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Description

Technical Field

[0001] The present invention relates to a both surface
display type liquid crystal display device and a portable
apparatus having a both surface display function.

Background Art

[0002] As disclosed in Unexamined Japanese Patent
Application KOKAI Publication No. H10-90678 and Un-
examined Japanese Patent Application KOKAI Publica-
tion No. 2001-290445, a liquid crystal display device in
which two liquid crystal display elements are disposed
back to back with their display surfaces facing the oppo-
site directions from each other, and a surface light source
for emitting a light toward both the liquid crystal display
elements is disposed between them, is know as a both
surface display type liquid crystal display device to be
used in a portable apparatus such as a portable phone,
which has a display function on both surfaces of its case.
[0003] However, using two liquid crystal display ele-
ments as described above costs high, and both surface
display with the use of one liquid crystal display element
is desired.
[0004] As a liquid crystal display device for both sur-
face display using one liquid crystal display element,
there is proposed a liquid crystal display device in which
the screen area of a liquid crystal display element is di-
vided into a first screen portion and a second screen por-
tion so that an image to be viewed from the front is dis-
played by the first screen portion and an image to be
viewed from the back is displayed by the second screen
portion, as disclosed in Unexamined Japanese Patent
Application KOKAI Publication No. 2000-193946 and Un-
examined Japanese Patent Application KOKAI Publica-
tion No. 2001-305525.
[0005] However, in a both surface display type liquid
crystal display device having the screen area of its liquid
crystal display element divided into a first and a second
screen portions, the entire display area of the liquid crys-
tal display element has a size corresponding to the size
of the display screen for the front plus the size of the
display screen for the back which are arranged side by
side. Therefore, the occupation area of this liquid crystal
display device is much larger than that of a display screen
for either front or back display. Accordingly, this liquid
crystal display device can not be used in a portable ap-
paratus such as a portable phone, in which the mount
space for a liquid crystal display device is limited.
[0006] The Japanese Patent Application with the pub-
lication number JP 2000-193946-A discloses a double-
sided liquid crystal panel comprising an area for color
display and an area for black and white display in which
reflecting/polarizing devices are arranged on the whole
of each of the two outer surfaces of the panel, so that the
image can be seen from both sides of the panel. These

reflecting/polarizing devices are provided in addition to
polarizing plates on each side.
[0007] Furthermore, the following documents are per-
tinent to the use of reflecting/ transmitting films in single-
sided liquid crystal display devices. US-B1-6 329 968
discloses a front-light illumination system for the trans-
flective display device based on polarization separation
in a light guide at the interface of two materials with dif-
ferent refractive indices. In WO 00/04417-A a liquid crys-
tal display device according to the preambule of append-
ed claim 1 is disclosed. The liquid crystal device in EP-
A-1 245 994 is of the transflective type with a backlight
and comprises a transflective film on the back substrate.
US 2001/040658 A1 discloses the use of a semitrans-
parent reflective film with apertures corresponding to pix-
els in a transflective liquid crystal display with a backlight.
The transflective liquid crystal display in US
2002/0041351 A1 discloses a pixel electrode with reflec-
tive and transparent portions as semitransparent means.

