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LIQUID-CRYSTAL DISPALY DEVICE

[0001] The present application is based on Japanese Patent
Applications Nos. 2001-251282, 2001-251283 and 2001-
251284, which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid-crystal
display device which is easy to reduce thickness and weight
and excellent in display quality and which can be used both
in an external light mode and in an illumination mode.

[0004] 2. Description of the Related Art

[0005] A liquid-crystal display device which includes a
semi-transmission reflection layer such as a half mirror and
which can be used both in an external light mode and in an
illumination mode has become popular widely in a portable
apparatus such as a portable personal computer or a cellular
phone. Reduction in weight achieved by reduction in size
and thickness of the portable apparatus has been strongly
demanded in order to improve its portability more greatly
There 1s, however, the actual situation that reduction in
thickness and weight of the device as a whole has reached
its practical limit because even in the case where a related-
art side light type light pipe excellent in thinness is used in
a backlight unit to obtain good visibility in an illumination
mode, the thickness of the backlight unit is generally not
smaller than 2 mm.

[0006] In consideration of such circumstances, there has
been proposed a reflective liquid-crystal display device
which can be used both in an external light mode and in an
illumination mode and in which light is made incident on a
side surface of a liquid-crystal display panel having a light
output means-including optical film provided on a visual
side surface of a liquid-crystal cell so that transmitted light
in the panel is reflected by the light output means to
illuminate the panel (Unexamined Japanese Patent Publica-
tion No. 2000-147499). This proposal is made so that a
system for illuminating the liquid-crystal display panel can
be put into practice by use of the optical film far thinner than
the side light type light pipe to thereby achieve reduction in
thickness and weight of the device.

[0007] There is, however, a problem that display lumi-
nance is low because the efficiency of incidence of light on
a side surface of the panel is lowered remarkably with the
reduction in thickness of cell substrates carried out in the
recent years. There is also a problem that it is difficult to
make the distribution of luminance uniform when the trans-
mission distance of light in the direction of the side surface
is long compared with the thickness of the cell substrates,
that is, when the area of the cell substrates is relatively large.
These problems arise also in the liquid-crystal display
device which includes a semi-transmission reflection layer
and which can be used both in an external light mode and in
an illumination mode.

SUMMARY OF THE INVENTION

[0008] An object of the invention is to develop a semi-
transmission reflection layer-including liquid-crystal display
device which can be used both in an external light mode and
in an illumination mode and in which reduction in thickness

Mar. 6, 2003

and weight regarded as being hardly achieved by a side light
type light pipe can be put into practice while the device is
excellent in display luminance and its uniformity and good
in display quality.

[0009] The invention provides a liquid-crystal display
device having: a liquid-crystal display panel; a light source
disposed on at least one side surface of the liquid-crystal
display panel; and an optical path control layer, the liquid-
crystal display panel including a liquid-crystal cell, the
liquid-crystal cell having a back side substrate, a visual side
substrate, and liquid crystal, the back side substrate at least
having a transparent substrate, a low-refractive-index trans-
parent layer lower in refractive index than the transparent
substrate, and a semi-transmission reflection layer transmit-
ting a part of light while reflecting the other part of light, the
visual side substrate at least having a transparent substrate
and a transparent electrode, the liquid crystal being held
between the back side substrate and the visual side substrate
arranged so that electrode sides of the two substrates are
opposite to each other with respect to the liquid crystal, the
optical path control layer being provided at least on an outer
side of the back side substrate, the optical path control layer
having a plurality of optical path changing slopes inclined at
an inclination angle of from 35 to 48 degrees with respect to
a reference plane of the back side substrate, the optical path
control layer having a refractive index higher than that of the
low-refractive-index transparent layer in the back side sub-
strate.

[0010] Another low-refractive-index transparent layer
lower in refractive index than the transparent substrate may
be provided in the visual side substrate. Light sources may
be disposed on at least two side surfaces of the liquid-crystal
display panel. In addition, the light sources are disposed on
side surfaces of the back side substrate and the visual side
substrate and at least on side surfaces of the liquid-crystal
display panel which are different from each other. Further,
another optical path control layer may be provided also on
an outer side of the visual side substrate.

[0011] According to the invention, a backlight mechanism
can be formed by the light source disposed on side surfaces
and the optical path control layer excellent in thinness.
While incident light from the light source(s) disposed on the
side surface of the panel is transmitted toward the opposite
side surface (s) efficiently through the insides of the visual
side and back side substrates or the inside of one of visual
side and back side substrates, the optical path of the trans-
mitted light is changed efficiently to the visual side of the
liquid-crystal display panel by the optical path control
layer(s) disposed on the back side or on the visual side and
on the back side respectively. Hence, the transmitted light
can be utilized for liquid-crystal display in an illumination
mode. Liquid-crystal display in an external light mode can
be also achieved by the semi-transmission reflection layer.
In this manner, there can be obtained a liquid-crystal display
device which can be used both in an external light mode and
in an illumination mode and which is excellent in reduction
in thickness and weight, excellent in brightness and its
uniformity and excellent in display quality.

[0012] The display device is obtained by use of the
low-refractive-index transparent layer(s) provided in the
only back side or both of visual side and back side cell
substrates respectively, the slope-reflection type optical path
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control layer(s) and the semi-transmission reflection layer.
That is, light incident on side surfaces or one side of the
panel can be transmitted toward the opposite side surface(s)
efficiently by the confinement effect due to total reflection
based on the low-refractive-index transparent layers. Hence,
uniformity of brightness in a display screen as a whole is
improved, so that good display quality can be achieved. If
there is no low-refractive-index transparent layer, display is
not easy to view because backward transmission efficiency
is so low that the display screen becomes darker as the
position on the display screen becomes farther from the light
source(s).

[0013] On the other hand, light incident on the side
surface(s) or transmitted light thereof is reflected by the
optical path changing slopes of the optical path control
layer(s) so that the optical path of the light can be changed
with good directivity by the optical path control layer(s).
Hence, reduction in thickness can be achieved. If a method
of scatter reflection through a rough surface or the like is
used, it is difficult to achieve such directivity. Moreover,
because the optical path control layer(s) are used in combi-
nation with the liquid-crystal display panel, each of the
optical path control layer(s) can be provided as very thin
light output means which can be hardly achieved by use of
the related-art side light type light pipe. Incidentally, it is
possible to form optical path control layer(s) each having a
thickness of not larger than 200 um, particularly not larger
than 100 gm.

[0014] On the other hand, use of the semi-transmission
reflection layer permits balance between its transmittance
and its reflectance to be kept to thereby achieve liquid-
crystal display excellent in brightness both in an illumina-
tion mode and in an external light mode.

[0015] Features and advantages of the invention will be
evident from the following detailed description of the pre-
ferred embodiments described in conjunction with the
attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] In the accompanying drawings:

[0017] FIG. 1 is an explanatory sectional view of a
liquid-crystal display device according to an embodiment of
the invention;

[0018] FIG. 2 is an explanatory sectional view of a
liquid-crystal display device according to another embodi-
ment of the invention;

[0019] FIG. 3 is an explanatory sectional view of a
liquid-crystal display device according to still another
embodiment of the invention;

[0020] FIG. 4 is an explanatory sectional view of a
liquid-crystal display device according to still embodiment
of the invention;

[0021] FIG. 5 is an explanatory sectional view of a
liquid-crystal display device according to still another
embodiment of the invention;

[0022] FIGS. 6A to 6E are explanatory side views show-
ing light output means in optical path control layer;

[0023] FIG. 7 is an explanatory perspective view of a
liquid-crystal display device according to another embodi-
ment of the invention;
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[0024] FIG. 8 is an explanatory perspective view of a
liquid-crystal display device according to a further embodi-
ment of the invention;

[0025] FIG. 9 is an explanatory side view showing an
example of the optical path control layer;

[0026] FIG. 10 is an explanatory side view showing
another example of the optical path control layer;

[0027] FIG. 11 is an explanatory perspective view of a
liquid-crystal display device according to another embodi-
ment of the invention;

[0028] FIG. 12 is an explanatory perspective view of a
liquid-crystal display device according to a further embodi-
ment of the invention;

[0029] FIG. 13 is an explanatory perspective view of a
liquid-crystal display device according to a further embodi-
ment of the invention; and

[0030] FIG. 14 is an explanatory perspective view of a
liquid-crystal display device according to a still further
embodiment of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0031] A liquid-crystal display device according to the
present invention has: a liquid-crystal display panel; a light
source disposed on at least one side surface of the liquid-
crystal display panel; and an optical path control layer, the
liquid-crystal display panel including a liquid-crystal cell,
the liquid-crystal cell having a back side substrate, a visual
side substrate, and liquid crystal, the back side substrate at
least having a transparent substrate, a low-refractive-index
transparent layer lower in refractive index than the trans-
parent substrate, and a semi-transmission reflection layer
transmitting a part of light while reflecting the other part of
light, the visual side substrate at least having a transparent
substrate and a transparent electrode, the liquid crystal being
held between the back side substrate and the visual side
substrate arranged so that electrode sides of the two sub-
strates are opposite to each other with respect to the liquid
crystal, the optical path control layer being provided at least
on an outer side of the back side substrate, the optical path
control layer having a plurality of optical path changing
slopes inclined at an inclination angle of from 35 to 48
degrees with respect to a reference plane of the back side
substrate, the optical path control layer having a refractive
index higher than that of the low-refractive-index transpar-
ent layer in the back side substrate.

[0032] Hereupon, another low-refractive-index transpar-
ent layer lower in refractive index than the transparent
substrate may be provided in the visual side substrate. Light
sources may be disposed on at least two side surfaces of the
liquid-crystal display panel. In addition, the light sources
may be disposed on side surfaces of the back side substrate
and the visual side substrate and at least on side surfaces of
the liquid-crystal display panel which are different from
each other. Further, another optical path control layer may be
provided also on an outer side of the visual side substrate.

[0033] FIGS. 1 to 5 show examples of the liquid-crystal
display device. The reference numeral 1 designates a liquid-
crystal display panel; 4 and 41, optical path control layers;
Al and Bl1, optical path changing slopes; 10, a back side
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transparent substrate; 11 (115), a semi-transmission reflec-
tion layer which may serve also as an electrode; 14, a
low-refractive-index transparent layer; 20, a visual side
transparent substrate; 21, a transparent electrode; 24, a
low-refractive-index transparent layer; 30, liquid crystal;
and 5 and 52, light sources. Incidentally, the reference
numerals 12 and 22 designate oriented films; 15 and 25,
polarizers; 16 and 26, phase retarders; 23, a color filter; and
6, a light reflecting layer.

[0034] As shown in the drawings, the liquid-crystal dis-
play panel 1 includes a liquid-crystal cell having a back side
substrate (10), a visual side substrate (20), and liquid crystal
30. The back side substrate (10) at least has a transparent
substrate 10, a low-refractive-index transparent layer 14
lower in refractive index than the transparent substrate, and
a semi-transmission reflection layer (electrode) 11 transmit-
ting a part of light while reflecting the other part of the light.
The visual side substrate (20) at least has a transparent
substrate 20, and a transparent electrode 21, especially,
further including a low-refractive-index transparent layer 24
lower in refractive index than the transparent substrate in the
devices shown in FIGS. 3 to 5. The liquid crystal 30 is held
between the back side substrate (10) and the visual side
substrate (20) arranged so that the electrodes 11 and 21 of
the two substrates are opposite to each other with respect to
the liquid crystal 30. As the liquid-crystal display panel 1, it
is possible to use a suitable one that light incident on the
back side emerges as display light from the visual side
through control of the liquid crystal. The liquid-crystal
display panel 1 is not particularly limited in kind. Inciden-
tally, in FIG. 1, the reference numeral 31 designates a
sealing material for enclosing the liquid crystal 30 between
the transparent substrates 10 and 20.

[0035] Specific examples of the liquid-crystal cell on the
basis of the aligning format of liquid crystal include: a
twisted or non-twisted liquid-crystal cell such as a TN
liquid-crystal cell, an STN liquid-crystal cell, a vertically
aligned cell, an HAN cell or an OCB cell; a guest-host
liquid-crystal cell; a ferroelectric liquid-crystal cell; and a
liquid-crystal cell using light diffusing. In addition, as the
system for driving the liquid crystal, for example, a suitable
drive system such as an active matrix system or a passive
matrix system may be used.

[0036] A transparent substrate is used as each of the visual
side and back side cell substrates in order to allow illumi-
nation light or display light to be transmitted through the
transparent substrate. The transparent substrate can be made
of any suitable material such as glass or resin. Particularly,
the transparent substrate may be preferably made of an
optically isotropic material from the point of view of sup-
pressing birefringence as much as possible to reduce light
loss. Further, a material excellent in colorlessness and trans-
parency, such as a non-alkali glass plate as against a blue
glass plate, is preferably used from the point of view of
improvement in luminance and display quality. Further, a
resin substrate is preferably used from the point of view of
reduction in weight.

