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LIQUID CRYSTAL DISPLAY DEVICE, MOBILE
ELECTRONIC DEVICE INCORPORATING THE
SAME, AND SUBSTRATE FOR LIQUID CRYSTAL
DISPLAY DEVICE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a liquid crystal
display device, and in particular to a liquid crystal display
device which is suitably used for a mobile electronic device.
The present invention also relates to a mobile electronic
device incorporating such a liquid crystal display device,
and a substrate for use in such a liquid crystal display device.

[0003] 2. Description of the Related Art

[0004] In recent years, mobile electronic devices such as
mobile phones and PDAs (Personal Digital Assistants) are in
wide use. In a display section of a mobile electronic device,
a liquid crystal display device is frequently used because of
its advantages in terms of thinness, light weight, and low
power consumption.

1. Field of the Invention

[0005] A liquid crystal display device is a non-emission
type display device, and therefore includes an illuminator
(called a backlight) so that light from the backlight is utilized
in performing display. A backlight is generally composed of
a light source, a reflection plate, a light guiding plate, a lens
sheet, and the like. Since the thickness of a backlight greatly
affects the overall thickness of the liquid crystal display
device, a thin backlight must be used in order to realize a
thin liquid crystal display device.

[0006] Backlights are generally classified into “direct
type” backlights (such as that which is disclosed in Japanese
Laid-Open Patent Publication No. 2003-215585) and “edge
light type” backlights (such as that which is disclosed in
Japanese Laid-Open Patent Publication No. 8-94844). A
“direct type” backlight includes, as shown in FIG. 23, a
plurality of light sources 702 (such as cold-cathode tubes)
which are disposed immediately under a liquid crystal
display panel 701. On the other hand, an “edge light type”
backlight includes, as shown in FIG. 24, a light source 802
disposed on a side edge of a light guiding plate 803, which
in itself is provided immediately under a liquid crystal
display panel 801, such that the light from the light source
802 is led to the liquid crystal display panel 801 by the light
guiding plate 803.

[0007] Since an edge light type backlight can be made thin
more easily than a direct type backlight, edge light type
backlights are currently used in many small-sized liquid
crystal display devices.

[0008] However, liquid crystal display devices are
required to become even thinner due to the recent explosive
prevalence of mobile electronic devices. Such needs cannot
be satisfied by conventional edge light type backlights.

SUMMARY OF THE INVENTION

[0009] In order to overcome the problems described
above, preferred embodiments of the present invention pro-
vide: a liquid crystal display device which can be made
thinner than conventionally, a mobile electronic device
incorporating the same; and a substrate for such a liquid
crystal display device.
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[0010] A liquid crystal display device according to the
present invention comprises: a first substrate; a second
substrate disposed so as to be closer to a viewer than the first
substrate is; a liquid crystal layer provided between the first
substrate and the second substrate; a light source provided
by a side of the first substrate, the light source emitting light
toward a side face of the first substrate; and a selective
reflection layer formed on a principal face of the first
substrate opposite from the viewer, the selective reflection
layer selectively reflecting light of a specific polarization
direction. Thus, the aforementioned objective is met.

[0011] In a preferred embodiment, the liquid crystal dis-
play device according to the present invention further com-
prises a low-refractive index layer formed on a principal
face of the first substrate closer to the viewer, the low-
refractive index layer having a refractive index lower than a
refractive index of the first substrate.

[0012] In a preferred embodiment, the liquid crystal dis-
play device according to the present invention further com-
prises a polarizing plate provided between the light source
and the side face of the first substrate, the polarizing plate
having a transmission axis which is substantially parallel to
the specific polarization direction.

[0013] In a preferred embodiment, the liquid crystal dis-
play device according to the present invention further com-
prises: a reflection plate provided on an opposite side from
the viewer with respect to the selective reflection layer; and
a polarizing plate provided between the selective reflection
layer and the reflection plate, the polarizing plate having a
transmission axis which is substantially parallel to the
specific polarization direction.

[0014] In a preferred embodiment, the selective reflection
layer internally includes a reflection film for selectively
reflecting light of the specific polarization direction.

[0015] In a preferred embodiment, at least part of the
reflection film is tilted with respect to the principal face of
the first substrate closer to the viewer.

[0016] In a preferred embodiment, the reflection film is a
transparent dielectric film or a dielectric multilayer film.

[0017] In a preferred embodiment, the liquid crystal dis-
play device according to the present invention further com-
prises: a light absorbing plate provided on an opposite side
from the viewer with respect to the selective reflection layer,
the light absorbing plate absorbing light leaking from the
selective reflection layer, wherein the light absorbing plate is
formed in such a manner that an optical absorbance of the
light absorbing plate increases in a direction from an end of
the light absorbing plate closer to the light source toward an
end of the light absorbing plate opposite from the light
source.

[0018] In a preferred embodiment, the light absorbing
plate is formed in such a manner that the optical absorbance
of the light absorbing plate gradually increases in the
direction.

[0019] In a preferred embodiment, the light absorbing
plate is formed in such a manner that the optical absorbance
of the light absorbing plate increases in a stepwise manner
in the direction.

[0020] In a preferred embodiment, the light absorbing
plate is formed with an increasing thickness, the thickness
increasing in the direction.
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[0021] In a preferred embodiment, the light absorbing
plate has, on a side closer to the selective reflection layer, a
surface having a light diffusing ability which becomes lower
in the direction.

[0022] In a preferred embodiment, the second substrate
has a non-overlapping region which does not overlap with
the first substrate when seen from a normal direction of the
liquid crystal layer, and the light source is disposed so as to
overlap the non-overlapping region of the second substrate.

[0023] A mobile electronic device according to the present
invention comprises a liquid crystal display device having
the aforementioned constitution. Thus, the aforementioned
objective is met.