Disclosure of Invention

[0008] It is an object of the present invention to provide
a liquid crystal display device which is capable of both
surface display using one liquid crystal display element,
capable of reducing its occupation area, and capable of
displaying an image to be viewed from one surface and
an image to be viewed from the other surface in a display
manner using a light from a surface light source and in
a display manner using an external light existing in the
external environment.
[0009] It is another object of the present invention to
provide a liquid crystal display device which is capable
of being miniaturized as a portable apparatus having a
both surface display function, capable of displaying im-
ages to be viewed from the respective surfaces in a suf-
ficiently large screen size, and capable of displaying im-
ages to be viewed form the respective surfaces in a dis-
play manner using a light from a surface light source of
the liquid crystal display device and in a display manner
using an external light.
[0010] To achieve the above objects, a double-sided
liquid crystal display device arranged to display an image
viewable from the back side and the front side of the
device, device according to the present invention com-
prises the features recited in appended claim 1. Further
preferred embodiments of the invention and a portable
apparatus comprising a liquid crystal display device ac-
cording to the invention are defined in dependent claims
2 to 8.
[0011] A liquid crystal display device according to the
invention displays an image to be viewed from the front
by letting a light from the surface light source arranged
at the front of the liquid crystal display element come to
the liquid crystal display element, reflecting a part of the
light coming to each of the plurality of pixels from the front
of the liquid crystal display element by the reflection/
transmission means, and emitting the reflected light to-
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ward the front of the surface light source, and displays
an image to be viewed from the back by letting the other
part of the light permeate the reflection/transmision
means and emitting this light toward the back of the liquid
crystal display element.
[0012] Since this liquid crystal display device displays
an image to be viewed from the front by reflecting a part
of a light coming to each of the plurality of pixels from the
front of the liquid crystal display element, and displays
an image to be viewed from the back by transmitting the
other part of the light, this liquid crystal display device
can display both of an image to be viewed from the front
and an image to be viewed from the back by using the
entire display area of the liquid crystal display element.
Accordingly, the display area of the liquid crystal display
element needs only to have a size corresponding to the
display screen for either front display or back display.
[0013] Accordingly, with this liquid crystal display de-
vice, it is possible to perform both surface display with
the use of only one liquid crystal display element, and to
make the occupation area of the liquid crystal display
device smaller.
[0014] Further, in this liquid crystal display device, the
surface light source which emits a light toward the liquid
crystal display element and transmits lights coming from
its front and its back therethrough is arranged at the front
of the liquid crystal display element. Because of this, this
liquid crystal display, device can transmit an external light
(a light in the external environment) coming from the front
of the surface light source the surface light source and
then come to the liquid crystal display element, can emit
a part of this light that is reflected by the reflection/trans-
mission means toward the front of the surface light
source, and can emit the other part of the light that passes
through the reflection/transmission means toward the
back of the liquid crystal display element, and at the same
time, can transmit an external light coming from the back
of the liquid crystal display element the reflection/trans-
mission means, a liquid crystal cell, and the surface light
source so as to be emitted toward the front. Accordingly,
this liquid crystal display device can display an image to
be viewed from the front by reflection display using a light
from the surface light source, by reflection display using
an external light coming from the front of the surface light
source, and by transmission display using an external
light coming from the back of the liquid crystal display
element, and can display an image to be viewed from
the back by transmission display using a light from the
surface light source and by transmission display using
an external light coming from the front of the surface light
source.
[0015] As described above, according to this liquid
crystal display device of the present invention, both sur-
face display can be achieved with the use of one liquid
crystal display element, the occupation area can be re-
duced, and both of an image to be viewed from one sur-
face (front surface) and an image to be viewed from the
other surface (back surface) can be displayed in a display

manner using a light from the surface light source and in
a display manner using an external light which is a light
in the external environment. The portable apparatus ac-
cording to the invention can be applied to any of a portable
phone, a digital camera, a personal computer, and a vid-
eo camera.
[0016] According to this portable apparatus, since the
liquid crystal display device performs both surface dis-
play with the use of one liquid crystal display element,
the occupation area and volume required by the liquid
crystal display device inside the portable apparatus is
only the occupation area and volume of approximately
one liquid crystal display element. Accordingly, this port-
able apparatus can be miniaturized. Further, images to
be displayed on both surfaces can be displayed in a suf-
ficiently large screen size.
[0017] Further, since the liquid crystal display device
displays an image to be viewed from the front and an
image to be viewed from the back in a display manner
using a light from the surface light source and in a display
manner using an external light, this portable apparatus
can display the images to be displayed on both surfaces
in a display manner using a light from the surface light
source of the liquid crystal display device and in a display
manner using an external light.
[0018] This portable apparatus of the present invention
can be miniaturized by providing display windows to two
opposing external surfaces of the portable apparatus re-
spectively, and mounting the liquid crystal display device
of the present invention inside the portable apparatus
such that the front surface of the liquid crystal display
device faces the display window on one of the two exter-
nal surfaces and the back surface of the liquid crystal
display device faces the display window on the other of
the two external surfaces. Further, this portable appara-
tus can display both images to be viewed from the front
and the back in a sufficiently large screen size, and can
display images on both surfaces in a display manner us-
ing a light from the surface light source of the liquid crystal
display device and in a display manner using an external
light.

