first light source and
propagating inside the first substrate, toward the second lig-
uid crystal display panel; and the third substrate includes a
second light guide layer for directing light, which is incident
on the third substrate from the second light source and propa-
gating inside the third substrate, toward the first liquid crystal
display panel. The above-described advantages are achieved
by this structure.

[0012] Ina preferred embodiment of the present invention,
the first liquid crystal display panel performs display using
light which has been output from the third substrate of the
second liquid crystal display panel and passed through the
third polarizing element; and the second liquid crystal display
panel performs display using light which has been output
from the first substrate of the first liquid crystal display panel
and passed through the third polarizing element.

[0013] Ina preferred embodiment of the present invention,
the liquid crystal display device according to a preferred
embodiment of the present invention further includes a first
dimmer provided between the first substrate and the third
polarizing element, the first dimmer being switchable
between a light reflective state and a light transmissive state;
and a second dimmer provided between the third substrate
and the third polarizing element, the second dimmer being
switchable between the light reflective state and the light
transmissive state.

[0014] Ina preferred embodiment of the present invention,
the first liquid crystal display panel performs display using
light which has been output from the first substrate, passed
through the first dimmer in the light transmissive state and the
third polarizing element, and then reflected by the second
dimmer in the light reflective state; and the second liquid
crystal display panel performs display using light which has
been output from the third substrate, passed through the sec-
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ond dimmer in the light transmissive state and the third polar-
izing element, and then reflected by the first dimmer in the
light reflective state.

[0015] Ina preferred embodiment of the present invention,
the first dimmer and the second dimmer are each an electro-
chromic element, the light reflectance of which is changed in
accordance with a voltage application.

[0016] Ina preferred embodiment of the present invention,
the first substrate includes a first transparent plate for support-
ing the first light guide layer, and a first low refractive index
layer provided between the first transparent plate and the first
liquid crystal layer and having a lower refractive index than
that of the first transparent plate; and the third substrate
includes a second transparent plate for supporting the second
light guide layer, and a second low refractive index layer
provided between the second transparent plate and the second
liquid crystal layer and having a lower refractive index than
that of the second transparent plate.

[0017] Ina preferred embodiment of the present invention,
the first light guide layer includes a plurality of first reflective
films for reflecting the light, propagating inside the first sub-
strate, toward the second liquid crystal display panel; and the
second light guide layer includes a plurality of second reflec-
tive films for reflecting the light, propagating inside the third
substrate, toward the first liquid crystal display panel.
[0018] Ina preferred embodiment of the present invention,
the plurality of first reflective films and the plurality of second
reflective films are a plurality of dielectric films.

[0019] Alternatively, a liquid crystal display device accord-
ing to a preferred embodiment the present invention includes
a first liquid crystal display panel and a second liquid crystal
display panel located back to back. The first liquid crystal
display panel includes a first substrate, a second substrate
located opposite from the second liquid crystal display panel
with respect to the first substrate, a first liquid crystal layer
provided between the first substrate and the second substrate,
and a first polarizing element located opposite from the first
substrate with respect to the first liquid crystal layer; and the
second liquid crystal display panel includes a third substrate,
a fourth substrate located opposite from the first liquid crystal
display panel with respect to the third substrate, a second
liquid crystal layer provided between the third substrate and
the fourth substrate, and a second polarizing element located
opposite from the third substrate with respect to the second
liquid crystal layer. The liquid crystal display device further
includes a light source, provided to a side of the first substrate
of the first liquid crystal display panel, for emitting light
toward a side surface of the first substrate; a third polarizing
element provided between the first liquid crystal display
panel and the second liquid crystal display panel; and a dim-
mer provided between the third substrate and the third polar-
izing element, the dimmer being switchable between a light
reflective state and a light transmissive state. The first sub-
strate includes a light guide layer for directing light, which is
incident on the first substrate from the first light source and
propagating inside the first substrate, toward the second lig-
uid crystal display panel. The above-described advantages are
achieved by this structure.

[0020] Ina preferred embodiment of the present invention,
the first liquid crystal display panel performs display using
light which has been output from the first substrate, passed
through the third polarizing element, and then reflected by the
dimmer in the light reflective state; and the second liquid
crystal display panel performs display using light which has
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been output from the first substrate and passed through the
third polarizing element and the dimmer in the light transmis-
sive state.