[0024] A substrate for a liquid crystal display device
according to the present invention comprises: a base sub-
strate; a low-refractive index layer formed on one of two
principal faces of the base substrate, the low-refractive index
layer having a refractive index lower than a refractive index
of the base substrate; and a selective reflection layer pro-
vided on the other of the two principal faces of the base
substrate, the selective reflection layer selectively reflecting
light of a specific polarization direction. Thus, the afore-
mentioned objective is met.

[0025] In a preferred embodiment, the selective reflection
layer internally includes a reflection film for selectively
reflecting light of the specific polarization direction.

[0026] In a preferred embodiment, at least part of the
reflection film is tilted with respect to the one principal face
of the base substrate.

[0027] In a preferred embodiment, the reflection film is a
transparent dielectric film or a dielectric multilayer film.

[0028] According to the present invention, there are pro-
vided: a liquid crystal display device which can be made
thinner than conventionally; a mobile electronic device
incorporating the same; and a substrate for such a liquid
crystal display device.

[0029] 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

[0030] FIG. 1 is a cross-sectional view schematically
showing a liquid crystal display device 100 according to a
preferable embodiment of the present invention.

[0031] FIG. 2 is a diagram for explaining a preferable
thickness of a reflection film.

[0032] FIGS. 3A and 3B are upper plan views each
showing an exemplary shapes of reflection films.

[0033] FIGS. 4A and 4B are upper plan views each
showing other exemplary shapes of reflection films.

[0034] FIGS. 5A, 5B, 5C, and 5D are cross-sectional
views schematically showing steps of forming a selective
reflection layer.

[0035] FIGS. 6A, 6B, 6C, and 6D are cross-sectional
views schematically showing steps of forming a selective
reflection layer.
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[0036] FIG. 7 is a cross-sectional view schematically
showing a liquid crystal display device 200 according to a
preferable embodiment of the present invention.

[0037] FIG. 8 is a cross-sectional view schematically
showing a liquid crystal display device 300 according to a
preferable embodiment of the present invention.

[0038] FIG. 9 is a cross-sectional view schematically
showing a liquid crystal display device 400 according to a
preferable embodiment of the present invention.

[0039] FIG. 10 is a diagram for explaining a problem
occurring in the case where no light absorbing plate is
provided.

[0040] FIG. 11 is a cross-sectional view schematically
showing an example of a light absorbing plate comprised in
the liquid crystal display device 400.

[0041] FIG. 12 is a cross-sectional view schematically
showing another example of a light absorbing plate com-
prised in the liquid crystal display device 400.

[0042] FIG. 13 is a cross-sectional view schematically
showing a liquid crystal display device 500 according to a
preferable embodiment of the present invention.

[0043] FIG. 14 is a cross-sectional view schematically
showing the liquid crystal display device 200.

[0044] FIG. 15 is a cross-sectional view schematically
showing the liquid crystal display device 300.

[0045] FIG. 16 is a cross-sectional view schematically
showing the liquid crystal display device 500.

[0046] FIG. 17 is a cross-sectional view schematically
showing the liquid crystal display device 200.

[0047] FIG. 18 is a cross-sectional view schematically
showing the liquid crystal display device 300.

[0048] FIG. 19 is a cross-sectional view schematically
showing the liquid crystal display device 500.

[0049] FIG. 20 is a cross-sectional view schematically
showing the liquid crystal display device 200.

[0050] FIG. 21 is a cross-sectional view schematically
showing the liquid crystal display device 300.

[0051] FIG. 22 is a cross-sectional view schematically
showing the liquid crystal display device 500.

[0052] FIG. 23 is a cross-sectional view schematically
showing a liquid crystal display device comprising a com-
monly-used direct type backlight.

[0053] FIG. 24 is a cross-sectional view schematically
showing a liquid crystal display device comprising a com-
monly-used edge light type backlight.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0054] Hereinafter, preferred embodiments of the present
invention will be described with reference to the accompa-
nying drawings. However, the present invention is not to be
limited to the following embodiments.

[0055] FIG. 1 shows a liquid crystal display device 100
according to the present embodiment. The liquid crystal
display device 100 is a transmission-type liquid crystal
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display device comprising: a first substrate (e.g., a glass
substrate or a plastic substrate) 10; a second substrate (e.g.,
a glass substrate or a plastic substrate) 20 disposed on the
side of the first substrate 10 closer to the viewer; and a liquid
crystal layer 30 interposed therebetween. Hereinafter, the
first substrate 10, which is disposed on the rear face side of
the liquid crystal layer 30, will be referred to as the “rear
substrate”, whereas the second substrate 20, which is dis-
posed on the front face side (viewer side) of the liquid
crystal layer 30, will be referred to as the “front substrate”.

[0056] On a side edge of the rear substrate 10, a linear
source of light 2 is provided. The linear source of light 2
emits light toward a side face (light-entering surface) 10a of
the rear substrate 10. For example, the linear source of light
2 may be a cold-cathode tube, or a combination of a point
source of light (e.g., a light emitting diode (LED)) and a
linear light guiding member.

[0057] On a viewer-side principal face 105 of the rear
substrate 10 (i.e., one of the principal faces of the rear
substrate 10 that is closer to the liquid crystal layer 30), a
low-refractive index layer 12, which has a refractive index
lower than the refractive index of the rear substrate 10, is
formed. On the low-refractive index layer 12, electrodes for
applying a voltage across the liquid crystal layer 30, and an
alignment film (neither of which is shown) are further
formed.

[0058] On the other principal face 10c of the rear substrate
10 (ie., the principal face opposite from the viewer-side
principal face 10b), a selective reflection layer 14 for selec-
tively reflecting light of a specific polarization direction is
formed. As shown in FIG. 1, the selective reflection layer 14
in the present embodiment selectively reflects light whose
polarization direction is substantially parallel to the principal
faces 106 and 10c of the rear substrate 10 (i.c., light which
vibrates in a direction perpendicular to the plane of FIG. 1).