Brief Description of Drawings

[0019] These objects and other objects and advantag-
es of the present invention will become more apparent
upon reading of the following detailed description and
the accompanying drawings in which:

FIG. 1 is an exploded perspective view of a liquid
crystal display device according to a first embodi-
ment of the present invention;
FIG. 2 is a fragmentary sectional view of the liquid
crystal display device shown in FIG. 1;
FIG. 3 is a plan view of a surface light source of the
liquid crystal display device shown in FIG. 1;
FIG. 4 is a side view of the surface light source shown
in FIG. 3;
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FIG. 5 is an exemplary diagram showing the arrange-
ment of a solid light emitting element, a light guiding
member, and a light guiding plate of the surface light
source shown in FIG. 3;
FIG. 6 is a fragmentary sectional view of a liquid crys-
tal display device according to a second embodiment
of the present invention;
FIG. 7 is a fragmentary sectional view of a liquid crys-
tal display device according to an example not form-
ing part of the present invention;
FIG. 8 is a fragmentary sectional view of a liquid crys-
tal display device according to another example not
forming part of the present invention;
FIGS. 9A and 9B are perspective views of a portable
phone utilizing a liquid crystal display device of the
present invention;
FIGS. 10A and 10B are perspective views of a digital
camera utilizing a liquid crystal display device of the
present invention;
FIGS. 11A and 11B are perspective views of a per-
sonal computer utilizing a liquid crystal display de-
vice of the present invention; and
FIGS. 12A and 12B are perspective views of a video
camera utilizing a liquid crystal display device of the
present invention.

Best Mode for Carrying Out the Invention

[0020] Liquid crystal display devices will be described
below as embodiments of the present invention with ref-
erence to the accompanying drawings.

(First Embodiment)

[0021] An embodiment of a liquid crystal display device
of the present invention will now be explained below. FIG.
1 to FIG. 5 show a liquid crystal display device according
to a first embodiment of the present invention. FIG. 1 is
an exploded perspective view of the liquid crystal display
device, and FIG. 2 is a fragmentary sectional view of the
liquid crystal display device.
[0022] As shown in FIG. 1 and FIG. 2, the liquid crystal
display device according to the present embodiment
comprises a liquid crystal display element 1, and a sur-
face light source 25 arranged in front (in the upper part
in the drawings) of the liquid crystal display element 1 (in
the upper part in the drawings).
[0023] The liquid crystal display element 1 comprises
a liquid crystal cell 2, reflection/permeation means 10
provided at the back (in the lower part in the drawings)
of a liquid crystal layer 5 of the liquid crystal cell 2, and
a front polarizing plate 16 and a back polarizing plate 17
which are arranged in front of and at the back of the liquid
crystal cell 2. Please note, that permeate an permeation
as used here, is equivalant to transmit and transmission.
[0024] In the liquid crystal cell 2, the liquid crystal layer
5 is provided between a transparent substrate (front sub-
strate) 3 at the front (in the upper part in the drawing) and