[0021] Ina preferred embodiment of the present invention,
the dimmer is an electrochromic element, the light reflectance
of which is changed in accordance with a voltage application.
[0022] 1Ina preferred embodiment of the present invention,
the first substrate includes a first transparent plate for support-
ing the first light guide layer, and a first low refractive index
layer provided between the first transparent plate and the first
liquid crystal layer and having a lower refractive index than
that of the first transparent plate.

[0023] Ina preferred embodiment of the present invention,
the light guide layer includes a plurality of reflective films for
reflecting the light, propagating inside the first substrate,
toward the second liquid crystal display panel.

[0024] Ina preferred embodiment of the present invention,
the plurality of reflective films are a plurality of dielectric
films.

[0025] A mobile electronic device according to another
preferred embodiment of the present invention includes a
liquid crystal display device having any of the above-de-
scribed structures.

[0026] Ina preferred embodiment of the present invention,
the mobile electronic device according to the present inven-
tion is a foldable type mobile phone.

[0027] According to various preferred embodiments of the
present invention, the thickness of a liquid crystal display
device including two liquid crystal display panels located
back to back is greatly reduced.

[0028] Other features, elements, processes, steps, charac-
teristics and advantages of the present invention will become
more apparent from the following detailed description of
preferred embodiments of the present invention with refer-
ence to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1is across-sectional view schematically show-
ing a liquid crystal display device 100 according to a pre-
ferred embodiment of the present invention.

[0030] FIG. 21sacross-sectional view showing a portion of
the liquid crystal display device 100.

[0031] FIGS. 3A and 3B show exemplary shapes of reflec-
tive films of a light guide layer.

[0032] FIGS. 4A and 4B show other exemplary shapes of
the reflective films of the light guide layer.

[0033] FIGS. 5A through 5D are cross-sectional views
schematically showing steps of forming the light guide layer.
[0034] FIGS. 6A through 6D are cross-sectional views
schematically showing steps of forming the light guide layer.
[0035] FIG. 7is across-sectional view schematically show-
ing another liquid crystal display device 200 according to a
preferred embodiment of the present invention.

[0036] FIGS. 8A and 8B show functions of a dimmer.
[0037] FIG. 9 schematically shows how the first liquid
crystal display panel of the liquid crystal display device 200
performs display.

[0038] FIG. 10 schematically shows how the second liquid
crystal display panel of the liquid crystal display device 200
performs display.

[0039] FIG. 11 is a cross-sectional view schematically
showing still another liquid crystal display device 300
according to a preferable embodiment of the present inven-
tion.
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[0040] FIG. 12 schematically shows how the first liquid
crystal display panel of the liquid crystal display device 300
performs display.

[0041] FIG. 13 schematically shows how the second liquid
crystal display panel of the liquid crystal display device 300
performs display.

[0042] FIGS. 14A and 14B show a folded state of a mobile
phone 400 including a liquid crystal display device according
to a preferred embodiment of the present invention; wherein
FIG. 14A is a side view and FIG. 14B is a front view.
[0043] FIGS. 15A, 15B and 15C show an opened state of
the mobile phone 400; wherein FIG. 15A is a side view, FIG.
15B is a front view, and FIG. 15C is a rear view.

[0044] FIG. 16 is a cross-sectional view schematically
showing a conventional liquid crystal display device 800 used
for a two screen type mobile phone.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0045] Hereinafter, the present invention will be described
by way of preferred embodiments with reference to the draw-
ings. The present invention is not limited to the following
preferred embodiments.

Preferred Embodiment 1

[0046] FIG. 1 shows a liquid crystal display device 100
according to this preferred embodiment. As shown in FIG. 1,
the liquid crystal display device 100 includes a first liquid
crystal display panel 10 and a second liquid crystal display
panel 20 located back to back. Hereinafter, the first liquid
crystal display panel 10 will be referred to simply as a “first
panel”, and the second liquid crystal display panel 20 will be
referred to simply as a “second panel”.