[0037] The low-refractive-index transparent layer pro-
vided in the back side substrate or each of the back side and
visual side substrates is provided for improving uniformity
of brightness on the whole display screen. That is, when the
low-refractive-index transparent layer is provided as a layer
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lower in refractive index than the transparent substrate
constituting the back side or visual side substrate, and when
incident light from the light source § or 52 is transmitted
through the back side substrate 10 or the visual side substrate
20 as represented by the broken arrow  in FIG. 1; p1, p2,
B3 or p4 in FIGS. 3 and 4; p1 or 2 in FIG. 5, the
transmitted light is totally reflected on the basis of the
refractive index difference between the back side substrate
10 and the transparent layer 14 or between the visual side
substrate 20 and the transparent layer 24 so that the trans-
mitted light can be confined in the back side or visual side
substrate efficiently

[0038] As aresult, the transmitted light can be transmitted
toward opposite side surfaces (backward) efficiently, so that
the transmitted light can be supplied uniformly to the optical
path changing slopes Al and B1 of the optical path control
layers 4 and 41 even in positions far from the light sources
respectively to thereby improve uniformity of brightness on
the whole display screen on the basis of change of the optical
path of the light through reflection by the slopes as repre-
sented by the broken arrows o in FIG. 1; a1, a2, o3 and o4
in FIGS. 3 and 4; a1 and o2 in FIG. 5.

[0039] The low-refractive-index transparent layers are
also effective in preventing reduction or unevenness of the
transmitted light due to partial variation in the transmission
state of the light generated when the transmitted light is
made incident on the liquid-crystal layer and subjected to
birefringence and scattering. That is, the low-refractive-
index transparent layers can prevent display from becoming
dark. The low-refractive-index transparent layers are further
effective in preventing deterioration of display quality from
being caused by back ghosting of the display near the light
sources.

[0040] When a color filter or the like is disposed, corre-
sponding one of the low-refractive-index transparent layers
is further effective in preventing the color filter from absorb-
ing the transmitted light so as to prevent rapid attenuation of
the transmitted light and avoid reduction of the transmitted
light. If incident light from the light sources is transmitted
through the liquid-crystal layer, there is a tendency that the
transmitted light is scattered by the liquid-crystal layer to
form an uneven transmission state to bring unevenness of
emergent light or ghosting to make a display image difficult
to view

[0041] Each of the low-refractive-index transparent layers
may be made of a suitable material such as an inorganic or
organic low-refractive-index dielectric having a refractive
index lower than that of the transparent substrate constitut-
ing the back side or visual side substrate. Each of the
low-refractive-index transparent layers can be formed by a
suitable method such as a vacuum vapor deposition method
or a spin coating method. The material and method for
forming the low-refractive-index transparent layers are not
particularly limited. From the point of view of achieving
efficiency of backward transmission through total reflection
as described above, the refractive index difference between
the transparent layer and the transparent substrate is prefer-
ably selected to be as large as possible. It is preferable that
the refractive index difference is particularly not smaller
than 0.05, more particularly in a range of from 0.1 to 0.4.

[0042] When the refractive index difference is in the
preferred range, the refractive index difference has little
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influence on display quality in an external light mode.
Incidentally, when the refractive index difference is 0.1,
external light reflectance in the interface between the trans-
parent layer and the transparent substrate is not larger than
0.1% and lowering in brightness or contrast due to reflection
loss is extremely small.

[0043] The positions of arrangement of the low-refractive-
index transparent layers can be determined suitably. The
low-refractive-index transparent layers may be preferably
located between the transparent substrate 10 and the semi-
transmission reflection layer 11 and between the transparent
substrate 20 and the transparent electrode 21 respectively as
shown in FIG. 1 in order to attain the transmitted light
confinement effect and to prevent the transmitted light from
entering the liquid-crystal layer. When a color filter 23 is
disposed between the transparent substrate 10 and the semi-
transmission reflection layer 11 or between the transparent
substrate 20 and the transparent electrode 21, corresponding
one of the low-refractive-index transparent layers may be
preferably located nearer the transparent substrate 10 or 20
than the color filter in order to prevent absorption loss of the
transmitted light from being caused by the color filter.
Therefore, the low-refractive-index transparent layers 14
and 24 are generally provided directly on the back side
transparent substrate 10 and the visual side transparent
substrate 20 respectively.

[0044] On this occasion, it is preferable that the surface of
the substrate to which the transparent layer is attached is as
smooth as possible. That is, it is preferable that the trans-
parent layer is as smooth as possible in order to prevent
scattering of the transmitted light favorably and from the
point of view of preventing influence on display light.
Incidentally, from this point of view, the color filter 23 is
generally preferably located on the visual side substrate 20
side as shown in drawings.

[0045] The thickness of each of the low-refractive-index
transparent layers is preferably selected to be larger in order
to retain the total reflection effect. It is because if the
thickness is too small, the confinement effect may be
reduced due to a wave exuding phenomenon. The thickness
can be determined suitably in accordance with the total
reflection effect. Generally, the thickness is preferably
selected to be not smaller than a quarter wavelength (95 nm),
particularly not smaller than a half wavelength (190 nm),
more particularly not smaller than a wavelength (380 nm),
further particularly not smaller than 600 nm, in terms of
optical path length calculated by a product of refractive
index and layer thickness, from the point of view of the total
reflection effect with respect to visible light in a wavelength
range of from 380 to 780 nm, particularly with respect to
short-wave light with a wavelength of 380 nm. Particularly
when the back side substrate is used as a substrate for
transmitting incident light from the light source as described
above, it is preferable from the point of view of incidence
efficiency and transmission efficiency that the cross-sec-
tional area of the back side substrate is as large as possible,
that is, the back side substrate is as thick as possible. On the
other hand, it is preferable from the point of view of
reduction in thickness and weight that the visual side sub-
strate is as thin as possible.

[0046] Hence, the thickness of each of the back side and
visual side cell substrates 10 and 20 may be determined
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suitably in accordance with enclosure strength of liquid
crystal without any particular limitation. Generally, from the
point of view of balance between incidence or transmission
efficiency of incident light from each of the light sources and
reduction in thickness and weight of the cell substrate as a
transmission substrate, the thickness of the cell substrate is
preferably selected to be in a range of from 10 um to 5 mm,
particularly in a range of from 50 ym to 2 mm, more
particularly in a range of from 100 #m to 1 mm.

[0047] The thickness of the back side transparent substrate
and the thickness of the visual side transparent substrate may
be equal to or different from each other. Incidentally, each of
the transparent substrates may be a plate having a uniform
thickness or may be a plate having partially uneven thick-
nesses like a wedge shape in cross section especially in the
back side substrate in order to improve the efficiency of
incidence of the transmitted light on the optical path chang-
ing slopes of the optical path control layer arranged
obliquely.

[0048] The back side transparent substrate and the visual
side transparent substrate may be equal in planar size to each
other or may be different in planar size from each other From
the point of view of using the back side and visual side
substrates as substrates for transmitting incident light from
the light sources, each of side surfaces on which the light
sources 5 and 52 are disposed respectively is preferably
provided protrusively as shown in FIGS. 1, 2 and 5, that is,
a side surface formed by the visual side substrate 20 (or the
back side substrate 10) preferably protrudes more outward
than a corresponding side surface formed by the back side
substrate 10 (or the visual side substrate 20) in order to
improve the efficiency of incidence in the case where the
light source is disposed on the protruded side surface. In
contrast, from the point of view of disposing the light source
over both back side and visual side substrates in balance, the
side surfaces of back side and visual side substrates are
preferably flush at least on the side where the light source is
disposed as shown in FIGS. 3 and 4.

[0049] As shown in drawings, the semi-transmission
reflection layer provided in the back side transparent sub-
strate transmits back light (a1 and (o3 in FIGS. 3 and 4; c2
in FIG. 5) given from the back side and reflects front light
(02 and o4 in FIGS. 3 and 4; ol in FIG. 5) given from the
visual side in an illumination mode, but reflects incident
external light in an external light mode. Hence, there can be
achieved a liquid-crystal display device which can be used
both in an external light mode and in an illumination mode.

[0050] The semi-transmission reflection layer can be
formed as a suitable layer transmitting a part of light while
reflecting the other part of light, such as a half mirror or a
reflecting layer having openings. Particularly, a metal thin
film such as a half mirror or a metal layer having openings
may be preferably used in order to retain the function in the
liquid-crystal cell.

[0051] The ratio of light transmittance of the semi-trans-
mission reflection layer to light reflectance thereof can be
determined suitably in accordance with balance between
brightness in an illumination mode and brightness in an
external light mode. Generally, the light transmittance of the
semi-transmission reflection layer is selected to be in a range
of from 5 to 95%, particularly in a range of from 15 to 85%,
more particularly in a range of from 25 to 75%. Incidentally,
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the thickness of the half mirror can be controlled in the half
mirror method or the percentage occupied by the openings
can be controlled in the opening method to change the ratio
of light transmittance to light reflectance.

[0052] Incidentally, in the case where the semi-transmis-
sion reflection layer is formed by the opening method,
openings with a size in a range of from 5 to 95%, particularly
in a range of from 15 to 85%, more particularly in a range
of from 25 to 75% as large as the size of pixels in the
liquid-crystal cell are preferably distributed in accordance
with the arrangement of the pixels as much as possible in
order to improve uniformity of brightness on the display
screen. The semi-transmission reflection layer having such
openings can be formed by a suitable method such as a
method of perforating a reflecting plate, a method of etching
a reflecting layer, or a method of vapor-depositing a reflect-
ing material through a mask having predetermined openings.

[0053] The semi-transmission reflection layer may be
preferably formed to have a rough surface for scatter-
reflecting incident external light in order to improve the
efficiency of utilizing external light and uniformity of bright-
ness in an external light mode. In the case where the
semi-transmission reflection layer is made of a thick film
such as a film of metal foil, for example, a surface of the
thick film may be treated by a surface roughening method
such as a buffing treatment so as to be formed as a roughness
type light scattering surface.

[0054] On the other hand, in the case where the semi-
transmission reflection layer is made of a thin film by a
vapor deposition method, for example, the semi-transmis-
sion reflection layer capable of scatter-reflecting incident
external light can be formed by a method of forming a thin
film having a rough surface as reflection of a roughness type
light scattering surface formed as a surface of the transparent
substrate. On this occasion, from the point of view of
retaining the smoothness of the low-refractive-index trans-
parent layer, it is preferable that a layer of a surface
roughness structure is provided on a surface-smooth low-
refractive-index transparent layer provided by use of a
surface-smooth transparent substrate.

[0055] In the latter method, front and rear surfaces of the
semi-transmission reflection layer can be formed as scatter-
reflecting surfaces. Hence, there is an advantage in that
display quality can be improved. That is, when light trans-
mitted through the substrate reaches the semi-transmission
reflection layer in an illumination mode after the optical path
of the light is changed, the light is scatter-reflected by the
front and rear surfaces of the semi-transmission reflection
layer so that the transmission distance of the light is short-
ened. Moreover, a large part of light transmitted through the
semi-transmission reflection layer is prevented from emerg-
ing because the large part of the light is confined in the
substrate opposite to the visual side or back side substrate or
because of the influence of absorption and phase difference
generation caused by the liquid-crystal layer, the color filter
layer, etc.

[0056] As aresult, there can be suppressed rapid reduction
of the transmitted light caused by absorption of light to the
semi-transmission reflection layer and the drive circuit.
Moreover, there can be suppressed display darkening which
is generated because of reduction or unevenness of the
transmitted light due to birefringence of the liquid-crystal
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layer based on transmission through the semi-transmission
reflection layer or due to partial change based on light
scattering. Moreover, there can be suppressed occurrence of
a ghost phenomenon in which display in a portion near the
light source side has influence on the rear. The opening type
semi-transmission reflection layer has the same advantage.

[0057] The semi-transmission reflection layer may be pro-
vided to serve also as an electrode for forming a liquid-
crystal drive circuit. Example thereof are shown in FIGS. 1,
3,4 and 5. Alternatively, a transparent electrode for forming
a liquid-crystal drive circuit may be provided separately
from the semi-transmission reflection layer. An example
thereof is shown in FIG. 2. Particularly FIG. 2 shows the
case where the transparent substrate 10 having a roughness
type light scattering surface is used. In this case, it is
preferable that the transparent electrode is not roughened.

[0058] For example, the prevention of roughening of the
transparent electrode can be performed by a method in
which a surface-smooth transparent electrically insulating
layer for 1lc leveling is provided on the semi-transmission
reflection layer 115 having a roughness type light scattering
surface so that the transparent electrode 11d can be formed
on the transparent electrically insulating layer. For example,
the transparent electrically insulating layer can be formed by
a suitable method such as a method of forming a coating
layer of a transparent resin. The liquid-crystal display device
may be formed to have a liquid-crystal drive circuit provided
between the low-refractive-index transparent layer and the
semi-transmission reflection layer in the back side substrate.