a transparent substrate (back substrate) 4 at the back (in
the lower part in the drawings) which are, as shown in
FIG. 2, arranged oppositely from each other. At least one
transparent electrode 6 is provided to one of the opposing
internal surfaces of the front substrate 3 and back sub-
strate 4, and a plurality of transparent electrodes 7 form-
ing a plurality of pixels 80 arranged in a matrix in the area
opposing to the at least one transparent electrode 6 are
provided to the other of the internal surfaces of the sub-
strates.
[0025] The liquid crystal cell 2 is an active matrix type.
The transparent electrode 6 provided to the internal sur-
face of the front substrate 3 is a monolithic-film-like op-
posing electrode 6, and the transparent electrodes 7 pro-
vided to the internal surface of the back substrate 4 are
a plurality of pixel electrodes 7 arranged in a row direction
and a column direction to form a matrix.
[0026] The plurality of pixel electrodes 7 are connected
respectively to a plurality of TFTs (Thin Film Transistors)
8 which are provided to the internal surface of the back
surface 4 so as to correspond to the pixel electrodes 7.
The plurality of TFTs are connected to unillustrated gate
lines and data lines which are provided to the internal
surface of the back substrate 4.
[0027] The liquid crystal cell 2 comprises color filters
9R, 9G, and 9B in plural colors, for example, red, green,
and blue, which correspond respectively to the plurality
of pixels 80. These color filters 9R, 9G, and 9B are formed
on the internal surface of one of the substrates, for ex-
ample, the front substrate 3, so as to cover the entire
area of each pixel 80. The opposing electrode 6 is formed
on the color filters 9R, 9G, and 9B.
[0028] The reflection/permeation means 10 provided
behind the liquid crystal layer 5 of the liquid crystal cell
2 reflects part of a light coming to each of the plurality of
pixels 80 from the front side of the liquid crystal cell 2,
and allows other lights to permeate therethrough. In the
present embodiment, the reflection/permeation means
10 is a half-transparent and half-reflection film which is
made of a very thin aluminum alloy film having a film
thickness of approximately 0.025 Pm or less and which
reflects or allows permeation of an incident light with a
predetermined reflection ratio and a predetermined per-
meation ratio. The reflection/permeation means 10 will
hereinafter be referred to as a half-transparent and half-
reflection film 10.
[0029] The half-transparent and half-reflection film 10
is formed on the internal surface of the back substrate 4
of the liquid crystal cell 2 so as to correspond to the entire
area of each of the plurality of pixels 80.
[0030] The plurality of pixel electrodes 7 are formed
on the plurality of half-transparent and half-reflection
films 10 corresponding to the plurality of pixels 80 re-
spectively.
[0031] In the present embodiment, the pixel electrodes
7 are formed directly upon the half-transparent and half-
reflection films 10 as shown in FIG. 2.
[0032] Aligning films 11 and 12 are provided respec-