[0047] The first panel 10 includes a pair of substrates 10a
and 105, and a liquid crystal layer 12 provided therebetween.
Among the pair of substrates 10a and 105, the substrate 10a
which is closer to the second panel 20 will be referred to as a
“rear substrate”, and the other substrate 106 which is located
opposite from the second panel 20 with respect to the rear
substrate 10a will be referred to as a “front substrate”. One of
the rear substrate 10a and the front substrate 105 is, for
example, an active matrix substrate, and the other is, for
example, acolor filter substrate. Although not shown here, the
active matrix substrate includes a switching element such as
a TFT or the like and a pixel electrode, and the color filter
substrate includes a color filter and a counter electrode. A
polarizing plate (polarizing element) 1 is located at a position
closer to an observer than the liquid crystal layer 12, i.e.,
opposite from the rear substrate 10a with respect to the liquid
crystal layer 12.

[0048] The second panel 20 includes a pair of substrates
20a and 205, and a liquid crystal layer 22 provided therebe-
tween. Also regarding the second panel 20, among the pair of
substrates 20a and 2054, the substrate 20a which is closer to
the first panel will be referred to as a “rear substrate™, and the
other substrate 205 which is located opposite from the first
panel 10 with respect to the rear substrate 20a will be referred
to as a “front substrate”. One of the rear substrate 204 and the
front substrate 204 is, for example, an active matrix substrate,
and the other is, for example, a color filter substrate. A polar-
izing plate (polarizing element) 2 is located at a position

Oct. 21,2010

closer to the observer than the liquid crystal layer 22, i.e.,
opposite from the rear substrate 20a with respect to the liquid
crystal layer 22.

[0049] Theliquid crystal display device 100 also includes a
first light source 11 provided to a side of the rear substrate 10a
of the first panel 10, a second light source 21 provided to a
side of the rear substrate 20a of the second panel 20, and a
polarizing plate (polarizing element) 3 provided between the
first panel 10 and the second panel 20. The first light source 11
emits light toward a side surface of the rear substrate 10a of
the first panel 10, and the second light source 21 emits light
toward a side surface of the rear substrate 20a of the second
panel 20. An air layer 4 is present between the polarizing plate
3 and the first panel 10, and between the polarizing plate 3 and
the second panel 20.

[0050] Light emitted from the first light source 11 is inci-
dent on the rear substrate 10a of the first panel 10 and is
propagating inside the rear substrate 10a while being totally
reflected repeatedly. The rear substrate 10a of the first panel
includes a light guide layer 14 for directing the light propa-
gating inside the rear substrate 10a toward the second panel
20. The rear substrate 10a also includes a transparent plate
(e.g., aglass plate ora plastic plate) 13 for supporting the light
guide layer 14, and a low refractive index layer 15 provided
between the transparent plate 13 and the liquid crystal layer
12 and having a lower refractive index than that of the trans-
parent plate 13. The low refractive index layer 15 is provided
in order to totally reflect the light propagating inside the rear
substrate 10a efficiently at the interface between the transpar-
ent plate 13 and the low refractive index layer 15.

[0051] Light emitted from the second light source 21 is
incident on the rear substrate 20a of the second panel 20 and
propagates inside the rear substrate 20a while being totally
reflected repeatedly. The rear substrate 20a of the second
panel 20 also includes a light guide layer 24 for directing the
light propagating inside the rear substrate 20a toward the first
panel 10. The rear substrate 20a also includes a transparent
plate (e.g., a glass plate or a plastic plate) 23 for supporting the
light guide layer 24, and a low refractive index layer 25
provided between the transparent plate 23 and the liquid
crystal layer 22 and having a lower refractive index than that
of the transparent plate 23.

[0052] Owing to the light guide layer 14 provided in the
rear substrate 10a of the first panel 10, the light propagating
inside the rear substrate 10a is output from the rear substrate
10a toward the second panel 20. The light output from the rear
substrate 10a passes through the polarizing plate 3 provided
between the first panel 10 and the second panel 20 and is
incident on the second panel 20. The second panel 20 uses this
light to perform display. Namely, the second panel 20 per-
forms display using the light from the first light source 11
provided to the side of the rear substrate 10a of the first panel
10.