[0059] The selective reflection layer 14 internally includes
reflection films 15 which selectively reflect light of a specific
polarization direction. The reflection films 13 are tilted with
respect to the viewer-side principal face 10b of the rear
substrate 10. Each reflection film 15 is tilted so that one of
its ends that is farther from the light source 2 lies closer to
the rear substrate 10 than is the other end (i.e., the end closer
to the light source 2). The reflection films 15 may be, for
example, transparent dielectric films or dielectric multilayer
films.

[0060] On the principal face of the front substrate 20 that
is closer to the liquid crystal layer 30, electrodes for apply-
ing a voltage across the liquid crystal layer 30, and an
alignment film (neither of which is shown) are formed. A
polarizing plate 22 is provided on the viewer-side principal
face 200 of the front substrate 20.

[0061] The light which exits the light source 2 and enters
the rear substrate 10 at the light-entering surface 10a propa-
gates inside the rear substrate 10 and the selective reflection
layer 14 while repeating total reflection between the viewer-
side principal face lob of the rear substrate 10 and a face 14a
of the selective reflection layer 14 that is opposite from the
viewer side. The low-refractive index layer 12 is provided in
order to cause the light which propagates through the rear
substrate 10 and the selective reflection layer 14 to undergo
efficient total reflection at the viewer-side principal face 10b
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of the rear substrate 10. A portion of the light propagating
through the rear substrate 10 and the selective reflection
layer 14 is reflected by the reflection films 15 within the
selective reflection layer 14, so as to travel toward the
viewer side (i.c., toward the liquid crystal layer 30) and go
out from the viewer-side principal face 10b of the rear
substrate 10. Hereinafter, the viewer-side principal face 10b
of the rear substrate 10 may also be referred to as a
“light-outgoing surface”.

[0062] As described above, in the liquid crystal display
device 100 of the present embodiment, the selective reflec-
tion layer 14 is formed on the principal face 10c of the rear
substrate 10 that is opposite from the viewer side, and light
is allowed to enter into the rear substrate 10 from the light
source 2 located on a side edge of the rear substrate 10, so
that the rear substrate 10 functions in a manner similar to a
light guiding plate. Thus, as compared to the case where a
conventional edge light type backlight is employed, the
liquid crystal display device 100 can be made thinner due to
the omission of a light guiding plate. Since the selective
reflection layer 14 selectively reflects light of a specific
polarization direction, it is unnecessary to provide a separate
polarizing plate on the rear face side of the liquid crystal
layer 30, which makes further thinning possible.

[0063] Hereinafter, preferable constitutions for the low-
refractive index layer 12 and the selective reflection layer 14
will be described.

[0064] First, a preferable constitution for the low-refrac-
tive index layer 12 will be described. In order to cause
efficient light propagation within the rear substrate 10, the
difference between the refractive index of the low-refractive
index layer 12 and the refractive index of the rear substrate
10 should preferably be about 0.1 or more, and more
preferably about 0.18 or more. As the material of the
low-refractive index layer 12, for example, MgF, (refractive
index: about 1.38), perfluoro resin (refractive index: about
1.34), or silicon oxide (refractive index: about 1.3) can be
used.

[0065] Next, a preferable constitution for the selective
reflection layer 14 will be described.

[0066] Firstly, for empirical reasons, a tilt angle o (i.c., a
tilt angle with respect to the light-outgoing surface 10b) of
each reflection film 15 of the selective reflection layer 14 is
preferably no less than about 50° and no more than about
60°, and more preferably about 51°.

[0067] Next, the preferable thickness of the reflection
films 15, in the case where the reflection films 15 are
transparent dielectric films or dielectric multilayer films,
will be described.

[0068] As for polarization beam splitters which utilize
polarization dependence of reflectance of a dielectric mul-
tilayer film and light interference, it is known that, by
alternately stacking dielectric films having different refrac-
tive indices so as to have a thickness which satisfies the A/4
condition with respect to a specific wavelength A of light, it
is possible to prescribe a high reflectance for S-polarized
light while maintaining a low reflectance for P-polarized
light (see, for example, KYORITSU SHUPPAN CO., LTD.,
“optical thin film”, pp. 126 to 129). As for dielectric film
materials, various materials such as MgF,, Si0,, and Al,O5
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are known (see, for example, BAIFUKAN CO., LID,
“Ohyoh Butsurikohgaku Sensho 3, thin film” p. 203).

[0069] As for each reflection film 15 of the selective
reflection layer 14, too, it is possible to prescribe a high
reflectance for S-polarized light while maintaining a low
reflectance for P-polarized light, by forming a dielectric film
or a dielectric multilayer film so as to have a thickness which
satisfies the A/4 condition. Specifically, as shown in FIG. 2,
given an incident angle B of a principal ray L of the light
exiting the light source 2 and entering into the rear substrate
10 as taken with respect to the dielectric film (or dielectric
multilayer film) 15, it is preferable that a refraction angle y
of this principal ray with respect to the dielectric film 15, a
thickness d of the dielectric film 15, a refractive index n of
the dielectric film 15, and a refractive index n0 of the
portions of the selective reflection layer 14 excluding the
dielectric films 15 satisfy eq. 1 and eq. 2 below.

d=2/(4n-cos B) eq. 1
n0-sin P=n-sin y eq. 2
[0070] Given the fact that visible light has a wavelength

from about 380 nm to about 780 nm, it is preferable that the
thickness d of the dielectric film (or dielectric multilayer
film) 15 satisfies eq. 1' below.

380/(4n-cos B)=d=780/(4n-cos B) eq. 1'

[0071] The configuration (as seen from the normal direc-
tion of the liquid crystal layer 30) of the reflection films 15
may be arbitrary. For example, the reflection films 15 may
be formed in linear (stripe) shapes as shown in FIG. 3A, or
in islet (dot) shapes as shown in FIG. 3B.