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tively to the internal surfaces of the front substrate 3 and
back substrate 4 of the liquid crystal cell 2 so as to cover
the transparent electrode 6 and the transparent elec-
trodes 7.
[0033] The front substrate 3 and the back substrate 4
are connected to each other via a frame-like seal member
13 (see FIG. 1) which encloses the display area where
the pixels 80 are arranged, and the liquid crystal layer 5
is provided in an area enclosed by the frame-like seal
member 13 between the front substrate 3 and the back
substrate 4.
[0034] Liquid crystal molecules of the liquid crystal lay-
er 5 have their aligning direction near the front and back
substrates 3 and 4 defined by the aligning films 11 and
12, and they are oriented in an initial aligning state which
is predefined between the front and back substrates 3
and 4.
[0035] The polarizing plates 16 and 17 arranged at the
front and at the back of the liquid crystal cell 2 are ab-
sorptive polarizing plates 16 and 17 which have absorp-
tion axes (not illustrated) and permeation axes 16a and
17a in orthogonal directions to each other, absorb, of two
linearly-polarized lights orthogonal to each other of an
incident light, one polarized light, and let the other polar-
ized light permeate.
[0036] The liquid crystal display element 1 of the
present embodiment is a TN (Twisted Nematic) type liq-
uid crystal display element of a normally white mode. The
liquid crystal molecules of the liquid crystal display 5 of
the liquid crystal cell 2 are twist-orientated at a twist angle
of substantially 90° between the front and back sub-
strates 3 and 4, and the absorptive polarizing plates 16
and 17 are arranged with their permeation axes 16a and
17a substantially orthogonal to each other.
[0037] The liquid crystal display element 1 further com-
prises retardation plates 18 and 19 which are arranged
between the liquid crystal cell 2 and the polarizing plate
16 at the front and between the liquid crystal cell 2 and
the polarizing plate 17 at the back, and a light scattering
layer (hereinafter referred to as scattering layer) 20 which
is arranged between the liquid crystal cell 2 and the re-
tardation plate 18 at the front, in order to improve the
display contrast and the view angle.
[0038] The surface light source 25 arranged at the front
of the liquid crystal display element 1 (at the front of the
front polarizing plate 16) emits a light toward the entire
display area where the plurality of pixels 80 of the liquid
crystal display element 1 are arranged, and allows a light
coming thereto from its front and its back to permeate
therethrough.
[0039] FIG. 3 and FIG. 4 are the plan view and the side
view of the surface light source 25, and FIG. 5 is an ex-
emplary diagram showing a light emitted from a light guid-
ing member and a light guiding plate of the surface light
source 25.
[0040] As shown in FIG. 3 and FIG. 4, the surface light
source 25 of the present embodiment comprises a light
guiding plate 26, a light guiding member 31 arranged at