[0053] Owing to the light guide layer 24 provided in the
rear substrate 20a of the first panel 20, the light propagating
inside the rear substrate 20q is output from the rear substrate
20a toward the first panel 10. The light output from the rear
substrate 20qa passes through the polarizing plate 3 provided
between the second panel 20 and the first panel 10 and is
incident on the first panel 10. The first panel 10 uses this light
to perform display. Namely, the first panel 10 performs dis-
play using the light from the second light source 21 provided
to the side of the rear substrate 20a of the second panel 20.
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[0054] As described above, the liquid crystal display device
100 in this preferred embodiment includes a light guide layer
in the rear substrate of each of the two liquid crystal display
panels, and allows light to be incident on the rear substrate
from the light source provided to the side of the rear substrate.
Thus, the rear substrate acts like alight guide plate. Therefore,
as compared with the case where the backlight is used as
shown in FIG. 16, the entire thickness of the liquid crystal
display device can be reduced by the thickness of the light
guide plate, which is provided in the case of FIG. 16 but not
in this preferred embodiment.

[0055] Inaddition, the light guide layer of each liquid crys-
tal display panel directs the light toward the other liquid
crystal display panel. Therefore, the light output from the rear
substrate of each liquid crystal display panel passes through
the polarizing plate located between the two liquid crystal
display panels and then is incident on the other liquid crystal
display panel to be used for display. Namely, in this preferred
embodiment, one polarizing plate is shared by the two liquid
crystal display panels, which can further reduce the thickness
of the liquid crystal display device.

[0056] As described above, according to preferred embodi-
ments of the present invention, the thickness of the liquid
crystal display device including two liquid crystal display
panels located back to back can be reduced as compared to the
conventional art.

[0057] Now, specific structures of the low refractive index
layers 15 and 25 and the light guide layers 14 and 24 included
in the rear substrates 10a and 20a will be described. In the
following, the low refractive index layer 15 and the light
guide layer 14 included in the rear substrate 10a of the first
panel 10 will be described as an example, but the following
description is also applied to the low refractive index layer 25
and the light guide layer 24 included in the rear substrate 20a
of the second panel 20.

[0058] The low refractive index layer 15 may be formed of
any material with no specific limitation as long as the material
has a lower refractive index than that of the transparent plate
13. In order to propagate light efficiently inside the rear sub-
strate 10a, however, the difference between the refractive
index of the low refractive index layer 15 and the refractive
index of the transparent plate 13 is preferably about 0.1 or
greater, and more preferably about 0.18 or greater. The low
refractive index layer 15 may be formed of, for example,
MgkF, (refractive index: about 1.38), a perfluoro resin (refrac-
tive index: about 1.34), or silicon oxide (refractive index:
about 1.3).

[0059] As shown in FIG. 2, the light guide layer 14 in this
preferred embodiment includes a plurality of reflective films
16 therein for reflecting the light propagating inside the rear
substrate 10a toward the second panel 20. The reflective films
16 are inclined with respect to a main surface of the transpar-
ent plate 13; more specifically, are inclined such that an end
thereof closer to the first light source 11 is closer to the
transparent plate 13 than an end farther from the first light
source 11. The inclination angle of the reflective films 16 (the
inclination angle with respect to the main surface of the
transparent plate 13) is preferably about 50° or greater and
about 60° or less, and more preferably about 51° for empirical
reasons.

[0060] Thereflective films 16 may be metal films formed of
aluminum, nickel, silver or the like, or may be dielectric films
formed of SiO,, AL,O; or the like. Where dielectric films
(which may be of a single layer or multiple layers) are used as
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the reflective films 16, the luminance of the liquid crystal
display device can be increased because specific linear polat-
ization can be selectively reflected and thus the amount of
light absorbed by the polarizing plate 3 can be reduced.
[0061] Now, apreferable thickness of thereflective films 16
formed of dielectric films will be described. It is known that a
polarizing beam splitter, which uses polarization dependence
of the reflectance of a dielectric film and also uses light
interference, can be designed such that the reflectance of S
polarization is high while the reflectance of P polarization is
kept low, by alternately stacking dielectric films having dif-
ferent refractive indexes with a thickness which fulfills the
condition of A/4 with respect to a specific optical wavelength
A (for example, “Kogaku Hakumaku” (Optical Thin Film),
pp. 126-129, published by Kyoritsu Shuppan Co., Ltd.).
There are various known dielectric materials including MgF,,
Si0,, AlLO,, TiO, and ZrO, (for example, “Oyobut-
surikogaku Sensho 3, Hakumaku” (Applied Physical Engi-
neering, selected book 3, Thin Film) page 203 published by
Baifukan Kabushiki Kaisha). The reflective films 16 of the
light guide layer 14 can also be designed to have a low
reflectance of P polarization and a high reflectance of S polar-
ization, by forming dielectric films with a thickness which
fulfills the condition of A/4.