[0072] With respect to the area of the light-outgoing
surface 10b of the rear substrate 10, the area of the reflection
films 15 as projected onto the light-outgoing surface 10b
may account for a constant proportion across the entire plane
of the light-outgoing surface 10b (as shown in FIGS. 3A
and 3B), or account for an increasing proportion as going
away from the light source 2 (as shown in FIGS. 4A and
4B). In the case where the reflection films 15 account for an
increasing proportion as going away from the light source 2,
the intensity distribution of the light going out from the
light-outgoing surface 106 can be made uniform. Alterna-
tively, as shown in FIGS. 4A and 4B, the reflection films 15
may be formed so as to increase in area as going away from
the light source 2 but maintain a constant repetition pitch, or
to have substantially the same area but decreasing repetition
pitches as going away from the light source 2.

[0073] Other than MgF,, SiO,, and Al,O, as mentioned
above, TiO, or ZrO, may also be used as the material of the
reflection films 15. Hereinafter, with reference to FIGS. 5A
to 5D, an exemplary method for forming the selective
reflection layer 14 will be described.

[0074] First, as shown in FIG. 5A, on a plate-like film 16
formed of a resin (e.g., ZEONOR® from ZEON CORPO-
RATION, which has a refractive index of 1.53), a plurality
of protrusions 17 each having a right-triangular cross section
are formed by using a resin (e.g., a UV-curable resin having
a refractive index of 1.53).

[0075] Next, as shown in FIG. 5B, on the slanted surface
of each protrusion 17 (i.e., the surface which is tilted with
respect to the principal faces of the plate-like film 16), a
dielectric material (e.g., TiO, having a refractive index of
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2.2 or ZrO, having a refractive index of 2.0) is vapor-
deposited via a mask 3, whereby the reflection films 15 are
formed.

[0076] Then, as shown in FIG. 5C, a material having
adhesiveness (e.g., a UV-curable resin or adhesive material
having a refractive index of 1.53) is applied so as to cover
the protrusions 17, thus forming an adhesion layer 18.

[0077] Thereafter, as shown in FIG. 5D, the adhesion
layer 18 is allowed to come in contact with the principal face
10c of the rear substrate (e.g., a glass substrate having a
refractive index of 1.52) 10, and the adhesion layer 18 is
allowed to cure, whereby the selective reflection layer 14 is
formed on the principal face 10c of the rear substrate 10.

[0078] Next, with reference to FIGS. 6A to 6D, another
exemplary method of forming the selective reflection layer
14 will be described.

[0079] First, as shown in FIG. 6A, by using a resin, a
plurality of protrusions 17 each having a right-triangular
cross section are formed on the plate-like film 16, which in
itself is also formed from a resin. Note that the protrusions
17 are disposed with predetermined intervals therebetween,
as opposed to the step shown in FIG. SA, where the
protrusions 17 are disposed on the film 16 with no inter-
spaces therebetween. The protrusions 17 are formed in such
a manner that the interval between adjoining protrusions 17
becomes smaller as going away from a light source 2 which
will later be disposed.

[0080] Next, as shown in FIG. 6B, a dielectric material is
vapor-deposited on the film 16 having the protrusions 17
formed thereon, thus forming the reflection films 15. At this
time, the reflection films 15 are formed on the slanted
surfaces of the protrusions 17 as well as on the portions of
the film 16 where no protrusions 17 are formed.

[0081] Then, as shown in FIG. 6C, a material having
adhesiveness is applied so as to cover the reflection films 15,
thus forming an adhesion layer 18.

[0082] Thereafter, as shown in FIG. 6D, the adhesion
layer 18 is allowed to come in contact with the principal face
10c of the rear substrate 10, and the adhesion layer 18 is
allowed to cure, whereby the selective reflection layer 14 is
formed on the principal face 10c of the rear substrate 10.

[0083] Each of the reflection films 15 of the selective
reflection layer 14 having been formed as described in
FIGS. 6A to 6D includes: a tilted region 152 which is tilted
with respect to the light-outgoing surface 10b of the rear
substrate 10; and a parallel region 15b which lies parallel to
the light-outgoing surface 10b. Among the two regions, it is
the tilted region 154 that causes the light propagating inside
the rear substrate 10 to be reflected toward the light-
outgoing surface 105 at an angle which does not satisfy the
total reflection condition, and therefore contributes to the
takeout of light from the light-outgoing surface 10b. In other
words, only the tilted regions 15a substantially function as
reflection films.

[0084] The formation steps shown in FIGS. 5A to 5D
require a mask 3 to control the positioning of the reflection
films 15. On the other hand, with the formation steps shown
in FIGS. 6A to 6D, it is possible to control the positioning
of the tilted regions 154 (which substantially function as
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reflection films) by merely adjusting the positioning of the
protrusions 17, and thus the formation steps are simplified.

[0085] Note that the selective reflection layer 14 which has
been formed as described above may have a low degree of
polarization as compared to a usual polarizing plate which is
formed by allowing a dichroic dye (such as iodine or a
dyestuff) to adsorb to a PVA film and then drawing the PVA
film. Therefore, from the standpoint of obtaining a high
contrast ratio, it may be effective to provide a further
polarizing plate in addition to the polarizing plate 22 which
is provided on the front substrate 20.

[0086] FIG. 7 shows a liquid crystal display device 200
which comprises a further polarizing plate. The liquid crys-
tal display device 200 differs from the liquid crystal display
device 100 shown in FIG. 1 in that a polarizing plate 42 and
a reflection plate 44 are provided on the rear face side of the
selective reflection layer 14.

[0087] As shown in FIG. 7, the liquid crystal display
device 200 includes a reflection plate 44 which is provided
on the opposite side of the selective reflection layer 14 from
the viewer, and a polarizing plate 42 which is provided
between the selective reflection layer 14 and the reflection
plate 44. The reflection plate 44 is formed from an Ag alloy
or Al, for example. The polarizing plate 42 is disposed in
such a manner that the transmission axis thereof is substan-
tially parallel to the polarization direction of light which has
been reflected by the selective reflection layer 14.