the side of the light guiding plate 26, a retardation plate
36 arranged between the light guiding plate 26 and the
light guiding member 31, and a light emitting element 38
arranged at the side of the light guiding member 31.
[0041] The light guiding plate 26 is constituted by a
transparent plate made of an acryl resin plate having an
area opposing to the entire display area of the liquid crys-
tal display element 1. One end surface of the light guiding
plate 26 constitutes an incident surface 27 from which a
light comes to the light guiding plate 26. One of the two
plate surfaces of the transparent plate constituting the
light guiding plate 26 constitutes a flat emission surface
28 from which a light guided by the transparent plate is
emitted, and the other plate surface constitutes a reflec-
tion surface 29 for internally reflecting a light coming from
the incident surface 27 so as to be emitted from the emis-
sion surface 28.
[0042] The reflection surface 29 of the light guiding
plate 26 is constituted by a plurality of prism units 30
which are formed densely in parallel with one another
side by side over the entire surface of the other plate
surface of the light guiding plate 26, and which internally
reflect light coming from the incident surface 27 of the
light guiding plate 26 in a direction in which an angle to
the normal of the emission surface 28 is smaller.
[0043] The plurality of prism units 30 are long and slen-
der prism units which are parallel with the incident surface
27 of the light guiding plate 26 and have a length corre-
sponding to the entire width of the light guiding plate 26,
and whose cross section has a trapezoidal shape. Of
both the side surfaces of each of the prism units 30, the
side surface at the side of the incident surface 27 is
formed as a steep-angle surface which is approximately
perpendicular to the emission surface 28, and the other
side surface is formed as an inclined surface which is
inclined in the direction of the incident surface 27 toward
the external surface of the reflection surface 29 at an
angle of 30 to 60 degrees (preferably, approximately 45
degrees) to the emission surface 28. The top surface
between these side surfaces (steep-angle surface and
inclined surface) is formed as a flat surface parallel with
the emission surface 28.
[0044] FIG. 3 and FIG. 4 show the plurality of prism
units 30 exaggeratedly largely. However, the prism units
30 are formed in a pitch smaller than the pixel pitch of
the liquid crystal cell 2.
[0045] The light guiding plate 26 is for guiding a light
coming from the incident surface 27 so as to be emitted
from the emission surface 28. A light coming into the light
guiding plate 26 from the incident surface 27 either goes
straight in the light guiding plate 26 as shown by arrows
in FIG. 3, or is internally reflected on the emission surface
28 by total internal reflection at the interface with the ex-
ternal air (atmosphere) to come into any of the inclined
surfaces of the plurality of long and slender prism units
30 of the reflection surface 29, and to be internally re-
flected on the inclined surface by total internal reflection
at the interface with the external air toward a direction in
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which an angle to the normal of the emission surface 28
is smaller and then emitted from the emission surface 28.
[0046] The light guiding member 31 arranged at the
side of the light guiding plate 26 is made of a slender
transparent material (for example, acryl resin) having a
square stick shape having a length corresponding to the
incident surface 27 of the light guiding plate 26. One side
surface of the light guiding member 31 forms a slender
emission surface 33 for emitting a light. One of two end
surfaces intersecting with the slender emission surface
33 of the slender transparent material forms an incident
surface 32 from which a light comes to the slender trans-
parent material. The other side surface that is opposing
to the slender emission surface 33 forms a reflection sur-
face 34 for internally reflecting a light coming from the
incident surface 32 so as to be emitted from the slender
emission surface 33.
[0047] The reflection surface 34 at the other side sur-
face of the light guiding member 31 is constituted by a
plurality of prism units 35 which are formed densely in
parallel with one another side by side over the entire sur-
face of the other side surface, and which internally reflect
a light coming from the incident surface 32 of the light
guiding member 31 toward a direction in which an angle
to the normal of the slender emission surface 33 at the
one side surface of the light guiding member 31 is small-
er.
[0048] The plurality of prism units 35 are slender prism
units which are parallel with the incident surface 32 of
the light guiding member 31 and have a length corre-
sponding to the entire width of the other side surface of
the light guiding member 31, and whose cross section
has a triangular shape. Of both the side surfaces of each
of the prism units 35, the side surface at the side of the
incident surface 32 is formed as a steep-angle surface
which is approximately perpendicular to the slender
emission surface 33, and the other side surface is formed
as an inclined surface which is inclined in the direction
of the incident surface 32 toward the external surface of
the reflection surface 34 at an angle of 30 to 60 degrees
(preferably, approximately 45 degrees) to the slender
emission surface 33.
[0049] FIG. 3 shows the plurality of prism units 35 ex-
aggeratedly largely. However, the prism units 35 are ac-
tually formed in a pitch approximately the same as the
pitch of the prism units 30 on the reflection surface 29 of
the light guiding plate 26.
[0050] The light guiding member 31 is for guiding a
light coming from the incident surface 32 to be emitted
from the slender emission surface 33 at the one side
surface of the light guiding member 31. A light coming
into the light guiding member 31 from the incident surface
32 either goes straight in the light guiding member 31 as
shown by arrows in FIG. 3, or is internally reflected on
the slender emission surface 33 by total internal reflection
at the interface with the external air so as to come to any
of the inclined surfaces of the plurality of prism units 35
of the reflection surface 34, and to be internally reflected