[0062] The reflective films 16 may have any shape (the
shape as seen in the direction of the normal to the liquid
crystal layer 12). The reflective films 16 may be formed as
lines (strips) as shown in FIG. 3A and FIG. 4A, or in islands
(dots) as shown in FIG. 3B and FIG. 4B.

[0063] The reflective films 16 may be formed at a constant
ratio as shown in FIGS. 3A and 3B, or may be formed so as to
have a higher ratio as being farther from the first light source
11 as shown in FIGS. 4A and 4B. The amount of light propa-
gating inside the rear substrate 10a decreases the farther it is
from the first light source 11. Where the ratio of the reflective
films 16 is increased the farther they are from the first light
source 11, the intensity distribution of the light which is
output from the rear substrate 10a can be uniform. As shown
in FIGS. 4A and 4B, the reflective films 16 may be formed at
a constant repeating pitch while the area size thereof is
increased as it is located farther from the first light source 11.
Alternatively, the reflective films 16 may be formed with
substantially the same area size while the repeating pitch
thereof is decreased the farther it is from the first light source
11.

[0064] Now, with reference to FIGS. 5A through 5D, one
exemplary method for forming the light guide layer 14 will be
described.

[0065] First, as shown in FIG. 5A, aplurality of projections
18 having a right-angled triangular cross-section are formed
of aresin (e.g., an ultraviolet curable resin having a refractive
index of 1.53) on a flat plate-like film 17 formed of a resin
(e.g., ZEONOR produced by Zeon Corporation having a
refractive index of 1.53).

[0066] Next, as shown in FIG. 5B, on inclined surfaces of
the projections 18 (the surfaces inclined with respect to a
main surface of the film 17), a dielectric material (e.g., TiO,
having a refractive index of 2.2 or ZrO, having a refractive
index of 2.0) is vapor-deposited via a mask 30. Thus, the
refractive films 16 are formed.

[0067] Next, as shown in FIG. 5C, an adhesive material
(e.g., an ultraviolet curable resin or a sticky material each
having a refractive index of 1.53) is applied so as to cover the
projections 18. Thus, an adhesive layer 19 is formed.
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[0068] Then, as shown in FIG. 5D, the adhesive layer 19 is
put into contact with a surface of the transparent plate (e.g., a
glass plate having a refractive index of 1.52) 13 and is cured.
Thus, the light guide layer 14 is formed on the transparent
plate 13.

[0069] Now, with reference to FIGS. 6A through 6D,
another exemplary method for forming the light guide layer
14 will be described.

[0070] First, as shown in FIG. 6 A, a plurality of projections
18 having a right-angled triangular cross-section are formed
of a resin on a flat plate-like film 17 formed of a resin. In the
step shown in FIG. 5A, the projections 18 are formed with no
gap, whereas in the step shown in FIG. 6A, the projections 18
are formed with prescribed gaps. The projections 18 are
formed such that the gaps are narrower as being farther from
the first light source 11 provided later.

[0071] Next, as shown in FIG. 6B, a dielectric material is
vapor-deposited on the film 17 having the projections 18
formed thereon. Thus, the refractive films 16 are formed. By
this step, the refractive films 16 are formed on inclined sur-
faces of the projections 18 and on portions of the film 17 on
which the projection 18 is not formed.

[0072] Next, as shown in FIG. 6C, an adhesive material is
applied so as to cover the reflective films 16. Thus, an adhe-
sive layer 19 is formed.