[0059] The transparent electrode provided in the visual
side transparent substrate and the transparent electrode pro-
vided in the back side transparent substrate as occasion
demands can be made from any suitable material described
in the related art, such as ITO. For the formation of the
liquid-crystal cell, at least one suitable functional layer such
as an oriented film constituted by a film subjected to a
rubbing treatment for orienting liquid crystal or a color filter
for color display may be provided as occasion demands.

[0060] Incidentally, as shown in drawings, the oriented
films 12 and 22 are generally formed on the electrodes 11
(11d) and 21 respectively so as to be particularly in contact
with the liquid crystal. The color filter 23 is generally
provided between the transparent substrate as one of the cell
substrates 10 and 20 and the corresponding electrode. Inci-
dentally, the color filter 23 is provided on the visual side
substrate 20 side in the drawings.

[0061] As shown in FIGS. 1 to 5, in the liquid-crystal
display panel, the crystal cell may be additionally provided
with one or two or more suitable optical layers such as
polarizers 15 and 25, phase retarders 16 and 26 and a
light-diffusing layer as occasion demands. The polarizers are
provided for achieving display using linearly polarized light.
The phase retarders are provided for compensating for the
phase difference caused by birefringence of liquid crystal to
thereby improve display quality.

[0062] The light-diffusing layer is provided for enlarging
the display range by diffusing display light, for achieving
uniformity of luminance by leveling bright-line-like emis-
sion through the optical path changing slopes of the optical
path control layer, and for increasing the quantity of light
incident on the optical path control layer by diffusing light
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transmitted through the liquid-crystal display panel. There-
fore, at least one light-diffusing layer can be provided in a
suitable position between the back side optical path control
layer 4 and the visual side polarizer 25.

[0063] As ecach of the polarizers, it is possible to use a
suitable one without any specific limitation. From the point
of view to obtain display with a good contrast ratio by use
of the incidence of highly linearly polarized light, a polarizer
with a high degree of polarization can be used preferably.
Examples of the material of the polarizer include: an absorp-
tion type polarizing film formed in such a manner that a
hydrophilic high-molecular film such as a polyvinyl alcohol-
based film, a partially formalized polyvinyl alcohol-based
film or a partially saponified ethylene-vinyl acetate copoly-
mer film is stretched after iodine or a dichromatic substance
such as dichromatic dye is adsorbed to the hydrophilic
high-molecular film; and an absorption type polarizing film
defined above and having one transparent protective layer
provided on one or each of opposite sides of the absorption
type polarizing film.

[0064] The formation of the transparent protective layer is
preferably performed by use of a material excellent in
transparency, mechanical strength, thermal stability and
moisture sealability. Examples of the material include: poly-
mer such as acetate-based resin, polyester-based resin, poly-
ether-sulfone-based resin, polycarbonate-based resin, polya-
mide-based resin, polyimide-based resin, polyolefin-based
resin, acrylic-based resin, polyether-based resin, polyvinyl
chloride resin, styrene-based resin or norbornene-based
resin; and heat-curable or ultraviolet-curable resin such as
acrylic-based resin, urethane-based resin, acrylic-urethane-
based resin, epoxy-based resin or silicone-based resin.

[0065] The transparent protective layer may be attached
by a method such as a bonding method using the form of a
film or a coating method using the form of a polymer
solution. Hence, the technique used for forming the trans-
parent protective layer can be also used for forming the
transparent electrically insulating layer.

[0066] The polarizers used, particularly the visual side
polarizer, may be subjected to a non-glare treatment or an
anti-reflection treatment for preventing viewing from being
disturbed by surface reflection of external light. The non-
glare treatment can be performed to form a surface of the
polarizer as a fine roughness structure. Various methods may
be used for the non-glare treatment. Examples of the meth-
ods include: a surface roughening method such as a sand-
blasting method or an embossing method; a method of
mixing transparent particles such as silica particles; and a
method of applying a resin containing transparent particles.
The anti-reflection treatment can be made by a method of
forming an interference deposited film.

[0067] Alternatively, the non-glare treatment or anti-re-
flection treatment can be made by a method of bonding a
film having a surface fine roughness structure or an inter-
ference film. Incidentally, two polarizers may be provided
on opposite surfaces of the liquid-crystal cell respectively as
shown in the FIGS. 1 and 2, or one polarizer may be
provided on only one surface of the liquid-crystal cell. The
technique for forming the surface fine roughness structure
can be applied to the case where surfaces of the half-
transmission reflecting layer or/and the transparent substrate
are provided as roughness type light scattering surfaces.
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[0068] On the other hand, as each of the phase retarders,
it is possible to use a suitable material such as a birefringent
film obtained in such a manner that a film formed from a
suitable polymer, for example, as listed in the description of
the transparent protective layer is stretched by a suitable
method such as a uniaxal or biaxial stretching method, an
oriented film of a suitable liquid-crystal polymer such as a
nematic or discotic liquid-crystal polymer, or an oriented
film having an oriented layer supported by a transparent base
material. The refractive index of the phase retarder in the
direction of the thickness thercof may be controlled under
the action of heat-shrinking force of a heat-shrinkable film.

[0069] As shown in the drawings, the compensating phase
retarders 16 and 26 are generally disposed between the
visual side and back side polarizers 15 and 25 and the
liquid-crystal cell in accordance with the necessity. As each
of the phase retarders, it is possible to use a suitable one in
accordance with the wavelength range. In addition, each of
the phase retarders may be used in the form of two or more
layers superposed on each other in order to control optical
characteristic such as a phase difference.

[0070] The light-diffusing layer can be provided by a
suitable method using a coating layer, a diffusing sheet, or
the like, having a surface fine roughness structure. The
light-diffusing layer may be formed as a pressure sensitive
adhesive layer containing transparent particles so that the
light-diffusing layer can serve also as a layer for bonding a
polarizer or a phase retarder to thereby attain reduction in
thickness. For forming the pressure sensitive adhesive layer,
there can be used a tackifier containing, as a base polymer,
a suitable polymer such as a rubber-based polymer, an
acrylic-based polymer, a vinyl-alkyl ether-based polymer, a
silicone-based polymer, a polyester-based polymer, a poly-
urethane-based polymer, a polyether-based polymer, a
polyamide-based polymer or a styrene-based polymer.

[0071] Particularly, there can be preferably used a tackifier
excellent in transparency, weather resistance and heat resis-
tance, such as an acrylic-based tackifier containing, as a base
polymer, a polymer mainly composed of acrylic or meth-
acrylic alkyl ester. As the transparent particles which may be
contained in the pressure sensitive adhesive layer, one kind
or two kinds of suitable transparent particles may be selected
from inorganic particles and organic particles. The inorganic
particles maybe electrically conductive and are made of
silica, alumina, titania, zirconia, tinoxide, indiumoxide, cad-
mium oxide, anti monyoxide, or the like, with a means
particle size ranging from 0.5 um to 20 um. The organic
particles are made of a crosslinked or non-crosslinked
polymer, or the like. The transparent particles may be used
for the aforementioned non-glare treatment.

[0072] The light sources disposed on side surfaces of the
liquid-crystal display panel are provided so that light used
for illuminating the liquid-crystal display device is made
incident on the side surfaces of the liquid-crystal display
panel. Thus, reduction in thickness and weight of the liquid-
crystal display device can be attained when the light sources
are used in combination with the optical path control layers
disposed on a back-surface side or opposite surface sides of
the panel. As each of the light sources, it is possible to use
a suitable one. Examples of the light source include: a linear
light source such as a (cold or hot) cathode tube; a point light
source such as a light-emitting diode; an array in which such
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point light sources are set in a linear or planar array; and a
combination of a point light source and a linear light pipe
through which incident light from the point light source is
converted into light for forming a linear light source through
the linear light pipe. In the example shown in FIGS. 1 and
2, from the point of view of preventing the incident light
emitted the light source from entering the liquid crystal
layer, the light source(s) is/are disposed on the side sur-
face(s) of the back side substrate, especially, being protruded
more outward than the side surface of visual side substrate.
The light source is disposed on at least one side surface of
the liquid crystal display panel.

[0073] As shown in FIG. 5, the light sources 5 and 52 may
be disposed on at least two different side surfaces of the
liquid-crystal display panel and on the visual side and back
side substrates respectively. The plurality of side surfaces
may be constituted by a combination of opposite side
surfaces as shown in FIGS. 2, 4 and 5, by a combination of
side surfaces intersecting crosswise both vertically and
horizontally or by a combination of three or more side
surfaces in use of both the combinations. Such a method of
arranging the light sources on different side surfaces can
prevent the positions of the light sources from interfering
with each other mechanically. Moreover, when the light
sources are provided so that they can be switched on/off
independently of each other, the switching-on/off of the
respective light sources can be controlled to change bright-
ness stepwise. Incidentally, the light sources may be dis-
posed on a plurality of side surfaces of one and the same
substrate as shown in FIG. 2.

[0074] In the method in which the light sources are
disposed on opposite side surfaces as shown in FIG. 5, there
is more advantageous in terms of improvement in luminance
and improvement in uniformity of luminance on the whole
screen because the angular characteristics of emergent light
rays are complementary to each other while the phenomena
of brightness on opposite end sides far from the light sources
are complementary to each other. Moreover, in this case,
when a side surface of one substrate on which a light source
is disposed is formed to protrude more outward than a
corresponding side surface of the other substrate as shown in
FIG. 5, the workability in disposing the light source and the
workability in surrounding and holding the light source by
a light source holder can be improved while entrance of
incident light from the light source into the liquid-crystal
layer can be suppressed.

[0075] Switching-on of the light sources allows visibility
in an illumination mode. Because it is unnecessary to switch
on the light sources when visibility is made by external light
in an external light mode, the light sources of the display
device which can be operated both in the external light mode
and in an illumination mode are set to be changeable
between switching on and switching off. As the change-over
method, it is possible to use any desirable one. Any related-
art method may be used as the change-over method. Inci-
dentally, each of the light sources may be of a multi-color
emission type that can switch its own emission color.
Alternatively, different colors of light may be emitted
through different kinds of light sources.

[0076] In accordance with necessity, as shown in draw-
ings, each of the light source 5 and 52 may be formed in a
combined body provided with a suitable assisting unit such
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as a light source holder 51 for surrounding the light source
to guide divergent light to a side surface of the liquid-crystal
display panel. As the light source holder, a suitable reflecting
sheet which reflects at least light from the light source may
be used. As the reflection sheet, it is possible to use a resin
sheet provided with a high reflectance metal thin film, a
white sheet, a metal foil sheet, a resin molded piece, or the
like.

[0077] The light source holder may be used as a retaining
unit also having a function of surrounding the light source.
On this occasion, the light source holder can surround and
retain the light source in such a manner that end portions of
the light source holder are bonded to end portions of upper
and lower surfaces of the back side or visual side substrate.
Incidentally, in the case where one light source is disposed
on both back side and visual side substrates as shown in
FIGS. 3 and 4, there may be used a method in which the
light source holder surrounds and retains the light source in
such a manner that bonding is laid from an end portion of an
upper surface of the visual side substrate to an end portion
of a lower surface of the back side substrate through end
portions of the light source holder.

[0078] The optical path control layer 4 disposed on the
back side is provided for the following purpose. That is, the
optical path of incident light from the light source 5, 52
disposed on a side surface of the liquid-crystal display panel
1, or the optical path of transmitted light of the incident light
is changed toward the visual side of the panel through the
optical path changing slopes Al as represented by the arrow
a in FIG. 1; ¢3 and a4 in FIGS. 3 and 4; o2 in FIG. 5 so
that the purpose of utilizing the light as illumination light
(display light) is achieved. The optical path control layer 4
is disposed on the outside of the back side substrate 10 of the
liquid-crystal display panel 1.

[0079] On the other hand, the optical path control layer 41
disposed on the visual side shown in FIGS. 3 to 5 is provided
for the following purpose. That is, after the optical path of
incident light from the light source 52 disposed on a side
surface of the liquid-crystal display panel 1, or the optical
path of transmitted light of the incident light is changed
toward the back side of the panel through the optical path
changing slopes B1, the light is reflected by the semi-
transmission reflection layer 11 to travel inversely as repre-
sented by the arrow a2, a4 in FIGS. 3 and 4; o1 in FIG.
5 so that the purpose of utilizing the light as illumination
light (display light) is achieved. The optical path control
layer 41 is disposed on the outside of the visual side
substrate 20 of the liquid-crystal display panel 1.

[0080] In order to achieve the purpose, the optical path
control layer 4 or 41 is provided with optical path changing
slopes Al or B1 each inclined at an inclination angle in a
range of from 35 to 48 degrees with respect to a reference
plane (virtual horizontal plane) of the back side or visual
side substrate so that the incident light from the light source
5 or 52 is reflected to thereby change the optical path of the
light into a predetermined direction as shown in FIGS. 1 to
5.

[0081] Each of the optical path control layers has a plu-
rality of such optical path changing slopes for the purpose of
attaining reduction in thickness. Each of the optical path
control layers is formed as a layer having a refractive index
higher than that of the nearest low-refractive-index trans-
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parent layer provided on the back side or visual side sub-
strate. If the refractive index of the optical path control layer
is lower than that of the transparent layer, incident light from
the light source or transmitted light of the incident light is
apt to be confined in the back side or visual side substrate.
As a result, incidence of light onto the optical path control
layer is disturbed so that the light can hardly be utilized as
display light.