on the inclined surface by total internal reflection at the
interface with the external air toward a direction in which
an angle to the normal of the slender emission surface
33 is smaller, and then to be emitted from the entire sur-
face of the slender emission surface 33 with a uniform
distribution of intensity.
[0051] The light guiding member 31 has its slender
emission surface 33 opposing to the incident surface 27
of the light guiding plate 26, such that the slender emis-
sion surface 33 of the light guiding member 31 and the
incident surface 27 of the light guiding plate 26 are ar-
ranged in parallel with each other.
[0052] In the present embodiment, a reflector 37 is pro-
vided behind the reflection surface 34 of the light guiding
member 31, in order to return a light permeating the re-
flection surface 34 and leaking behind the light guiding
member 31 back to the light guiding member 31.
[0053] The retardation plate 36 arranged between the
light guiding plate 26 and the light guiding member 31 is
a λ/2 retardation plate for providing a phase difference
of 1/2 of a wavelength between a normal light and an
abnormal light of a permeation light. The retardation plate
36 rotates the polarization plane of a linearly-polarized
component of a light emitted from the slender emission
surface 33 of the light guiding member 31 by substantially
90 degrees, and then lets the light come to the incident
surface 27 of the light guiding plate 26.
[0054] The λ/2 retardation plate 36 has a slender
shape corresponding to the entire incident surface 27 of
the light guiding plate 26 and the entire slender emission
surface 33 of the light guiding member 31. The λ/2 retar-
dation plate 36 is arranged between the incident surface
27 of the light guiding plate 26 and the slender emission
surface 33 of the light guiding member 31 with one sur-
face adhered to the incident surface 27 of the light guiding
plate 26 by a transparent adhesive agent and the other
surface adhered to the slender emission surface 33 of
the light guiding member 31 by a transparent adhesive
agent.
[0055] The light emitting element 38 arranged so as to
oppose to the incident surface 32 of the light guiding
member 31 is a solid light emitting element 38 which is
constituted by an LED (Light Emitting Diode) and which
emits a white light. For example, a red LED, a green LED,
and a blue LED are molded by a transparent resin to
constitute the solid light emitting element 38, and a white
light made by mixing red, green, and blue lights emitted
from these LEDs is emitted from the solid light emitting
element 38.
[0056] In the surface light source 25, a light emitted
from the solid light emitting element 38 comes into the
light guiding member 31 from the incident surface 32, is
internally reflected on the reflection surface 34 opposite
to the slender emission surface 33 of the light guiding
member 31 to be emitted from the entire slender emission
surface 33 of the light guiding member 31 with a uniform
distribution of intensity toward the incident surface 27 of
the light guiding plate 26, and then comes to the entire
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incident surface 27 of the light guiding plate 26 while
keeping the uniform distribution of intensity so as to be
internally reflected on the reflection surface 29 of the light
guiding plate 26 and emitted from the entire emission
surface 28 of the light guiding plate 26. With this surface
light source 25, a light having a uniform distribution of
strength can be emitted from the entire emission surface
28 of the light guiding plate 26 by using a small number
of light emitting element.
[0057] Further, in the surface light source 25, a light
emitted from the slender emission surface 33 of the light
guiding member 31 comes into the incident surface 27
of the light guiding plate 26 after the polarization plane
of a linearly-polarized component of the light is rotated
by substantially 90 degrees by the λ/2 retardation plate
36 arranged between the incident surface 27 of the light
guiding plate 26 and the slender emission surface 33 of
the light guiding member 31. Therefore, of a light coming
into the light guiding member 31 from the incident surface
32 to be internally reflected on the reflection surface 34
of the ) light guiding member 31 and emitted from the
slender emission surface 33 of the light guiding member
31 and coming into the light guiding plate 26 from the
incident surface 27, a linearly-polarized component hav-
ing a high intensity can be internally reflected on the re-
flection surface 29 of the light guiding plate 26 with a high
reflection intensity and can be emitted from the emission
surface 28 of the light guiding plate 26 as a light having
a sufficient intensity.
[0058] As described above, the light guiding plate 26
lets a light coming from the incident surface 27 go straight
in the light guiding plate 26 or be internally reflected on
the emission surface 28 to come to the reflection surface
29 to be internally reflected on the reflection surface 29
and emitted from the emission surface 28. A linearly-
polarized component that vibrates in the direction per-
pendicular to a plane including the incident light to the
reflection surface 29 and its reflection light (such a com-
ponent will hereinafter be referred to as S wave) is inter-
nally reflected with a higher intensity than that for a line-
arly-polarized component that vibrates within the plane
(hereinafter referred to as P wave).
[0059] Further, as described above, the light guiding
member 31 lets a light coming from the incident surface
32 be internally reflected on the reflection surface 34 to
be emitted from the slender emission surface 33. An S
wave, which is a linearly-polarized component vibrating
in the direction perpendicular to a plane including the
incident light to the reflection surface 34 and its reflection
light is internally reflected with a higher intensity than that
for a P wave, which is a linearly-polarized component
vibrating within the plane.
[0060] Accordingly, of the light emitted from the slen-
der emission surface 33 of the light guiding member 31,
the intensity of the S-wave polarized component is higher
than that of the P-wave polarized component.
[0061] Since the reflection surface 29 of the light guid-
ing plate 26 and the reflection surface 34 of the light guid-