[0073] Then, as shown in FIG. 6D, the adhesive layer 19 is
put into contact with a surface of the transparent plate 13 and
is cured. Thus, the light guide layer 14 is formed on the
transparent plate 13.

[0074] The reflective films 16 of the light guide layer 14
formed as shown in FIGS. 6A through 6D each have an
inclined area 16a which is inclined with respect to the main
surface of the transparent plate 13 and a parallel area 165
which is parallel to the main surface. The inclined area 16a
contributes to outputting light and substantially acts as a
reflective film.

[0075] Thesteps showninFIGS. 5A through 5D require the
locations of the reflective films 16 to be controlled by use of
the mask 30. By contrast, the steps shown in FIGS. 6A
through 6D can control the locations of the inclined areas 164,
substantially acting as the reflective films, merely by appro-
priately setting the locations of the projections 18. This sim-
plifies the formation steps.

Preferred Embodiment 2

[0076] With reference to FIG. 7, a liquid crystal display
device 200 according to this preferred embodiment will be
described. In the following, differences of the liquid crystal
display device 200 from the liquid crystal display device 100
in Preferred Embodiment 1 will be mainly described.

[0077] As shownin FIG. 7, unlike the liquid crystal display
device 100 in Preferred Embodiment 1, the liquid crystal
display device 200 includes a first dimmer 31 provided
between the rear substrate 10a of the first panel 10 and the
polarizing plate 3, and a second dimmer 32 provided between
the rear substrate 204 of the second panel 20 and the polariz-
ing plate 3.

[0078] As schematically shown in FIGS. 8A and 8B, the
first dimmer 31 and the second dimmer 32 can both be
switched between a light reflective state and a light transmis-
sive state. In this preferred embodiment, the first dimmer 31 is
provided on the rear substrate 10a of the first panel 10, and the
second dimmer 32 is provided on the rear substrate 20a of the
second panel 20. The polarizing plate 3 is bonded to the first
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dimmer 31, and the second dimmer 32 and the polarizing
plate 3 are bonded together with a gel-like transparent sticky
material 34.

[0079] The liquid crystal display device 200 including the
first dimmer 31 and the second dimmer 32 performs display
as follows.

[0080] When the first panel 10 is to perform display, as
shown in FIG. 9, the first dimmer 31 is in the light transmis-
sive state and the second dimmer 32 is in the light reflective
state. Namely, the first panel 10 performs display using light
which has been output from the rear substrate 10a of the first
panel 10, passed through the first dimmer 31 in the light
transmissive state and the polarizing plate 3, and then
reflected by the second dimmer 32 in the light reflective state.
[0081] When the second panel 20 is to perform display, as
shown in FIG. 10, the first dimmer 31 is in the light reflective
state and the second dimmer 32 is in the light transmissive
state. Namely, the second panel 20 performs display using
light which has been output from the rear substrate 20a of the
second panel 20, passed through the second dimmer 32 in the
light transmissive state and the polarizing plate 3, and then
reflected by the first dimmer 31 in the light reflective state.
[0082] In the liquid crystal display device 200 in this pre-
ferred embodiment also, the rear substrate of each of the two
liquid crystal display panels acts as a light guide plate. There-
fore, as compared with the case where the backlight is used as
shown in FIG. 16, the entire thickness of the liquid crystal
display device can be reduced by the thickness of the light
guide plate, which is provided in the case of FIG. 16 but not
in this embodiment. In addition, one polarizing plate 3 is
shared by the two liquid crystal display panels, which can
further reduce the thickness of the liquid crystal display
device.

[0083] Furthermore, the first dimmer 31 and the second
dimmer are switched between the light transmissive state and
the light reflective state in synchronization with the driving of
the first panel 10 and the second panel 20. This allows the two
panels to appear as being lit up at the same time.

[0084] Specifically usable for the first dimmer 31 and the
second dimmer 32 are electrochromic elements, the light
reflectance of which is reversibly changed by a voltage appli-
cation. An electrochromic element includes a dimmer layer
formed of a material, the light reflectance of which is revers-
ibly changed by electrochemical oxidation and reduction
reactions, and a pair of transparent conductive layers for
applying a voltage to the dimmer layer. The dimmer layer is,
forexample, a rare earth metal thin film of yttrium, lanthanum
or the like, or a magnesium-nickel alloy thin film covered
with palladium or the like.