[0088] In the liquid crystal display device 100 shown in
FIG. 1, the reflection films 15 in the selective reflection
layer 14 are tilted so as to cause the light propagating
through the rear substrate 10 to be reflected toward the liquid
crystal layer 30. On the other hand, in the liquid crystal
display device 200, as shown in FIG. 7, the reflection films
15 in the selective reflection layer 14 are tilted so as to cause
the light propagating through the rear substrate 10 to be
reflected in the opposite direction from the liquid crystal
layer 30, ie., toward the polarizing plate 42.

[0089] In the liquid crystal display device 200 having the
aforementioned constitution, a portion of the light propa-
gating inside the rear substrate 10 and the selective reflection
layer 14 is reflected by the reflection films 15 in the selective
reflection layer 14 once in the opposite direction from the
liquid crystal layer 30, i.e., toward the polarizing plate 42,
and after being reflected from the reflection plate 44, travels
back through the polarizing plate 42 so as to go out from the
light-outgoing surface 10b.

[0090] In the liquid crystal display device 200, the light
which has been reflected by the selective reflection layer 14
travels through the polarizing plate 42 before entering the
liquid crystal layer 30, thus making it possible to obtain a
high contrast ratio even in the case where the selective
reflection layer 14 has a low degree of polarization.

[0091] However, in accordance with the constitution of the
liquid crystal display device 200, light which has been
reflected by the selective reflection layer 14 will travel
through the polarizing plate 42 twice before entering the
liquid crystal layer 30. As a result, the luminance may
decrease.

[0092] By adopting a constitution of a liquid crystal dis-
play device 300 as shown in FIG. 8, it becomes possible to
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suppress the decrease in luminance while obtaining a high
contrast ratio. The liquid crystal display device 300 differs
from the liquid crystal display device 100 shown in FIG. 1
in that a polarizing plate 46 is provided between the light
source 2 and a side face of the rear substrate 10. The
polarizing plate 46 has a transmission axis which is sub-
stantially parallel to the polarization direction of light which
has been reflected by the selective reflection layer 14.

[0093] In the liquid crystal display device 300, light exit-
ing the light source 2 is led through the polarizing plate 46
before entering the rear substrate 10, and therefore it is
possible to obtain a high contrast ratio even in the case
where the degree of polarization of the selective reflection
layer 14 itself is low. Moreover, in the liquid crystal display
device 300, the light exiting the light source 2 travels
through the polarizing plate 46 only once before entering the
liquid crystal layer 30. Therefore, the decrease in luminance
can be suppressed as compared to the liquid crystal display
device 200 shown in FIG. 7.

[0094] Note that, in the liquid crystal display device 300
shown in FIG. 8, the light exiting the light source 2 travels
through the polarizing plate 46 before entering the rear
substrate 10, and therefore enters the rear substrate 10 in the
form of linearly polarized light. Therefore, even if the
selective reflection layer 14 of the liquid crystal display
device 300 were replaced with a mere light-reflecting struc-
ture, i.., a structure which will reflect light toward the liquid
crystal layer at a predetermined angle regardless of its
polarization direction (e.g., a micro prism array), the liquid
crystal display device would still be possible to perform
display. However, the linearly polarized light entering the
rear substrate would be slightly depolarized while propagat-
ing through the rear substrate. Therefore, in such an alter-
native constitution, the depolarized component would also
be reflected toward the liquid crystal layer by the light-
reflecting structure, thus causing a decrease in the contrast
ratio. On the other hand, the liquid crystal display device 300
includes the selective reflection layer 14, and therefore is
able to suppress the decrease in contrast ratio associated
with any depolarization occurring during the propagation of
linearly polarized light through the rear substrate 10.
According to a study of the inventors, with the constitution
of the liquid crystal display device 300, it is possible to
achieve a contrast ratio which is about six times as large as
that obtained with a constitution in which the selective
reflection layer 14 of the liquid crystal display device 300 is
replaced with a mere light-reflecting structure.

[0095] FIG. 9 shows another liquid crystal display device
400 according to the present embodiment. The liquid crystal
display device 400 differs from the liquid crystal display
device 100 shown in FIG. 1 in that a light absorbing plate
4 is provided on the opposite side of the selective reflection
layer 14 from the viewer.

[0096] The light absorbing plate 4 is formed of a material
having a light absorbing ability, and absorbs light which
leaks from the selective reflection layer 14 (i.e., light which
goes out from the rear face of the selective reflection layer
14). The light absorbing plate 4 is formed in such a manner
that its optical absorbance increases in a direction D1 from
an end 4a closer to the light source 2 toward an end 4b
opposite from the light source 2.

[0097] Since the liquid crystal display device 400 includes
the light absorbing plate 4 whose optical absorbance
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increases in the direction D1, it is possible to improve the
contrast ratio as well as contrast ratio uniformity across the
display surface, thus enabling high-quality display (as will
be described below). Problems which may occur in the case
where the light absorbing plate 4 is not provided are
described below with reference to FIG. 10.

[0098] When light propagates through the rear substrate
10 and the selective reflection layer 14, any light that enters
the opposite side of the selective reflection layer 14 from the
viewer at an angle which does not satisfy the total reflection
condition may leak from the selective reflection layer 14.
The light leaking from the selective reflection layer 14 is
reflected by an object which is present at the rear face side
of the liquid crystal display panel (e.g., a case accommo-
dating the liquid crystal display panel and the like), and
again enters into the selective reflection layer 14. This
re-entering light goes out from the rear substrate 10 toward
the viewer side, thus lowering the contrast ratio. FIG. 10
schematically shows the light amounts of leak light from the
selective reflection layer 14 and the re-entering light, on the
basis of arrow lengths. As shown in FIG. 10, the light
amounts of the leak light and the re-entering light increase
as the light-guiding distance increases, i.c., as the distance
from the light source 2 increases. Therefore, the display
contrast ratio becomes lower in regions of the display
surface which are farther away from the light source 2. Thus,
the contrast ratio fluctuates within the display surface, thus
degrading the display quality.