[0082] Each of the optical path control layers can be
formed as a layer having any suitable form except that the
optical path control layer has a plurality of such predeter-
mined optical path changing slopes. From the point of view
of changing the optical path of the light to obtain display
light excellent in frontal directivity, the optical path control
layers are preferably provided as optical path control layers
4 and 41 having light output means A and B with optical path
changing slopes Al and B1 facing the side surfaces where
the light sources are disposed, that is, facing the incidence
side surfaces, and more preferably provided as optical path
control layers having light output means A and B with
optical path changing slopes Al and B1 made of prism-like
roughnesses.

[0083] FIGS. 6A to 6E show examples of the light output
means with optical path changing slopes or prism-like
roughnesses described above. In FIGS. 6A to 6C, each of
the light output means A is shaped like a triangle in cross
section. In FIGS. 6D and 6E, it is shaped like a quadrangle
in cross section. In addition, in FIG. 6A, each of the light
output means A has two optical path changing slopes Al
constituted by two equal sides of an isosceles triangle. In
FIG. 6B, each of the light output means A has an optical path
changing slope Al, and a steep slope A2 having a larger
inclination angle than that of the slope Al with respect to the
reference plane.

[0084] In FIG. 6C, each of the light output means A has
an optical path changing slope Al, and a gentle slope A2
having a smaller inclination angle than that of the slope Al
with respect to the reference plane. Further, in FIG. 6C, the
light output means A are formed on the whole of one side
surface of the optical path control layer so as to be continu-
ously adjacent to one another. In FIG. 6D, the light output
means A are constituted by convex portions (protrusions). In
FIG. 6E, the light output means A are constituted by
concave portions (grooves). Although combinations of opti-
cal path changing slopes Al and steep or gentle slopes A2 in
the light output means A are shown in FIGS. 6A to 6E,
combinations of optical path changing slopes B1 and steep
or gentle slopes B2 in the light output means B may be
formed in the same manner as in the light output means A
(this rule applies hereunder).

[0085] As the examples described above, therefore, the
light output means may be constituted by convex or concave
portions each made of equilateral sides or slopes with equal
inclination angles, or may be constituted by convex or
concave portions each made of a combination of an optical
path changing slope and a steep or gentle slope or slopes
different in inclination angle. The format of the slopes may
be determined suitably in accordance with the number and
positions of side surfaces on which light is made incident.
From the point of view to improve mar-proofness to retain
the function of the slopes, it is favorable to form the light
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output means into concave portions rather than convex
portions because the slopes, or the like, in the concave
portions are hardly damaged.

[0086] From the point of view to attain the characteristic
such as frontal directivity, it is preferable that each of the
optical path control layers has the optical path changing
slopes Al or B1 each of which has an inclination angle in a
range of from 35 to 48 degrees with respect to the reference
plane and which face the side surface where light is incident,
as shown in FIGS. 6A to 6E. Therefore, when light sources
are disposed on two or more side surfaces of the liquid
crystal display panel or one and the same substrate so that
two or more incidence side surfaces are provided, it is
preferable to use optical path control layers having optical
path changing slopes Al and B1 formed in accordance with
the number and positions of the incidence side surfaces.

[0087] Incidentally, in the case where light sources are
disposed on two opposite side surfaces of the liquid crystal
display panel or one and the same substrate, it is preferable
to use optical path control layers 4 and 41 having light
output means A and B each having two optical path changing
slopes Al or Bl provided in the following manner. That is,
as shown in FIG. 6A, the ridgelines of the two optical path
changing slopes Al or Bl of each light output means A or
B shaped like an isosceles triangle in cross section go
parallel with the incidence side surfaces. Alternatively, as
shown in FIGS. 6D and 6E, the ridgelines of the two optical
path changing slopes Al or Bl of each light output means A
or B shaped like a trapezoid in cross section go parallel with
the incidence side surfaces.

[0088] In the case where light sources are disposed on two
side surfaces of the liquid-crystal display panel so that the
two side surfaces are perpendicularly adjacent to each other,
it is preferable to use optical path control layers having
optical path changing slopes Al or B1 provided in such a
manner that the ridgelines of the optical path changing
slopes go parallel with the two side surfaces perpendicularly
adjacent to each other. In the case where light sources are
disposed on three or more side surfaces including side
surfaces opposite to each other and side surfaces perpen-
dicularly adjacent to each other, it is preferable to use optical
path control layers having optical path changing slopes Al
or B1 constituted by these combinations.

[0089] The optical path changing slopes Al or B1 play the
following role. That is, among light incident on side surfaces
from the light sources and transmitted light thereof, light
incident on the slopes Al or B1 is reflected by the slopes Al
or B1 to change the optical path of the light to the viewing
direction of the liquid-crystal display panel to thereby sup-
ply the light as light capable of being utilized for panel
display. In this case, the inclination angle of the optical path
changing slopes Al or B1 with respect to the reference plane
is selected to be in a range of from 35 to 48 degrees. Thus,
as represented by the broken arrow a in FIG. 1; al, a2, o3
and o4 in FIG. 3 or 4; ol or a2 in FIG. §, the optical path
of light incident on side surfaces or transmitted light thereof
can be changed with good perpendicularity with respect to
the reference plane so that display light excellent in frontal
directivity can be obtained efficiently.

[0090] If the inclination angle of the optical path changing
slopes is lower than 35 degrees, the optical path of the
reflected light is displaced largely from the frontal direction.
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As a result, the reflected light can be hardly utilized effec-
tively for display, and frontal luminance becomes low. On
the contrary, if the inclination angle is higher than 48
degrees, light leaking from the optical path changing slopes
increases due to the contrariety to the condition that light
incident on side surfaces or transmitted light thereof is
totally reflected. As a result, the efficiency of utilizing the
light incident on the side surfaces becomes low.

[0091] From the point of view of changing the optical path
with excellent frontal directivity and restraining light from
leaking, the inclination angle of the optical path changing
slopes Al or Bl is preferably selected to be in a range of
from 38 to 45 degrees, particularly in a range of from 40 to
44 degrees in consideration of the total reflection condition
based on refraction of the light transmitted through the
inside of the liquid-crystal display panel in accordance with
Snell’s law. Incidentally, the total reflection condition for a
glass plate is generally about 42 degrees. In this case, light
incident on the side surface is made incident on the optical
path changing slopes while the light is transmitted in a state
in which the light is concentrated in a range of +42 degrees.

[0092] As described above, the light output means A or B
having the optical path changing slopes Al or B1 are formed
as a plurality of light output means as shown in FIGS. 7, 8,
11-14 in order to attain reduction in thickness of the optical
path control layer. In this case, from the point of view of
reflecting light incident on side surfaces backward and
efficiently transmitting the reflected light to opposite side
surfaces to thereby emit the light from the whole surface of
the liquid-crystal display screen as uniformly as possible, it
is preferable to use a structure including gentle slopes A2 or
B2 each inclined at an inclination angle of not higher than
10 degrees, particularly not higher than 5 degrees, more
particularly not higher than 3 degrees with respect to the
reference plane, or including flat surfaces A3 or B3 each
inclined at an inclined angle of substantially 0 degrees with
respect to the reference plane.

[0093] T1tis therefore preferable that the light output means
A (B) including the steep slopes A2 (B2) as shown in FIG.
6B have a structure in which the inclination angle of the
steep slopes A2 (B2) is selected to be not lower than 35
degrees, particularly not lower than 50 degrees, more par-
ticularly not lower than 60 degrees with respect to the
reference plane, so that the flat surfaces A3 (B3) can be
widened.

[0094] As shown in FIGS. 7, 8, 11-14, the light output
means A (B) are provided so that their ridgelines go parallel
with or are inclined to the incidence side surface of the
liquid-crystal display panel 1 on which the light source §
(52) is disposed. In this case, the light output means A (B)
may be formed continuously in a range of from one end of
the optical path control layer to the other end as shown in
FIGS. 7, 11, 13 or may be formed discontinuously and
intermittently as shown in FIGS. 8, 12, 14.

[0095] When the light output means A (B) are formed
discontinuously, it is preferable that the length of rough-
nesses, which are constituted by grooves or protrusions, in
the direction along the incidence side surface is selected to
be not smaller than 5 times as large as the depth or height of
the roughnesses from the point of view of the incidence
efficiency or optical path changing efficiency of the trans-
mitted light. In addition, it is preferable that the length is
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selected to be not larger than 500 gm, particularly in a range
of from 10 to 480 um, more particularly in a range of from
50 to 450 um, from the point of view of emitting uniform
light from the display surface of the panel. Incidentally, the
semi-transmission reflection layer is not shown in FIGS. 7,
8, 11-14.

[0096] There is no specific limit on the cross-sectional
shape of the light output means A or B and the pitch of the
optical path changing slopes Al or B1. The optical path
changing slopes Al or B1 are luminance-determining factors
in an illumination mode. Hence, the shape of the light output
means A or B and the pitch of the optical path changing
slopes Al or Bl can be determined suitably in accordance
with the uniformity of light emission from the display
surface of the panel, so that the quantity of optical-path-
changed light can be controlled by the distribution density of
the optical path changing slopes Al or Bl.

[0097] Accordingly, the slopes may have a shape with a
fixed inclination angle, or the like, on the whole surface of
the optical path control layer. Alternatively, in order to cope
with absorption loss or attenuation of the transmitted light
due to the previous change of the optical path to thereby
attain uniformity of light emission from the display surface
of the panel, the light output means A (B) may be formed to
become larger as the position in the light output means A (B)
goes farther from the side surface where light is incident, as
shown in FIG. 9.

[0098] Further, the light output means A (B) may be
formed to have a fixed pitch as shown in FIG. 9, or may be
formed to have a pitch which is reduced gradually to
increase the distribution density of the light output means A
(B) as the position in the light output means A (B) goes
farther from the side surface where light is incident, as
shown in FIG. 10. Further, uniform light emission from the
display surface of the panel may be attained by random
pitches.

[0099] In addition, when the light output means A (B) are
roughnesses constituted by discontinuous grooves or pro-
trusions, the size, shape, distribution density, ridgeline direc-
tion, etc. of the roughnesses may be made random, or the
random or regular or standardized roughnesses may be
arranged at random so that uniform light emission from the
display surface of the panel can be attained. Hence, as
described above in the examples, uniform light emission
from the display surface of the panel can be achieved by
application of a suitable method to the light output means A
or B. Incidentally, the direction of the arrow in FIGS. 9 and
10 designates the direction of transmission of the light
incident on the side surface.

[0100] As described above, the optical path changing
slopes are functional portions for substantially forming
illumination light by changing the optical path of light
incident on the side surface. Accordingly, if the distance
between adjacent optical path changing slopes is too large,
illumination is sparse at the time of switching on the light
source so that display may be unnatural. To prevent display
from being unnatural, it is preferable that the pitch of the
optical path changing slopes Al or Bl is selected to be not
larger than 2 mm, particularly in a range of from 20 um to
1 mm, more particularly in a range of from 50 ym to 0.5 mm.

[0101] On the other hand, moire may occur because illu-
mination light through a plurality of optical path changing
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slopes, particularly through optical path changing slopes
continuous in a direction of the incidence side surface
interferes with pixels of the liquid-crystal cell. Although
moire can be prevented by adjustment of the pitch of the
optical path changing slopes, there is a preferred range in the
pitch as described above. Hence, measures against the case
where moire still occurs in spite of the preferred range of the
pitch become a subject of discussion.

[0102] In the case, there is preferably used a method in
which the ridgelines of the roughnesses are formed to be
inclined to the incidence side surface so that the optical path
changing slopes can be arrayed to cross the pixels to thereby
prevent moire. In this case, if the inclination angle of the
ridgelines of the roughnesses with respect to the incidence
side surface is too high, deflection may occur in reflection by
the optical path changing slopes. As a result, large deviation
may occur in the changed direction of the optical path. This
is apt to cause lowering of display quality.

[0103] To prevent lowering of display quality from being
caused by deviation in the changed direction of the optical
path, therefore, the inclination angle of the ridgelines of the
roughnesses with respect to the incidence side surface is
preferably selected to be in a range of +30 degrees, more
preferably in a range of £25 degrees. Incidentally, the sign
“+” means the direction of inclination of the ridgelines with
the incidence side surface as a reference. When the resolu-
tion of the liquid-crystal cell is too low to produce moire, or
when moire is negligible, it is preferable that such ridgelines
are formed to be as parallel with the incidence side surface
as possible.

[0104] From this point of view and in consideration of the
fact that the pixel pitch of the liquid-crystal cell is generally
in a range of from 100 to 300 um, it is preferable that the
optical path changing slopes are formed so that the projected
width thereof on the reference plane is not larger than 40 ym,
particularly in a range of from 3 to 20 um, more particularly
in a range of from 5 to 15 um. Because the coherence length
of a fluorescent tube is generally set at about 20 um, the
projected width is preferred also from the point of view to
prevent lowering of display quality from being caused by
diffraction.