[0085] An electrochromic element in the light reflective
state specular-reflects light. For this reason, in order to pre-
vent external light from being imaged or in order to enlarge
the viewing angle, it is preferable to provide a light scattering
element. For example, polarizing plates with a light scattering
layer may be preferably used as the polarizing plates 1 and 2.
As the dimmers 31 and 32, elements other than the electro-
chromic element may be used. For example, a gaschromic
element is usable. The light reflectance of a gaschromic ele-
ment is reversibly changed in accordance with the concentra-
tion of a specific chemical element in the atmosphere. A
usable material for the gaschromic element may be, for
example, a magnesium-nickel alloy thin film.

Preferred Embodiment 3

[0086] With reference to FIG. 11, a liquid crystal display
device 300 according to this preferred embodiment will be
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described. In the following, differences of the liquid crystal
display device 300 from the liquid crystal display device 200
in Preferred Embodiment 2 will be mainly described.

[0087] Inthe liquid crystal display device 300, as shown in
FIG. 11, the light source 11 is provided to a side of the rear
substrate 10a of the first panel 10, but no light source is
provided to a side of the rear substrate 204 of the second panel
20. The dimmer 32 is provided between the rear substrate 20a
of the second panel 20 and the polarizing plate 3, but no
dimmer is provided between the rear substrate 10a of the first
panel 10 and the polarizing plate 3. The rear substrate 10a of
the first panel 10 includes the light guide layer 14 and the low
refractive index layer 15, but the rear substrate 20a of the
second panel 20 includes neither the light guide layer nor the
low refractive index layer.

[0088] The liquid crystal display device 300 in this pre-
ferred embodiment performs display as follows.

[0089] When the first panel 10 is to perform display, as
shown in FIG. 12, the first dimmer 32 is in the light reflective
state. Namely, the first panel 10 performs display using light
which has been output from the rear substrate 10a of the first
panel 10, passed through the polarizing plate 3, and then
reflected by the dimmer 32 in the light reflective state.
[0090] When the second panel 20 is to perform display, as
shown in FIG. 13, the dimmer 32 is in the light transmissive
state. Namely, the second panel 20 performs display using
light which has been output from the rear substrate 10a of the
first panel 10 and passed through the polarizing plate 3 and the
dimmer 32 in the light transmissive state.

[0091] In the liquid crystal display device 300 in this pre-
ferred embodiment also, as compared with the case where the
backlight is used as shown in FIG. 16, the entire thickness of
the liquid crystal display device can be reduced by the thick-
ness of the light guide plate, which is provided in the case of
FIG. 16 but not in this embodiment. In addition, one polariz-
ing plate 3 is shared by the two liquid crystal display panels,
which can further reduce the thickness of the liquid crystal
display device.

[0092] Furthermore, in this preferred embodiment, the
light source does not need to be provided to the side of the rear
substrate 20a of the second panel 20, which can reduce the
productioncost. The rear substrate 20a of the second panel 20
does not need to include a light guide layer or a low refractive
index layer, which can further reduce the production cost.
[0093] FIGS. 11 through 13 show the first panel 10 and the
second panel 20 with substantially the same size (i.e., the
display screens are shown with substantially the same size).
The second panel 20 may be smaller than (i.e., may have a
smaller display screen than that of) the first panel 10 because
the rear substrate 20a of the second panel 20 does not need to
include a light guide layer. As understood from the above, in
this preferred embodiment, the second parel 20 has a higher
degree of designing freedom.

[0094] The dimmer 32 is switched between the light trans-
missive state and the light reflective state in synchronization
with the driving of the first panel 10 and the second panel 20.
This allows the two panels to appear as being lit up at the same
time.

[0095] A liquid crystal display device according to pre-
ferred embodiments of the present invention can have a
reduced thickness and therefore is preferably usable for
mobile phones. FIGS. 14A and 14B and FIGS. 15A-15D
show a foldable type phone 400 including a liquid crystal
display device according to the present invention. FIGS. 14A
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and 14B show a folded state, wherein FIG. 14A is a side view
and FIG. 14B is a front view. FIGS. 15A, 15B and 15C show
an opened state, wherein FIG. 15A is a side view, FIG. 15B is
a front view, and FIG. 15C is a rear view.