[0099] On the other hand, the liquid crystal display device
400 shown in FIG. 9 includes the light absorbing plate 4 for
absorbing the leak light from the selective reflection layer
14, and therefore is able to reduce the amount of light
re-entering the selective reflection layer 14, thus improving
the contrast ratio. Furthermore, since the light absorbing
plate 4 is formed in such a manner that its optical absorbance
increases in the direction D1 from the end 4a closer to the
light source 2 toward the end 4b opposite from the light
source 2, fluctuations in the contrast ratio that are associated
with the leak light increasing with the light-guiding distance
are suppressed, whereby the contrast ratio uniformity across
the display surface can be improved. As a result, a high-
quality display is realized.

[0100] As the light absorbing plate 4, any plate-like mem-
ber which is formed from a material having a light absorbing
ability can be broadly used. The light absorbing plate 4 in the
present embodiment is a sheet of black resin material (e.g.,
PET in which a black pigment is dispersed). It will be
appreciated that the light absorbing plate is not limited
thereto, but may also be a Poron sheet or the like.

[0101] Forexample, as shown in FIG. 11, the light absorb-
ing plate 4 may be formed so as to have an increasing
thickness in the direction D1, so that its optical absorbance
increases in the direction D1.

[0102] Alternatively, as shown in FIG. 12, the light
absorbing plate 4 may be formed in such a manner that its
surface 4s opposing the selective reflection layer 14 has a
light diffusing ability, such that the light diffusing ability of
the surface 4s lowers in the direction D1. With this consti-
tution, too, the optical absorbance can be increased in the
direction D1. In the exemplary constitution shown in FIG.
12, a light diffusing layer 44 is formed on a base 4c, thus
conferring a light diffusing ability to the surface 4s of the
selective reflection layer 14. As the base 4c, a sheet of black
resin material may be used, for example. The light diffusing
layer 4d includes a plurality of regions having different light
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diffusing abilities, such that regions which are farther away
from the light source 2 have lower light diffusing abilities
(i.e., lower backscattering abilities for light from the selec-
tive reflection layer 14). In FIG. 12, regions of different light
diffusing abilities are indicated with different hatchings. The
light diffusing layer 4d can be formed by, for example,
subjecting an upper layer of a base formed from a black resin
material to a blast treatment (a surface-roughening treatment
in which a minute particulate abrasive is blown against the
surface). The light diffusing ability of the light diffusing
layer 4d can be evaluated in terms of haze values.

[0103] In the exemplary constitution shown in FIG. 11,
the light absorbing plate 4 becomes gradually thicker in the
direction D1, so that the optical absorbance of the light
absorbing plate 4 gradually increases in the direction D1. On
the other hand, in the exemplary constitution shown in FIG.
12, the light diffusing ability of the surface 4s of the light
absorbing plate 4 decreases in a stepwise manner in the
direction D1, so that the optical absorbance of the light
absorbing plate 4 increases in a stepwise manner in the
direction D1. Although the contrast ratio uniformity across
the display surface can be sufficiently improved with the
constitution which realizes stepwise increases in the optical
absorbance in the direction D1, the constitution in which the
optical absorbance of the light absorbing plate 4 gradually
increases in the direction D1 can provide a further improved
contrast ratio uniformity.

[0104] Tt will be appreciated that the constitution of the
light absorbing plate 4 is not limited to those shown in
FIGS. 11 and 12. For example, the thickness of the light
absorbing plate 4 may have stepwise increases in the direc-
tion D1, or the light diffusing ability of the surface 4s of the
light absorbing plate 4 may be gradually lowered in the
direction D1. Further alternatively, the thickness of the light
absorbing plate 4 and the light scattering ability of the
surface 4s of the light absorbing plate 4 may both be varied
in the direction D1.

[0105] From the standpoint of obtaining an even higher
contrast ratio, a further polarizing plate may be provided
together with the light absorbing plate 4, similarly to the
liquid crystal display device 300 shown in FIG. 8.

[0106] FIG. 13 shows a liquid crystal display device 500
which comprises a further polarizing plate in addition to the
light absorbing plate 4. The liquid crystal display device 500
differs from the liquid crystal display device 400 shown in
FIG. 9 in that a polarizing plate 46 is provided between the
light source 2 and a side face of the rear substrate 10. The
polarizing plate 46 has a transmission axis which is sub-
stantially parallel to the polarization direction of light which
has been reflected by the selective reflection layer 14.

[0107] In the liquid crystal display device 400, light exit-
ing the light source 2 travels through the polarizing plate 46
before entering the rear substrate 10, and therefore it is
possible to obtain a high contrast ratio even in the case
where the degree of polarization of the selective reflection
layer 14 itself is low. Moreover, since the polarizing plate 46
is provided between the light source 2 and a side face 10a
of the rear substrate 10, the addition of the polarizing plate
46 introduces no increase in the thickness of the display
device.

[0108] Hereinafter, results of contrast ratio measurements
for the liquid crystal display device 500 shown in FIG. 13
will be described, where light absorbing plates 4 of various
constitutions were produced and used. Note that the follow-
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ing results are all directed to the case where the light-guiding
distance in the rear substrate 10 is 4 cm. In the following
Tables 1 to 5, the contrast ratio at the end of the display
surface closer to the light source 2 is defined as 100%.

[0109] Table 1 illustrates a case where a light absorbing
plate 4 formed from a black PET had thicknesses of: 25 um
at the end closer to the light source 2; 50 um in the central
portion; and 100 um at the opposite end from the light source
2 (Example 1). In this case, a contrast ratio of 99% was
obtained in the central portion of the display surface,
whereas a contrast ratio of 98% was obtained at the opposite
end of the display surface from the light source 2, thus
indicating that the contrast ratio uniformity across the dis-
play surface was sufficiently enhanced.