[0105] Each of the optical path control layers can be made
of a suitable material exhibiting transparency in accordance
with the wavelength range of light from the light source and
having a refractive index higher than that of the low-
refractive-index transparent layer. Incidentally, examples of
the material used in a visible region may include polymer,
curable resin, and glass, as described above in the descrip-
tion of the transparent protective layer. An optical path
control layer made of a material exhibiting no birefringence
or little birefringence is preferred.

[0106] From the point of view of suppressing the quantity
of loss light which is confined in the panel because of
interfacial reflection so as to be unable to emerge from the
panel, and from the point of view of efficiently supplying
light incident on the side surface or transmitted light thereof
to the optical path control layer, particularly to the optical
path changing slopes of the optical path control layer, it is
preferable that the optical path control layer has a refractive
index higher by 0.05 or more, particularly by 0.08 or more,
more particularly by a value of from 0.1 to 0.4 than that of
the low-refractive-index transparent layer.

Mar. 6, 2003

[0107] In addition, from the point of view in which
incident light from the light source or transmitted light
thereof is made incident on the nearest optical path control
layer from the back side or visual side substrate efficiently
to achieve bright display through the optical path changing
slopes, it is preferable that the optical path control layer is
formed so that the refractive index difference between the
optical path control layer and the nearest one of the back side
and visual side substrates is not larger than 0.15, particularly
not larger than 0.10, more particularly not larger than 0.05
and it is particularly preferable that the optical path control
layer has a refractive index higher than that of the nearest
substrate.

[0108] As shown in FIGS. 3 to 4, when the optical path
control layers and the light sources are disposed on the back
side and visual side substrates respectively as described
above, increase in quantity of incident light on the whole
liquid-crystal display panel can be attained in accordance
with reduction in thickness of the cell substrates. As a result,
bright display can be achieved. The sectional area of the
incident side surface with respect to a light source can be
made larger in the embodiments shown in FIGS. 3 and 4.
If the thickness of each of the two substrates is same, the
section area of the incident surface is made twice. Inciden-
tally, the optical path control layers disposed on the back
side and visual side substrates respectively may be of the
same type having light output means formed in the same
format, or of different types but having light output means
formed in the same format, or of different types having light
output means formed in different formats.

[0109] Each of the optical path control layers can be
formed by a cutting method or by any other suitable method.
Preferred examples of the method for producing the optical
path control layer from the point of view of manufactur-
ability may include: a method in which a thermoplastic resin
is heated while pressed against a mold capable of forming a
predetermined shape to thereby transfer the shape; a method
in which a mold capable of forming a predetermined shape
is filled with a hot-melted thermoplastic resin or a resin
fluidized by heat or through a solvent; and a method in
which a liquid resin such as a monomer or an oligomer
polymerizable by heat or by ultraviolet rays or radial rays is
polymerized in the condition that the liquid resin is cast in
a mold capable of forming a predetermined shape or in the
condition that the mold is filled with the liquid resin.

[0110] Examples of the method may further include: a
method in which the liquid resin polymerizable by ultravio-
let rays or radial rays is polymerized in the condition that a
coating layer obtained by coating a support film with the
liquid resin is molded in a mold capable of forming a
predetermined shape; and a method in which the liquid resin
is polymerized by irradiation with ultraviolet rays or radial
rays in the condition that a mold capable of forming a
predetermined shape is filled with the liquid resin and then
a support film is disposed on the mold.

[0111] In the case, a transparent support film may be used
so that an optical path control layer integrated with the film
can be formed, or after the formation of an optical path
control layer integrated with the support film, the optical
path control layer constituted only by a molding layer based
on the coating or filler layer may be separated from the
support layer. In the latter, the support film need not be
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transparent. The separation can be achieved by a method of
surface-treating the support film with a releasant.

[0112] Accordingly, the optical path control layer may be
formed by provision of a predetermined form directly to the
back side or visual side substrate, or the optical path control
layer may be formed as a transparent sheet provided to have
a predetermined form. The thickness of the optical path
control layer can be determined suitably. Generally, the
thickness is selected to be not larger than 300 um, particu-
larly in a range of from 5 to 200 wm more particularly in a
range of from 10 to 100 um, from the point of view of
reduction in thickness. Incidentally, the cross-sectional
shape of each of the light output means, such as a triangular
shape, a quadrangular shape or a pentagonal shape, does not
mean a polygonal shape strictly. That is, rounding of corner
portions, angular changing of surfaces, etc. on the basis of
production techniques may be allowed.

[0113] The optical path control layers are disposed on the
back side or the back side and visual side of the liquid-
crystal display panel. In this case, the slope-forming sur-
faces, that is, the surfaces where the light output means A
and B are formed, are preferably disposed on the outer
surface sides as shown in FIGS. 1 to § in order to improve
the efficiency of reflection by the optical path changing
slopes Al and B1 of the light output means A and B and,
accordingly, to improve luminance due to effective utiliza-
tion of light incident on side surfaces.

[0114] The optical path control layers, particularly the
visual-side optical path control layer, may be subjected to a
non-glare treatment or an anti-reflection treatment for pre-
venting viewing from being disturbed by surface reflection
of external light. The non-glare treatment can be performed
to form a surface of the optical path control layer as a fine
roughness structure various methods may be used for the
non-glare treatment. Examples of the methods include: a
surface roughening method such as a sandblasting method,
or an embossing method; a method of mixing transparent
particles such as silica particles; and a method of applying
a resin containing transparent particles. The anti-reflection
treatment can be made by a method of forming an interfer-
ence deposited film.

[0115] Alternatively, the non-glare treatment or anti-re-
flection treatment can be made by a method of bonding a
film having a surface fine roughness structure or an inter-
ference film. Incidentally, two polarizers may be provided
on opposite surfaces of the liquid-crystal cell respectively as
shown 1in the drawings, or one polarizer may be provided on
only one surface of the liquid-crystal cell. The technique for
forming the surface fine roughness structure can be applied
to the case where surfaces of the light-diffusing layer, the
semi-transmission reflection layer or/fand the transparent
substrate are provided as roughness type light scattering
surfaces. The transparent particles to be mixed with the
pressure sensitive adhesive layer may be also used in the
non-glare treatment.

[0116] When the optical path control layer is formed
independently as a transparent sheet as described above, it is
preferable, from the point of view of improvement in
luminance due to effective utilization of light incident on
side surfaces that the transparent sheet is bonded to the
liquid-crystal display panel through an adhesive layer 18 or
28 having a refractive index higher than that of the nearest
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low-refractive-index transparent layer 14 or 24, particularly
through an adhesive layer having a refractive index as equal
to that of the transparent sheet as possible, more particularly
through an adhesive layer having a refractive index between
that of the transparent sheet and that of the back side or
visual side substrate.

[0117] Hence, the refractive index of the adhesive layer
can be set in accordance with the optical path control layer.
That is, it is preferable that the refractive index of the optical
path control layer and the adhesive layer is higher by at least
0.05 than that of the nearest low-refractive-index transparent
layer. The adhesive layer can be made of any suitable
transparent adhesive agent without any specific limitation in
kind. A bonding method using a pressure sensitive adhesive
layer is preferred from the point of view of facilitating the
bonding treatment. The pressure sensitive adhesive layer can
be set in accordance with the previous description and may
be provided as the light-diffusing type pressure sensitive
adhesive layer.

[0118] As shown in FIGS. 1 to 5, a light-reflecting layer 6
may be disposed on the outside of the back side optical path
control layer 4 in accordance with necessity. When light
reflected by the back side optical path control layer is
reflected and inverted by the semi-transmission reflection
layer in the inside of the liquid-crystal cell, there is the
possibility that the light cannot emerge from the liquid-
crystal display device. Therefore, the light-reflecting layer is
provided for reflecting and inverting the light again to return
the light toward the liquid-crystal cell to thereby improve
light-utilizing efficiency and, accordingly, improve lumi-
nance.

[0119] The light-reflecting layer is also effective in reflect-
ing and inverting light reflected by the visual side optical
path control layer and transmitted through the semi-trans-
mission reflection layer, and in reflecting and inverting
external light transmitted through the semi-transmission
reflection layer in an external light mode to return the light
toward the liquid-crystal cell to thereby improve light-
utilizing efficiency and, accordingly, improve luminance.
The light-reflecting layer is further effective in reflecting and
inverting light leaking from the back side optical path
control layer to make the light enter the back side optical
path control layer again to thereby improve light-utilizing
efficiency.

[0120] The light-reflecting layer can be made of a suitable
material such as a white sheet in accordance with the related
art. Particularly, examples of the light-reflecting layer
include: a coating layer of a binder resin containing powder
of a high-reflectance metal such as aluminum, silver, gold,
copper, or chromium, or powder of an alloy of the high-
reflectance metal; a layer of a metal thin film formed from
the metal or a dielectric multilayer film by a suitable
thin-film forming method such as a vacuum vapor deposi-
tion method or a sputtering method; a reflecting sheet having
the coating layer or the deposited layer supported by a base
material made of a film; and a high-reflectance light-reflect-
ing layer made of metal foil. Particularly, a light-reflecting
layer at least having a metal thin film is preferred from the
point of view of reflecting efficiency. Incidentally, the tech-
nique used for forming the light-reflecting layer can be also
used for forming the semi-transmission reflection layer.

[0121] The light-reflecting layer may be disposed on the
rear surface of the back side optical path control layer so as
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to closely adhere thereto without any gap. The formation of
the light-reflecting layer closely adhering to the rear surface
of the back side optical path control layer without any gap
can be performed, for example, by a method of forming a
metal thin film by vacuum vapor deposition, or by a method
of bonding a filmy flexible light-reflecting layer in accor-
dance with the shape of the optical path control layer. In the
latter method, the refractive index of the adhesive layer is
preferably selected to be lower than that of the optical path
control layer so that transmitted light can be transmitted
efficiently by total reflection based on the refractive index
difference in the interface between the adhesive layer and the
optical path control layer.

[0122] The light-reflecting layer may be provided so as to
closely adhere to the rear surface of the back side optical
path control layer 4 but separated from the light output
means A of the back side optical path control layer 4 as
shown in FIGS. 2, 4 and 5, or may be provided so as to be
separated from the rear surface of the back side optical path
control layer 4. For the formation of the light-reflecting layer
which is disposed so that an air layer is interposed between
the light-reflecting layer and the optical path control layer,
there may be preferably used a high-reflectance metal sheet,
a reflecting sheet made up of a high-reflectance metal thin
film provided on a support base material such as a film, or
a white film such as a foamed plastic film.

[0123] Incidentally, in the examples of FIGS. 2, 4 and 5,
a light-reflecting layer 6b is made up of a metal thin film
provided on a support base material 6a and is bonded to the
optical path control layer 4 through an adhesive layer 6¢
having a refractive index lower than that of the optical path
control layer 4 in order to improve light-utilizing efficiency.
Incidentally, the light-reflecting layer made up of a reflecting
sheet as described above may closely surround the light
source disposed on a side surface of the back side substrate
or/and the light source disposed on a side surface of the
visual side substrate so that the light-reflecting layer can
serve also as a light source holder defined above. This
technique is advantageous in terms of improvement in
luminance because light from the light source can be highly
concentrated onto the side surface of the substrate.

[0124] The light-reflecting layer may form a specular
surface or may be preferably formed to have a light-diffusing
function from the point of view of preventing moire. As
described above, the light-reflecting layer may be simply put
on the outside of the back side optical path control layer or
may be disposed so as to adhere closely to the back side
optical path control layer by a bonding method, a vapor
deposition method, or the like. When the light-reflecting
layer is disposed so as to adhere closely to the slopes of the
light output means as shown in FIGS. 1 and 3, there is an
advantage in that the reflecting effect can be improved to
thereby prevent leaking light almost perfectly to improve
viewing angle characteristic and luminance more greatly.

[0125] The formation of the light-diffusing type reflecting
layer can be performed, for example, by a method having:
the step of preparing a support base material such as a film
having a surface formed as a fine roughness structure by a
suitable method such as a surface roughening method using
sandblasting or matting, or a particle adding method; and the
step of providing a light-reflecting layer on the support base
material so that the fine roughness structure is reflected in
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the light-reflecting layer. For example, the light-reflecting
layer can be formed in such a manner that a metal is
provided on the surface of the support base material by a
suitable vapor deposition or plating method such as a
vacuum vapor deposition method, an ion-plating method, or
a sputtering method. This technique used for forming the
light-diffusing type reflecting layer can be also used for
forming the semi-transmission reflection layer.

[0126] Inthe liquid-crystal display device according to the
invention, a large part of light incident on the incidence side
surfaces in an illumination mode is transmitted backward
through reflection based on the law of refraction through the
back side and visual side substrates. Hence, while the large
part of the light is prevented from emerging (leaking) from
the surface of the panel, the optical path of light incident on
the optical path changing slopes Al and Bl of the optical
path control layers is efficiently changed to the front and
back directions of the panel with good vertical directivity.
The other part of the transmitted light is further transmitted
backward by total reflection so as to be made incident on the
optical path changing slopes Al and B1 in the rear. Hence,
the optical path of the other part of the transmitted light is
efficiently changed to the front and back directions of the
panel with good vertical directivity.