[0096] Themobile phone 400 is a so-called two screen type
mobile phone including a main display screen 60A for dis-
playing main information and a sub display screen 60B for
displaying supplementary information. The sub display
screen 608 displays, for example, the radio wave receiving
state, the remaining battery life or the like.

[0097] The mobile phone 400 includes a liquid crystal dis-
play device according to any of the various preferred embodi-
ments of the present invention (in the figures, the elements
other than the first panel 10 and the second panel 20 are
omitted) and a housing for accommodating various elements
including the liquid crystal display device.

[0098] The housing includes a display section 60 for
accommodating the liquid crystal display device, an opera-
tion section 70 including operation keys 71, and a connection
section (e.g., a hinge) 80 for connecting the display section 60
and the operation section 70. The housing is foldable at the
connection section 80. The mobile phone 400 includes a
liquid crystal display device according to any of the various
preferred embodiments of the present invention in the display
section 60, and therefore can have a reduced thickness than
the conventional mobile phones.

[0099] A liquid crystal display device according to pre-
ferred embodiments of the present invention can have a
reduced thickness than the conventional mobile phones, and
is preferably usable for various types of mobile electronic
devices, especially preferably for foldable type mobile
phones.

[0100] While preferred embodiments of the present inven-
tion have been described above, it is to be understood that
variations and modifications will be apparent to those skilled
in the art without departing the scope and spirit of the present
invention. The scope of the present invention, therefore, is to
be determined solely by the following claims.

What is claimed is:
1. A liquid crystal display device, comprising:

a first liquid crystal display panel and a second liquid
crystal display panel located back to back, wherein:
the first liquid crystal display panel includes a first sub-

strate, a second substrate located opposite from the sec-
ond liquid crystal display panel with respect to the first
substrate, a first liquid crystal layer provided between
the first substrate and the second substrate, and a first
polarizing element located opposite from the first sub-
strate with respect to the first liquid crystal layer; and
the second liquid crystal display panel includes a third
substrate, a fourth substrate located opposite from the
first liquid crystal display panel with respect to the third
substrate, a second liquid crystal layer provided between
the third substrate and the fourth substrate, and a second
polarizing element located opposite from the third sub-
strate with respect to the second liquid crystal layer;
the liquid crystal display device further comprising:
alight source, provided to a side of the first substrate of the
first liquid crystal display panel, and arranged to emit
light toward a side surface of the first substrate;
a third polarizing element provided between the first liquid
crystal display panel and the second liquid crystal dis-
play panel; and
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adimmer provided between the third substrate and the third
polarizing element. the dimmer being switchable
between a light reflective state and a light transmissive
state; wherein

the first substrate includes a light guide layer arranged to
direct light, which is incident on the first substrate from
the first light source and propagating inside the first
substrate, toward the second liquid crystal display panel.

2. The liquid crystal display device of claim 1, wherein the
first liquid crystal display panel is arranged to perform dis-
play using light which has been output from the first substrate,
passed through the third polarizing element, and then
reflected by the dimmer in the light reflective state, and the
second liquid crystal display panel is arranged to perform
display using light which has been output from the first sub-
strate and passed through the third polarizing element and the
dimmer in the light transmissive state.
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3. The liquid crystal display device of claim 1, wherein the
dimmer includes an electrochromic element, the light reflec-
tance of which is changed in accordance with a voltage appli-
cation.

4. The liquid crystal display device of claim 1, wherein the
first substrate includes a first transparent plate arranged to
support the first light guide layer, and a first low refractive
index layer provided between the first transparent plate and
the first liquid crystal layer and having a lower refractive
index than that of the first transparent plate.

5. The liquid crystal display device of claim 1, wherein the
light guide layer includes a plurality of reflective films
arranged to reflect the light, which is propagating inside the
first substrate, toward the second liquid crystal display panel.

6. The liquid crystal display device of claim 5, wherein the
plurality of reflective films include a plurality of dielectric
films.
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