TABLE 1
Example 1
opposite end
end closer to central from light
light source portion source
thickness of 25 um 50 pm 100 pm
light absorbing
plate
contrast ratio 100% 99% 98%
[0110] Table 2 illustrates a case where a light absorbing

plate 4 formed from a black PET had thicknesses of: 50 um
at the end closer to the light source 2; 75 um in the central
portion; and 100 um at the opposite end from the light source
2 (Example 2). In this case, a contrast ratio of 97% was
obtained in the central portion of the display surface,
whereas a contrast ratio of 95% was obtained at the opposite
end of the display surface from the light source 2, thus
indicating that the contrast ratio uniformity across the dis-
play surface was sufficiently enhanced.

TABLE 2
Example 2
opposite end
end closer to central from light
light source portion source
thickness of 50 um 75 um 100 ym
light absorbing
plate
contrast ratio 100% 97% 95%
[0111] On the other hand, Table 3 illustrates a case where

a light absorbing plate formed from a black PET had a
constant thickness of 25 um at the end closer to the light
source, in the central portion, and at the opposite end from
the light source (Comparative Example 1). In this case, a
contrast ratio of 95% was obtained in the central portion of
the display surface, whereas a contrast ratio of 90% was
obtained at the opposite end of the display surface from the
light source, thus failing to sufficiently enhance the contrast
ratio uniformity across the display surface. Furthermore,
other light absorbing plates, each having a constant thick-
ness of 50 um, 75 um, or 100 um, were produced similarly
to Comparative Example 1 and evaluated. These light
absorbing plates also showed poor contrast ratio uniformity.
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TABLE 3

Comparative Example 1

opposite end

end closer to central from light
light source portion source
thickness of 25 um 25 um 25 um
light absorbing
plate
contrast ratio 100% 95% 90%
[0112] Table 4 illustrates a case where a base 4¢ formed

from a black PET had a constant thickness of 100 um, and
a light diffusing layer 4d formed by subjecting the surface of
the base 4c¢ to a blast treatment had haze values of: 10% at
the end closer to the light source 2; 5% in the central portion;
and 0% at the opposite end from the light source 2 (Example
3). In this case, a contrast ratio of 99% was obtained in the
central portion of the display surface, whereas a contrast
ratio of 98% was obtained at the opposite end of the display
surface from the light source 2, thus indicating that the
contrast ratio uniformity across the display surface was
sufficiently enhanced.

TABLE 4
Example 3
opposite end
end closer to central from light
light source portion source
thickness of 100 pum 100 pm 100 pm
base
haze value of 10% 5% 0%
light diffusing
layer
contrast ratio 100% 99% 98%
[0113] On the other hand, Table 5 illustrates a case where

a base formed from a black PET had a constant thickness of
100 um, and a light diffusing layer formed by subjecting the
surface of the base to a blast treatment had a constant haze
value of 10% at the end closer to the light source, in the
central portion, and at the opposite end from the light source
(Comparative Example 2). In this case, a contrast ratio of
90% was obtained in the central portion of the display
surface, whereas a contrast ratio of 82% was obtained at the
opposite end of the display surface from the light source,
thus failing to sufficiently enhance the contrast ratio unifor-
mity across the display surface.

TABLE 5

Comparative Example 2

opposite end

end closer to central from light
light source portion source
thickness of 100 um 100 um 100 um
base
haze value of 10% 10% 10%
light diffusing
layer
contrast ratio 100% 90% 82%
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[0114] Next, taking the liquid crystal display devices 200,
300, and 500 as examples, specific structures for affixing the
linear source of light 2 and the liquid crystal display panel
will be described. In the figures referred to below, some of
the constituent elements of the liquid crystal display devices
200, 300, and 500 are omitted from illustration.

[0115] First, as shown in FIGS. 14, 15, and 16, a retention
member (e.g., a holder made of polycarbonate) 52 may be
used to affix the linear source of light 2 and the liquid crystal
display panel (and further the polarizing plate 46).

[0116] Asshownin FIGS. 17,18, and 19, the linear source
of light 2 and the liquid crystal display panel (and further the
polarizing plate 46) may be fitted into a bezel 54, thus
affixing the linear source of light 2 and the liquid crystal
display panel. FIGS. 17, 18, and 19 each illustrate a case
where, in order to allow the liquid crystal display panel to be
fitted into the bezel 54, the panel is cut in such a manner that
the end of the rear substrate 10 closer to the light source 2
protrudes from the end of the front substrate 20 closer to the
light source 2 (e.g., by about 1 mm).

[0117] Furthermore, from the standpoint of saving space,
as shown in FIGS. 20, 21, and 22, the linear source of light
2 may be disposed so as to overlap the front substrate 20.
The constitutions shown in FIGS. 20, 21, and 22 are similar
to the constitutions shown in FIGS. 17, 18, and 19 in that a
bezel 54 is used to affix the linear source of light 2 and the
liquid crystal panel, but differ therefrom in that the linear
source of light 2 is disposed so as to overlap a portion of the
front substrate 20, i.e., a region 20R (referred to as a
“pon-overlapping region”) which does not overlap with the
rear substrate 10 when seen from the normal direction of the
liquid crystal layer 30.

[0118] The non-overlapping region 20R of the front sub-
strate 20 is a region where terminals and the like for
connecting the liquid crystal display panel to external cir-
cuitry are to be provided. By disposing the linear source of
light 2 so as to overlap this non-overlapping region 20R, it
becomes possible to enhance space utility. In the case where
the linear source of light 2 includes LEDs or the like, such
elements may in fact be formed on the non-overlapping
region 20R of the front substrate 20.

[0119] As has been described above, the liquid crystal
display devices according to the present embodiment are
easy to be made thin, and can be suitably used for mobile
electronic devices such as mobile phones and PDAs.