[0127] Then, the light having the optical path changed by
the optical path changing slopes reaches the semi-transmis-
sion reflection layer. A part of light (on the backside)
transmitted through the semi-transmission reflection layer
and the other part of light (on the visual side) reflected by the
semi-transmission reflection layer enter the liquid-crystal
cell to thereby form display light. Hence, display excellent
in uniformity of brightness on the whole display surface of
the panel is achieved in an illumination mode. On the other
hand, external light incident on the visual side in an external
light mode reaches the semi-transmission reflection layer.
Light reflected by the semi-transmission reflection layer
enters the liquid-crystal cell to thereby form display light.
Hence, display excellent in uniformity of brightness on the
whole display surface of the panel is achieved in an external
light mode.

[0128] When a light-reflecting layer is provided on the
outside of the back side optical path control layer, light-
utilizing efficiency is improved as described above, so that
brightness is improved more greatly Hence, there can be
formed a liquid-crystal display device which is bright, easy
to view and excellent in display quality because light from
the light sources can be utilized efficiently and which can be
used both in an external light mode and in an illumination
mode.

[0129] Incidentally, in the invention, optical elements or
components such as an optical path control layer, a liquid-
crystal cell, a polarizer, and a phase retarder for forming the
liquid-crystal display device may be wholly or partially
integrally laminated/fixed onto one another or may be dis-
posed to be easily separable from one another. From the
point of view of preventing lowering of contrast due to
suppression of interfacial reflection, it is preferable that such
optical elements or components are fixed onto one another.
A transparent adhesive layer made of a suitable transparent
adhesive agent such as a tackifier can be used for the
fixing/bonding process. The transparent adhesive layer may
contain the transparent particles so that the adhesive layer
exhibits a diffusing function.
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[0130] In addition, the optical elements or components,
particularly those on the visual side, may be formed to have
ultraviolet light absorptive power, for example, by a method
of treating them with an ultraviolet light absorbent such as
a salicylic ester-based compound, a benzophenone-based
compound, a benzotriazole-based compound, a cyanoacry-
late-based compound or a nickel complex-based compound.

Reference Example 1

[0131] Magnesium fluoride vapor was vacuum-deposited
on a non-alkali glass plate having a thickness of 0.7 mm and
a refractive index of 1.52 to thereby form a low-refractive-
index transparent layer having a thickness of 600 nm and a
refractive index of 1.38. A resin layer of a surface fine
roughness structure was provided on the low-refractive-
index transparent layer. Then, aluminum vapor was vacuum-
deposited on the resin layer, and 250 um-square openings
were formed by an etching method so as to be distributed
evenly with a numerical aperture of 20%. Thus, a half-
transmission reflecting layer was provided to serve also as
an electrode. The half-transmission reflecting layer was
spin-coated with a polyvinyl alcohol solution and the dried
film of the polyvinyl alcohol solution was subjected to a
rubbing treatment to thereby obtain a back side substrate. On
the other hand, an ITO transparent electrically conductive
layer was formed on a non-alkali glass plate provided in the
same manner as described above. After the transparent
electrode was divided by etching, a film subjected to a
rubbing treatment was provided thereon to thereby obtain a
visual side substrate.

[0132] Then, a gap adjusting material was disposed
between the back side and visual side substrates while the
rubbing surfaces of the two substrates were disposed oppo-
site to each other so that the rubbing directions were
perpendicular to each other. After the periphery of the two
substrates was sealed with an epoxy resin, liquid crystal
(ZLI-4792 made by MEPCK) was injected between the two
substrates to thereby form a TN liquid-crystal cell. Phase
retarder-containing polarizers were stuck onto opposite sur-
faces of the liquid-crystal cell to thereby obtain a normally
white liquid-crystal panel. The panel size was 25 mm wide
and 34 mm long. Aside surface of the backside substrate in
a direction of the length thereof was protruded by about 2
mm from the visual side substrate. Then, a cold-cathode tube
was disposed on the protruded side surface of the back side
substrate. While the cold-cathode tube was surrounded by a
silver-deposited polyester film, end portions of the film were
bonded to front and rear surfaces of the substrate by a
double-sided pressure-sensitive adhesive tape to thereby
retain and fix the cold-cathode tube.

Reference Example 2

[0133] A normally white liquid-crystal panel having cold-
cathode tubes held on opposite side surfaces was obtained in
the same manner as in Reference Example 1 except that the
low-refractive-index transparent layer of magnesium fluo-
ride was not provided on the back side substrate.

Reference Example 3

[0134] An  acrylic-based  ultraviolet-curable  resin
(ARONIX UV-3701 made by TOAGOSEI CO., L'TD.) was
dropped by a dropper into a mold processed into a prede-
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termined shape in advance so that the mold was filled with
the acrylic-based ultraviolet-curable resin. A 60 um-thick
polycarbonate (PC) film was quietly placed on the acrylic-
based ultraviolet-curable resin and then stuck closely thereto
by a rubber roller so that a surplus of the resin and air
bubbles were removed. Then, the acrylic-based ultraviolet-
curable resin was irradiated with ultraviolet rays by a metal
halide lamp so that the resin was cured. Then, the resin with
the PC film was released from the mold and cut into a
predetermined size. The PC film was released from the resin.
Thus, an optical path control layer (transparent sheet) having
a refractive index of 1.51 was obtained. An acrylic-based
pressure sensitive adhesive layer having a refractive index of
1.51 was attached to a surface of the transparent sheet where
the optical path control layer was not provided.

[0135] Incidentally, the transparent sheet was 22 mm wide
and 28 mm long. The transparent sheet had prism-like
concave portions disposed continuously at intervals of a
pitch of 190 um and having ridgelines inclined at an angle
of 21 degrees in the widthwise direction. Each of the
prism-like concave portions had an optical path changing
slope Al and a steep slope A2 (FIG. 6B). The inclination
angle of each of the optical path changing slopes Al was 42
degrees. The vertical angle between the optical path chang-
ing slope Al and the steep slope A2 was 70 degrees. The
projected width of each of the optical path changing slopes
Al on the reference plane was in a range of from 7 to 12 um.
The area of flat portions A3 was not smaller than 10 times
as large as the total projected area of the optical path
changing slopes Al and the steep slopes A2 on the reference
plane.

Reference Example 4

[0136] A pressure sensitive adhesive layer-including
transparent sheet was obtained in the same manner as in
Reference Example 3 except that another different mold was
used. The transparent sheet had light output means (FIG.
6B) which were 80 um long. Each of the light output means
had an optical path changing slope Al, and a steep slope A2.
The inclination angle of each of the optical path changing
slopes Al was about 42 degrees The projected width of each
of the optical path changing slopes Al on the reference plane
was 10 ym. The inclination angle of each of the steep slopes
A2 was about 75 degrees. The direction of the length of the
light output means was parallel with an incidence side
surface. The light output means were disposed gradually
densely as the position in the light output means was farther
from the incidence side surface in the lengthwise direction
(FIGS. 8, 10, 12 and 14). The area of flat portions A3 was
not smaller than 10 times as large as the total projected area
of the optical path changing slopes Al and the steep slopes
A2 on the reference plane.

Reference Example 5

[0137] A pressure sensitive adhesive layer-including
transparent sheet was obtained-in the same manner as in
Reference Example 3 except that a mold having a surface
roughened by sandblasting was used.

Reference Example 6

[0138] A pressure sensitive adhesive layer-including
transparent sheet was obtained in the same manner as in
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Reference Example 3 except that a further different mold
was used. The transparent sheet had prism-like concave
portions disposed continuously at intervals of a pitch of 190
um (FIG. 6B). Each of the prism-like concave portions had
an optical path changing slope Al, and a steep slope A2. The
inclination angle of each of the optical path changing slopes
Al was 30 degrees. The vertical angle between the optical
path changing slope Al and the steep slope A2 was 70
degrees The projected width of each of the optical path
changing slopes Al on the reference plane was in a range of
from 7 to 12 umn. The area of flat portions A3 was not
smaller than 10 times as large as the total projected area of
the optical path changing slopes Al and the steep slopes A2
on the reference plane.

Reference Example 7

[0139] An optical path control layer was formed in the
same manner as in Reference Example 3. Aluminum was
applied on a light output means-forming surface of the
optical path control layer by vacuum vapor deposition. Thus,
a transparent sheet having a light-reflecting layer provided
on the optical path control layer was obtained.

Reference Example 8

[0140] Aluminum was applied on a surface of a transpar-
ent plastic film by vacuum vapor deposition. Thus, a light-
reflecting sheet was obtained.

Reference Example 9

[0141] Aluminum was applied on a surface of a transpar-
ent plastic film by vacuum vapor deposition. A pressure
sensitive adhesive layer having a refractive index of 1.41
was formed on the aluminum. Thus, a light-reflecting sheet
was obtained.

EXAMPLE 1

[0142] A transparent sheet obtained in Reference Example
3 was bonded, through its pressure sensitive adhesive layer,
to the back side of a liquid-crystal panel obtained in Refer-
ence Example 1. A light-reflecting sheet obtained in Refer-
ence Example 8 was bonded to the back side of the trans-
parent sheet through a pressure sensitive adhesive layer
provided on only the periphery. Thus, a liquid-crystal dis-
play device was obtained.

EXAMPLE 2

[0143] A transparent sheet obtained in Reference Example
3 was bonded, through its pressure sensitive adhesive layer,
to the back side of a liquid-crystal panel obtained in Refer-
ence Example 1. A light-reflecting sheet obtained in Refer-
ence Example 9 was bonded to the back side of the trans-
parent sheet through a pressure sensitive adhesive layer.
Thus, a liquid-crystal display device was obtained.

EXAMPLE 3

[0144] A transparent sheet obtained in Reference Example
4 was bonded, through its pressure sensitive adhesive layer,
to the back side of a liquid-crystal panel obtained in Refer-
ence Example 1. A light-reflecting sheet obtained in Refer-
ence Example 8 was bonded to the back side of the trans-
parent sheet through a pressure sensitive adhesive layer
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provided on only the periphery thereof. Thus, a liquid-
crystal display device was obtained.

EXAMPLE 4

[0145] A transparent sheet obtained in Reference Example
7 was bonded, through its pressure sensitive adhesive layer,
to the back side of a liquid-crystal panel obtained in Refer-
ence Example 1. Thus, a liquid-crystal display device was
obtained.

Comparative Example 1

[0146] A transparent sheet obtained in Reference Example
3 was bonded, through its pressure sensitive adhesive layer,
to the back side of a liquid-crystal panel obtained in Refer-
ence Example 2. A light-reflecting sheet obtained in Refer-
ence Example 8 was bonded to the back side of the trans-
parent sheet through a pressure sensitive adhesive layer
provided on only the periphery thereof. Thus, a liquid-
crystal display device was obtained.

Comparative Example 2

[0147] A transparent sheet obtained in Reference Example
3 was bonded, through its pressure sensitive adhesive layer,
to the back side of a liquid-crystal panel obtained in Refer-
ence Example 2. A light-reflecting sheet obtained in Refer-
ence Example 9 was bonded to the back side of the trans-
parent sheet through a pressure sensitive adhesive layer.
Thus, a liquid-crystal display device was obtained.

Comparative Example 3

[0148] A transparent sheet obtained in Reference Example
5 was bonded, through its pressure sensitive adhesive layer,
to the back side of a liquid-crystal panel obtained in Refer-
ence Example 1. A light-reflecting sheet obtained in Refer-
ence Example 8 was bonded to the back side of the trans-
parent sheet through a pressure sensitive adhesive layer
provided on only the periphery thereof. Thus, a liquid-
crystal display device was obtained.

Comparative Example 4

[0149] A transparent sheet obtained in Reference Example
6 was bonded, through its pressure sensitive adhesive layer,
to the back side of a liquid-crystal panel obtained in Refer-
ence Example 1. A light-reflecting sheet obtained in Refer-
ence Example 8 was bonded to the back side of the trans-
parent sheet through a pressure sensitive adhesive layer
provided on only the periphery thereof. Thus, a liquid-
crystal display device was obtained.

Evaluation Test 1

[0150] Frontal luminance in the center position of the
liquid-crystal display device obtained in each of Examples
and Comparative Examples was measured in a dark room by
a luminance meter (BM-7 made by TOPCON CORP.) while
the cold-cathode tube was switched on in the condition that
the liquid-crystal cell was supplied with no voltage. Further,
display quality was evaluated in the case where display in an
illumination mode was observed at the incidence side sur-
face end, at the center portion and at the opposite end. The
case where the display device was bright and excellent in
uniformity of brightness so that light emerged efficiently was
evaluated as “O”. The case where the display device was
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slightly inferior in brightness and uniformity of brightness
was evaluated as “A”. The case where the display device was
dark and uneven in brightness was evaluated as “X”.

[0151] Results of the measurement were shown in the
following table.

Display Quality

Frontal Incidence
Luminance Side Center Opposite

(cd/m?) Surface End  Portion End
Example 1 58 O O O
Example 2 42 @) @) ®)
Example 3 51 O O O
Example 4 44 O O A
Comparative 29 ®) A A
Example 1
Comparative 25 O A X
Example 2
Comparative 21 A A X
Example 3
Comparative 19 A A X
Example 4

[0152] Tt was apparent from the table that bright and
uniform display in an illumination mode was achieved in
Examples whereas very dark or uneven display occurred in
Comparative Examples. It was also apparent that brightness
and its uniformity were high in Examples 1 and 2 in which
the low-refractive-index transparent layer was provided,
whereas unevenness of brightness supposed to be affected
by the half-transmission reflecting layer was so high that
display became dark rapidly as the position became farther
from the incidence side surface in Comparative Examples 1
and 2 in which the low-refractive-index transparent layer
was not provided. In Comparative Examples 1 and 2, display
was very hard to view.

[0153] In addition, in Comparative Example 3 in which
the optical path control layer surface was roughened and in
Comparative Example 4 in which the inclination angle of the
optical path changing slopes of the optical path control layer
was low, light did not emerge effectively so that display was
dark. In any case of Examples and Comparative Examples,
display in an external light mode was easy to view. The
influence of the low-refractive-index transparent layer was
not observed. It is proved from the description that a thin and
lightweight liquid-crystal display device in which light can
be emitted simply when a light source unit is provided on an
end surface of a liquid-crystal panel without use of any light
pipe and which can be used both in an external light mode
and in an illumination mode can be achieved according to
the invention.

Reference Example 10

[0154] A back side substrate was formed in the same
manner as the Reference Example. On the other hand, a
low-refractive-index transparent layer and an ITO transpar-
ent electrically conductive layer were formed on a non-alkali
glass plate provided in the same manner as described above.
After the transparent electrode was divided into two by
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etching, a film subjected to a rubbing treatment was pro-
vided thereon to thereby obtain a visual side substrate.

[0155] Then, a gap adjusting material was disposed
between the back side and visual side substrates while the
rubbing surfaces of the two substrates were disposed oppo-
site to each other so that the rubbing directions were
perpendicular to each other. After the periphery of the two
substrates was sealed with an epoxy resin, liquid crystal
(ZLI-4792 made by MERCK) was injected between the two
substrates to thereby form a TN liquid-crystal cell. Phase
retarder-including polarizers were stuck onto opposite sur-
faces of the liquid-crystal cell to thereby obtain a normally
white liquid-crystal panel. The panel size was 25 mm wide
and 34 mm long. Then, a cold-cathode tube was disposed on
a side surface of the panel. While the cold-cathode tube was
surrounded by a silver-deposited polyester film, end portions
of the film were bonded to the back side and visual side
substrates by a double-sided pressure-sensitive adhesive
tape so as to be laid from an end portion of the rear surface
of the back side substrate to an end portion of the front
surface of the visual side substrate to thereby retain and fix
the cold-cathode tube.

Reference Example 11

[0156] A liquid-crystal panel was obtained in the same
manner as in Reference Example 10 except that the low-
refractive-index transparent layers of magnesium fluoride
were not provided on the back side and visual side sub-
strates.

EXAMPLE 5

[0157] Transparent sheets obtained in Reference Example
3 were bonded, through their pressure sensitive adhesive
layers, to the back and visual sides of a liquid-crystal panel
obtained in Reference Example 10. A light-reflecting sheet
obtained in Reference Example 8 was bonded to the back
side transparent sheet through a pressure sensitive adhesive
layer provided on only the periphery. Thus, a liquid-crystal
display device was obtained.

EXAMPLE 6

[0158] A liquid-crystal display device was obtained in the
same manner as in Example 1 except that the light-reflecting
sheet was replaced by a light-reflecting sheet obtained in
Reference Example 5.

EXAMPLE 7

[0159] A liquid-crystal display device was obtained in the
same manner as in Example 5 except that the transparent
sheets obtained in Reference Example 3 were replaced by
transparent sheets obtained in Reference Example 4.

EXAMPLE 8

[0160] A liquid-crystal display device was obtained in the
same manner as in Example 5 except that the transparent
sheet obtained in Reference Example 3 was replaced by a
transparent sheet obtained in Reference Example 7 as the
back side transparent sheet and that the light-reflecting sheet
obtained in Reference Example 8 was not used.
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EXAMPLE 9

[0161] A liquid-crystal display device was obtained in the
same manner as in Example 5 except that the transparent
sheet obtained in Reference Example 3 was replaced by a
transparent sheet obtained in Reference Example 4 as the
back side transparent sheet.

Comparative Example 6

[0162] A liquid-crystal display device was obtained in the
same manner as in Example 5 except that the liquid-crystal
panel obtained in Reference Example 10 was replaced by a
liquid-crystal panel obtained in Reference Example 11.

Comparative Example 6

[0163] A liquid-crystal display device was obtained in the
same manner as in Example 6 except that the liquid-crystal
panel obtained in Reference Example 10 was replaced by a
liquid-crystal panel obtained in Reference Example 11.

Comparative Example 7

[0164] A liquid-crystal display device was obtained in the
same manner as in Example 5 except that the transparent
sheets obtained in Reference Example 3 were replaced by
transparent sheets obtained in Reference Example 5.

Comparative Example 8

[0165] A liquid-crystal display device was obtained in the
same manner as in Example 5 except that the transparent
sheets obtained in Reference Example 3 were replaced by
transparent sheets obtained in Reference Example 6.

Comparative Example 9

[0166] A liquid-crystal display device was obtained in the
same manner as in Example 5 except that the transparent
sheet obtained in Reference Example 3 was not disposed on
the visual side.

Comparative Example 10

[0167] A liquid-crystal display device was obtained in the
same manner as in Example 5 except that the transparent
sheet obtained in Reference Example 3 was not disposed on
the back side.

Evaluation Test 2

[0168] Frontal luminance in the center position of the
liquid-crystal display device obtained in each of Examples
and Comparative Examples was measured in a dark room by
a luminance meter (BM-7 made by TOPCON CORP.) while
the cold-cathode tube was switched on in the condition that
the liquid-crystal cell was supplied with no voltage. Further,
display quality was evaluated in the case where display in an
illumination mode was observed at the incidence side sur-
face end, at the center portion and at the opposite end. The
case where the display device was bright and excellent in
uniformity of brightness so that light emerged efficiently was
evaluated as “O”. The case where the display device was
slightly inferior in brightness and uniformity of brightness
was evaluated as “A”. The case where the display device was
dark and uneven in brightness was evaluated as “X”. Results
of the measurement were shown in the following table.
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Display Quality

Frontal Incidence
Luminance Side Center Opposite

(ed/m®) Surface End  Portion End
Example 5 83 O O O
Example 6 77 O O O
Example 7 79 O O O
Example 8 72 O O A
Example 9 84 0] 0] A
Comparative 35 O X X
Example 5
Comparative 30 O X X
Example 6
Comparative 23 A A X
Example 7
Comparative 34 0] X
Example 8
Comparative 47 O A
Example 9
Comparative 42 O A
Example 10
[0169] It was apparent from the table that bright and

uniform display in an illumination mode was achieved in
Examples whereas very dark or uneven display occurred in
Comparative Examples. It was also apparent that brightness
and its uniformity were high in Examples 5 and 6 in which
the low-refractive-index transparent layers were provided,
whereas unevenness of brightness supposed to be affected
by the half-transmission reflecting layer was so high that
display became dark rapidly as the position became farther
from the incidence side surface in Comparative Examples 5
and 6 in which the low-refractive-index transparent layers
were not provided. In Comparative Examples 1 and 2,
display was very hard to view. It was further apparent that
bright and good illumination was achieved even in Example
8 in which the light-reflecting layer closely adhered to the
optical path control layer without any gap and even in
Example 9 in which the visual side optical path control layer
was different in kind from the back side optical path control
layer. It was further apparent that luminance was reduced to
about a half in Comparative Examples 9 and 10 in which the
optical path control layer was disposed on only one side,
compared with Examples.

[0170] In addition, in Comparative Example 7 in which
the optical path control layer surface was roughened and in
Comparative Example 8 in which the inclination angle of the
optical path changing slopes in the optical path control layer
was low, light did not emerge effectively so that display was
dark. In any case of Examples and Comparative Examples,
display in an external light mode was easy to view. The
influence of the low-refractive-index transparent layers was
not observed. It is proved from the description that a thin and
lightweight liquid-crystal display device in which light can
be emitted simply when a light source unit is provided on an
end surface of a liquid-crystal panel without use of any light
pipe and which can be used both in an external light mode
and in an illumination mode can be achieved according to
the invention.
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Reference Example 12

[0171] A back side substrate and a visual side substrate
were formed in the same manner as Reference Example 10.

[0172] Then, a gap adjusting material was disposed
between the back side and visual side substrates while the
rubbing surfaces of the two substrates were disposed oppo-
site to each other so that the rubbing directions were
perpendicular to each other. After the periphery of the two
substrates was sealed with an epoxy resin, liquid crystal
(ZLI-4792 made by MERCK) was injected between the two
substrates to thereby form a TN liquid-crystal cell. Phase
retarder-containing polarizers were stuck onto opposite sur-
faces of the liquid-crystal cell to thereby obtain a normally
white liquid-crystal panel. The panel size was 25 mm wide
and 37 mm long. A side surface of one of the back side and
visual side substrates in a direction of the length thereof was
protruded by about 3 mm from a corresponding side surface
of the other substrate. Then, 1.8 mm-diameter cold-cathode
tubes were disposed on the protruded side surfaces of the
back side and visual side substrates respectively and on
opposite side surfaces of the panel so as to be opposite to
each other with respect to the center of the panel. While the
cold-cathode tubes were surrounded by silver-deposited
polyester films respectively, end portions of the films were
bonded to end portions of front and rear surfaces of the
substrates by double-sided pressure-sensitive adhesive tapes
to thereby retain and fix the cold-cathode tubes.

Reference Example 13

[0173] A liquid-crystal panel was obtained in the same
manner as in Reference Example 12 except that the low-
refractive-index transparent layers of magnesium fluoride
were not provided on the back side and visual side sub-
strates.

EXAMPLE 10

[0174] Transparent sheets obtained in Reference Example
3 were bonded, through their pressure sensitive adhesive
layers, to the back and visual sides of a liquid-crystal panel
obtained in Reference Example 12 so that the optical path
changing slopes of the transparent sheets faced correspond-
ing light sources. A light-reflecting sheet obtained in Ref-
erence Example 8 was bonded to the back side transparent
sheet through a pressure sensitive adhesive layer provided
on only the periphery. Thus, a liquid-crystal display device
was obtained.

EXAMPLE 11

[0175] A liquid-crystal display device was obtained in the
same manner as in Example 1 except that the light-reflecting
sheet was replaced by a light-reflecting sheet obtained in
Reference Example 9.

EXAMPLE 12

[0176] A liquid-crystal display device was obtained in the
same manner as in Example 10 except that the transparent
sheets obtained in Reference Example 3 were replaced by
transparent sheets obtained in Reference Example 4.

EXAMPLE 13

[0177] A liquid-crystal display device was obtained in the
same manner as in Example 10 except that the transparent
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sheet obtained in Reference Example 3 was replaced by a
transparent sheet obtained in Reference Example 7 as the
back side transparent sheet and that the light-reflecting sheet
obtained in Reference Example 8 was not used.

EXAMPLE 14

[0178] A liquid-crystal display device was obtained in the
same manner as in Example 10 except that the transparent
sheet obtained in Reference Example 3 was replaced by a
transparent sheet obtained in Reference Example 4 as the
back side transparent sheet.

Comparative Example 11

[0179] A liquid-crystal display device was obtained in the
same manner as in Example 10 except that the liquid-crystal
panel obtained in Reference Example 12 was replaced by a
liquid-crystal panel obtained in Reference Example 13.

Comparative Example 12

[0180] A liquid-crystal display device was obtained in the
same manner as in Example 11 except that the liquid-crystal
panel obtained in Reference Example 12 was replaced by a
liquid-crystal panel obtained in Reference Example 13.

Comparative Example 13

[0181] A liquid-crystal display device was obtained in the
same manner as in Example 10 except that the transparent
sheets obtained in Reference Example 3 were replaced by
transparent sheets obtained in Reference Example 5.

Comparative Example 14

[0182] A liquid-crystal display device was obtained in the
same manner as in Example 10 except that the transparent
sheets obtained in Reference Example 3 were replaced by
transparent sheets obtained in Reference Example 6.

Comparative Example 15

[0183] A liquid-crystal display device was obtained in the
same manner as in Example 10 except that the transparent
sheet obtained in Reference Example 3 was not disposed on
the visual side.