[0120] Although the present embodiment illustrates the
present invention by taking transmission-type liquid crystal
display devices as examples, the present invention is not
limited thereto. The present invention is also suitably used
for transmission/reflection combination type liquid crystal
display devices.

[0121] Although the present embodiment illustrates selec-
tive reflection layers 14 which selectively reflect light whose
polarization direction is substantially parallel to the principal
faces 10b and 10c of the rear substrate 10, the present
invention is not limited thereto. A constitution in which light
of another polarization direction is selectively reflected may
be adopted. The directions of the transmission axes of the
polarizing plates 42 and 46 are to be set so as to substantially
coincide with the polarization direction of the light reflected
by the selective reflection layer 14.
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[0122] Furthermore, the present embodiment illustrates
selective reflection layers 14 that internally include reflec-
tion films 15, which may be transparent dielectric films or
dielectric multilayer films. However, any layer that is able to
selectively reflect light of a specific polarization direction
can be broadly used as the selective reflection layer 14. The
selective reflection layers 14 illustrated in the present
embodiment can be produced through simple production
processes, and are able to provide a large difference between
the reflectance for P-polarized light and the reflectance for
S-polarized light such that the reflectance for S-polarized
light is higher.

[0123] According to the present invention, there are pro-
vided a liquid crystal display device which can be made
thinner than conventionally, and a substrate for such a liquid
crystal display device.

[0124] The liquid crystal display device according to the
present invention can be suitably used for various electronic
devices, and particularly suitably used for mobile electronic
devices such as mobile phones and PDAs.

[0125] While the present invention has been described
with respect to preferred embodiments thereof, it will be
apparent to those skilled in the art that the disclosed inven-
tion may be modified in numerous ways and may assume
many embodiments other than those specifically described
above. Accordingly, it is intended by the appended claims to
cover all modifications of the invention that fall within the
true spirit and scope of the invention.

[0126] This non-provisional application claims priority
under 35 USC §119(a) on Patent Applications No. 2004-
269825 filed in Japan on Sep. 16, 2004 and No. 2004-
277148 filed in Japan on Sep. 24, 2004, the entire contents
of which are hereby incorporated by reference.

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

a first substrate;

a second substrate disposed so as to be closer to a viewer
than the first substrate is;

a liquid crystal layer provided between the first substrate
and the second substrate;

a light source provided by a side of the first substrate, the
light source emitting light toward a side face of the first
substrate; and

a selective reflection layer formed on a principal face of
the first substrate opposite from the viewer, the selec-
tive reflection layer selectively reflecting light of a
specific polarization direction.

2. The liquid crystal display device of claim 1, further
comprising a low-refractive index layer formed on a prin-
cipal face of the first substrate closer to the viewer, the
low-refractive index layer having a refractive index lower
than a refractive index of the first substrate.

3. The liquid crystal display device of claim 1, further
comprising a polarizing plate provided between the light
source and the side face of the first substrate, the polarizing
plate having a transmission axis which is substantially
parallel to the specific polarization direction.

4. The liquid crystal display device of claim 1, further
comprising:
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a reflection plate provided on an opposite side from the
viewer with respect to the selective reflection layer; and

a polarizing plate provided between the selective reflec-
tion layer and the reflection plate, the polarizing plate
having a transmission axis which is substantially par-
allel to the specific polarization direction.

5. The liquid crystal display device of claim 1, wherein
the selective reflection layer internally includes a reflection
film for selectively reflecting light of the specific polariza-
tion direction.

6. The liquid crystal display device of claim 5, wherein at
least part of the reflection film is tilted with respect to the
principal face of the first substrate closer to the viewer.

7. The liquid crystal display device of claim 5, wherein
the reflection film is a transparent dielectric film or a
dielectric multilayer film.

8. The liquid crystal display device of claim 1, further
comprising;

a light absorbing plate provided on an opposite side from
the viewer with respect to the selective reflection layer,
the light absorbing plate absorbing light leaking from
the selective reflection layer,

wherein the light absorbing plate is formed in such a
manner that an optical absorbance of the light absorb-
ing plate increases in a direction from an end of the
light absorbing plate closer to the light source toward
an end of the light absorbing plate opposite from the
light source.

9. The liquid crystal display device of claim 8, wherein
the light absorbing plate is formed in such a manner that the
optical absorbance of the light absorbing plate gradually
increases in the direction.

10. The liquid crystal display device of claim 8, wherein
the light absorbing plate is formed in such a manner that the
optical absorbance of the light absorbing plate increases in
a stepwise manner in the direction.

11. The liquid crystal display device of claim 8, wherein
the light absorbing plate is formed with an increasing
thickness, the thickness increasing in the direction.

Mar. 16, 2006

12. The liquid crystal display device of claim 8, wherein
the light absorbing plate has, on a side closer to the selective
reflection layer, a surface having a light diffusing ability
which becomes lower in the direction.

13. The liquid crystal display device of claim 1, wherein
the second substrate has a non-overlapping region which
does not overlap with the first substrate when seen from a
normal direction of the liquid crystal layer, and the light
source is disposed so as to overlap the non-overlapping
region of the second substrate.

14. A mobile electronic device comprising the liquid
crystal display device of claim 1.

15. A substrate for a liquid crystal display device, com-
prising:

a base substrate;

a low-refractive index layer formed on one of two prin-
cipal faces of the base substrate, the low-refractive
index layer having a refractive index lower than a
refractive index of the base substrate; and

a selective reflection layer provided on the other of the
two principal faces of the base substrate, the selective
reflection layer selectively reflecting light of a specific
polarization direction.

16. The liquid crystal display device of claim 15, wherein
the selective reflection layer internally includes a reflection
film for selectively reflecting light of the specific polariza-
tion direction.

17. The liquid crystal display device of claim 16, wherein
at least part of the reflection film is tilted with respect to the
one principal face of the base substrate.

18. The liquid crystal display device of claim 16, wherein
the reflection film is a transparent dielectric film or a
dielectric multilayer film.
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