Comparative Example 16

[0184] A liquid-crystal display device was obtained in the
same manner as in Example 10 except that the transparent
sheet obtained in Reference Example 3 was not disposed on
the back side.

Evaluation Test 3

[0185] Frontal luminance in the center position of the
liquid-crystal display device obtained in each of Examples
and Comparative Examples was measured in a dark room by
a luminance meter (BM-7 made by TOPCON CORP.) while
the cold-cathode tubes were switched on in the condition
that the liquid-crystal cell was supplied with no voltage.
Further, display quality was evaluated in the case where
display in an illumination mode was observed at the inci-
dence side surface end, at the center portion and at the
opposite end. The case where the display device was bright
and excellent in uniformity of brightness so that light
emerged efficiently was evaluated as “O”. The case where
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the display device was slightly inferior in brightness and
uniformity of brightness was evaluated as “A”. The case
where the display device was dark and uneven in brightness
was evaluated as “X”.

[0186] Results of the measurement were shown in the
following table.

Display Quality

Frontal Incidence
Luminance Side Center Opposite

(cd/m? Surface End  Portion End
Example 10 89 ®) ®) @)
Example 11 80 O O O
Example 12 84 O O O
Example 13 78 @) @) A
Example 14 82 ®) ®) A
Comparative 33 O X X
Example 11
Comparative 29 ®) X X
Example 12
Comparative 28 A A X
Example 13
Comparative 33 ®) A X
Example 14
Comparative 52 O A A
Example 15
Comparative 48 O A A
Example 16

[0187] It was apparent from the table that bright and
uniform display in an illumination mode was achieved in
Examples whereas very dark or uneven display occurred in
Comparative Examples. It was also apparent that brightness
and its uniformity were high in Examples 10 and 11 in which
the low-refractive-index transparent layers were provided,
whereas unevenness of brightness supposed to be affected
by the semi-transmission reflection layer was so high that
display became dark rapidly as the position became farther
from the incidence side surface in Comparative Examples 1
and 2 in which the low-refractive-index transparent layers
were not provided. In Comparative Examples 11 and 12,
display was very hard to view.

[0188] It was further apparent that bright and good illu-
mination could be achieved even in Example 13 in which the
light-reflecting layer closely adhered to the optical path
control layer without any gap and even in Example 14 in
which the visual side optical path control layer was different
in kind from the back side optical path control layer. It was
further apparent that luminance was reduced greatly in
Comparative Examples 15 and 16 in which the optical path
control layer was disposed on only one side, compared with
Examples. In addition, in Comparative Example 13 in which
the optical path control layer surface was roughened and in
Comparative Example 14 in which the,inclination angle of
each optical path changing slope of the optical path control
layer was low, light did not emerge effectively so that
display was dark.

[0189] On the other hand, Examples were observed while
the cold-cathode tubes were one by one switched on. As a
result, the light emergence angular characteristic in the
visual side was quite different from that in the back side.
That is, in any case of Examples, light emerged intensively
in a direction opposite to the light source, so that the
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intensity of the light was asymmetric. The same phenom-
enon occurred also in Comparative Examples 15 and 16 in
which the optical path control layer was formed on only one
side, so that a large quantity of light emerged in a side
opposite to the light source side with respect to the viewing
angle. On the contrary, it was apparent that when the two
cold-cathode tubes in Examples were switched on, light rays
emerged at angles complementary to each other to thereby
achieve effective illumination at a wider angle.

[0190] In any case of Examples and Comparative
Examples, display in an external light mode was easy to
view. The influence of the low-refractive-index transparent
layers was not observed at all. It is proved from the
description that a thin and lightweight liquid-crystal display
device in which light can be emitted simply when light
source units are provided on end surfaces of a liquid-crystal
panel without use of any light pipe and which can be used
both in an external light mode and in an illumination mode
can be achieved according to the invention.

[0191] This invention should not be limited to the embodi-
ments described above. Various modifications can be
included in this invention within a range which can be easily
realized by those skilled in the art without departing from the
spirit of the scope of claim.

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

a liquid-crystal display panel;

a light source disposed on a side surface of said liquid-
crystal display panel; and

an optical path control layer, wherein

said liquid-crystal display panel including a liquid-
crystal cell, said liquid-crystal cell having a back
side substrate, a visual side substrate, and liquid
crystal, said back side substrate at least having a
transparent substrate, a low-refractive-index trans-
parent layer lower in refractive index than said
transparent substrate, and a semi-transmission
reflection layer transmitting a part of light while
reflecting the other part of the light, said visual side
substrate having a transparent substrate and a trans-
parent electrode, said liquid crystal being held
between said back side substrate and said visual side
substrate arranged so that said electrode and semi-
transmission reflection layer are opposite to each
other with respect to said liquid crystal, and

said optical path control layer being provided on an outer
side of said back side substrate, said optical path
control layers having a plurality of optical path chang-
ing slopes inclined at an inclination angle of from 35 to
48 degrees with respect to a reference plane of corre-
sponding one of said two substrates, and having a
refractive index higher than that of said low-refractive-
index transparent layer.

2. A liquid-crystal display device according to claim 1,
wherein said low-refractive-index transparent layer is
located between said transparent substrate and said semi-
transmission reflection layer so that said semi-transmission
reflection layer serves also as an electrode.

3. A liquid-crystal display device according to claim 1,
wherein said semi-transmission reflection layer having a
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roughness type light scattering surface is disposed, through
said low-refractive-index transparent layer, on said trans-
parent substrate forming said back side substrate, and a
transparent electrode is disposed, through a surface-smooth
transparent electrically insulating layer, on said semi-trans-
mission reflection layer.

4. A liquid-crystal display device according to claim 1,
further comprising a light reflecting layer disposed on an
outer side of said optical path control layer.

5. A liquid-crystal display device according to claim 4,
wherein said light reflecting layer at least includes a metal
thin film.

6. A liquid-crystal display device according to claim 4,
wherein said light reflecting layer closely adheres to said
optical path control layer without any gap.

7. A liquid-crystal display device according to claim 4,
wherein an air layer is interposed between said light reflect-
ing layer and said optical path control layer.

8. A liquid-crystal display device according to claim 4,
wherein said light reflecting layer is made of a filmy material
and bonded to said optical path control layer by an adhesive
layer having a refractive index lower than that of said optical
path control layer.

9. A liquid-crystal display device according to claim §,
wherein said light reflecting layer at least includes a base
film, and a metal thin film provided on said base film.

10. A liquid-crystal display device according to claim 1,
wherein a refractive index difference between said transpar-
ent substrate forming said back side substrate and said
low-refractive-index transparent layer is not smaller than
0.05.

11. A liquid-crystal display device according to claim 1,
wherein said transparent substrate forming said back side
substrate in said liquid-crystal cell is made of an optically
isotropic material.

12. A liquid-crystal display device according to claim 1,
wherein said liquid-crystal display panel further includes
one polarizer disposed on at least one of opposite two
surfaces of said liquid-crystal cell.

13. A liquid-crystal display device according to claim 12,
wherein said liquid-crystal display panel further includes at
least one phase retarder disposed between said liquid-crystal
cell and said polarizer.

14. A liquid-crystal display device according to claim 1,
wherein each of said optical path control layers includes a
plurality of prism-like roughnesses having optical path
changing slopes facing at least one of said light sources.

15. A liquid-crystal display device according to claim 14,
wherein said prism-like roughnesses in each of said optical
path control layers are constituted by concave portions each
shaped like a triangle in cross section.

16. A liquid-crystal display device according to claim 15,
wherein said prism-like concave portions are constituted by
continuous grooves each of which is extended from one end
of corresponding one of said optical path control layers to
the other end thereof in a ridgeline direction parallel or
inclined to corresponding one of said side surfaces of said
liquid-crystal display panel on which said light sources are
disposed.

17. A liquid-crystal display device according to claim 15,
wherein said prism-like concave portions are constituted by
discontinuous grooves each of which has a length not
smaller than 5 times as large as its depth.
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18. A liquid-crystal display device according to claim 17,
wherein a direction of the length of said discontinuous
grooves in said prism-like concave portions is parallel or
inclined to corresponding one of said side surfaces of said
liquid-crystal display panel on which said light sources are
disposed.

19. A liquid-crystal display device according to claim 14,
wherein: at least two light sources are disposed on opposite
two side surfaces of said back side substrates; and said
prism-like roughnesses of said optical path control layer
provided in said substrate having said two side surfaces on
which said light sources are disposed are constituted by
concave or convex portions each shaped like a triangle or
quadrangle in cross section, said triangle or quadrangle
containing two optical path changing slopes facing said light
sources respectively.

20. A liquid-crystal display device according to claim 1,
wherein said inclination angle of each of said optical path
changing slopes in said optical path control layers is in a
range of from 38 to 45 degrees.

21. A liquid-crystal display device according to claim 1,
wherein each of said optical path control layers is made of
a transparent sheet and bonded to an outer surface side of
said liquid-crystal display panel through an adhesive layer
having a refractive index higher than that of the low-
refractive-index transparent layer.

22. Aliquid-crystal display device according to claim 21,
wherein each of said adhesive layers is constituted by a
pressure sensitive adhesive layer.

23. A liquid-crystal display device according to claim 1,
wherein both the refractive index of each of said optical path
control layers and the refractive index of corresponding one
of said adhesive layers are higher by at least 0.05 than that
of the low-refractive-index transparent layer.

24. A liquid-crystal display device according to claim 1,
wherein each of said light sources is surrounded by a
light-reflective light source holder and disposed and held on
a side surface of said back side substrate in a manner in
which end portions of upper and lower surfaces of said back
side substrate are bonded to end portions of said light source
holder.

25. A liquid-crystal display device according to claim 1,
wherein said light sources are disposed on said side surfaces
of said back side and visual side substrates respectively and
at least on opposite side surfaces of said liquid-crystal
display panel.

26. A liquid-crystal display device according to claim 1,
wherein a liquid-crystal drive circuit is formed between said
low-refractive-index transparent layer and said semi-trans-
mission reflection layer.

27. A liquid-crystal display device according to claim 1,
wherein a side surface of said back side substrate is pro-
truded more outward than a side surface of said visual side
substrate, and said light source is disposed on the side
surface of said back side substrate.

28. A liquid-crystal display device according to claim 1,
wherein two or more light sources are disposed on at least
one side surface of said liquid crystal panel.

29. A liquid-crystal display device according to claim 28,
wherein: said light sources are disposed on opposite two side
surfaces of said liquid crystal panel; and said prism-like
roughnesses of said optical path control layer provided in
said substrate having said two side surfaces on which said
light sources are disposed are constituted by concave or
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convex portions cach shaped like a triangle or quadrangle in
cross section, said triangle or quadrangle containing two
optical path changing slopes facing said light sources
respectively.

30. A liquid-crystal display device according to claim 1,
wherein said light source is surrounded by a light-reflective
light source holder and disposed and held on a side surface
of said liquid crystal panel through said light source holder
in a manner in which said light source straddles from an end
portion of an upper surface of said visual side substrate to an
end portion of a lower surface of said back side substrate.

31. A liquid-crystal display device according to claim 1,
wherein said visual side substrate further includes a low-
refractive-index transparent layer lower in refractive index
than said transparent substrate; two or more light sources
being disposed on a side surface of said liquid crystal panel;
and another optical path control layer being provided on
outer side of said visual side substrate.

32. A liquid-crystal display device according to claim 28,
wherein two or more light sources are disposed on side
surfaces of said back side substrate and said visual side
substrate and at least on side surfaces of said liquid-crystal
display panel which are different from each other

33. A liquid-crystal display device according to claim 28,
wherein said low-refractive-index transparent layers are
located between one of said transparent substrates and said
semi-transmission reflection layer and between the other
transparent substrate and said transparent electrode, respec-
tively, so that said semi-transmission reflection layer serves
also as an electrode.

34. A liquid-crystal display device according to claim 28,
further comprising a light reflecting layer disposed on an
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outer side of said optical path control layer disposed on a
back-side substrate side.

35. A liquid-crystal display device according to claim 28,
wherein a refractive index difference between said transpar-
ent substrate forming said back side or visual side substrate
and the low-refractive-index transparent layer is not smaller
than 0.05.

36. A liquid-crystal display device according to claim 28,
wherein: said light sources are disposed on opposite two side
surfaces of at least one of said back side and visual side
substrates; and said prism-like roughnesses of said optical
path control layer provided in said substrate having said two
side surfaces on which said light sources are disposed are
constituted by concave or convex portions each shaped like
a triangle or quadrangle in cross section, said triangle or
quadrangle containing two optical path changing slopes
facing said light sources respectively.

37. Aliquid-crystal display device according to claim 28,
wherein each of said light sources is surrounded by a
light-reflective light source holder and disposed and held on
a side surface of said visual side or back side substrate in a
manner in which end portions of upper and lower surfaces
of said visual side or back side substrate are bonded to end
portions of said light source holder.

38. A liquid-crystal display device according to claim 28,
wherein a liquid-crystal drive circuit is formed between said
low-refractive-index transparent layer and said semi-trans-
mission reflection layer in said back side substrate.
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