ing member 31 are arranged so as to intersect with each
other at an angle of 90 degrees, a light emitted from the
slender emission surface 33 of the light guiding member
31 is let to come into the light guiding plate 26 from the
incident surface 27 after its polarization plane is rotated
by 90 degrees by the λ/2 retardation plate 36.
[0062] Accordingly, of a light emitted from the slender
emission surface 33 of the light guiding member 31, an
S wave S1 having a high intensity comes to the reflection
surface 29 of the light guiding plate 26 as an S wave S2
which is to be reflected by the reflection surface 29 with
a high reflection intensity. Thus, the surface light source
25 can let a polarized component having a high light in-
tensity that is emitted from the slender emission surface
33 of the light guiding member 31 be internally reflected
on the reflection surface 29 of the light guiding plate 26
with a high reflection intensity, and thus can let a light
having a sufficient intensity be emitted from the emission
surface 28 of the light guiding plate 26.
[0063] Since the surface light source 25 comprises the
light guiding plate 26 in which one end surface of a trans-
parent plate forms the incident surface 27 from which a
light comes, one of two plate surfaces of the transparent
plate forms the emission surface 28 for emitting a light
guided in the transparent plate, and the other plate sur-
face forms the reflection surface 29 for internally reflect-
ing a light coming from the incident surface 27 to be emit-
ted from the emission surface 28, and the light guiding
member 31 for guiding a light from the solid light emitting
element 38 toward the incident surface 27 of the light
guiding plate 26, a light having a sufficient intensity can
be emitted from the entire emission surface 28 of the light
guiding plate 26 with a uniform distribution of intensity.
[0064] Since the surface light source 25 of the present
embodiment comprises only one solid light emitting ele-
ment 38 constituted by an LED as a light emitting ele-
ment, it is possible to reduce the cost required, and re-
duce the amount of electricity to be consumed.
[0065] Further, since the light emitting intensity of the
solid light emitting element 38 can be changed by con-
trolling the drive voltage for the solid light emitting ele-
ment 38, it is possible to arbitrary adjust the intensity of
a light to be emitted from the emission surface 28 of the
light guiding plate 26.
[0066] Further, in the surface light source 25, the re-
flection surface 34 of the light guiding member 31 is con-
stituted by the plurality of prism units 35 for internally
reflecting a light coming from the incident surface 32 of
the light guiding member 31 toward a direction in which
an angle to the normal of the slender emission surface
33 of the light guiding member 31 is smaller, it is possible
to let a light emitted from the slender emission surface
33 of the light guiding member 31 come into the light
guiding plate 26 from around a direction perpendicular
to the incident surface 27 and let the light prevail uniformly
in the light guiding plate 26 to be emitted from the entire
emission surface 28 of the light guiding plate 26 as a light
having a more uniform distribution of intensity.
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[0067] Further, in the surface light source 25, the re-
flection surface 29 of the light guiding member 26 is con-
stituted by the plurality of prism units 30 for internally
reflecting a light coming from the incident surface 27 of
the light guiding plate 26 toward a direction in which an
angle to the normal of the emission surface 28 of the light
guiding plate 26 is smaller, a light having a high frontal
luminance (the luminance of a light emitted in a direction
near the normal of the emission surface 28 of the light
guiding plate 26) can be emitted from the emission sur-
face 28 of the light guiding plate 26.
[0068] The liquid crystal display device of the present
embodiment performs display by letting a light from the
surface light source 25 come to the liquid crystal display
element 1 from its front surface. A light emitted from the
emission surface 28 of the light guiding plate 26 of the
surface light source 25 is polarized by the front polarizing
plate 16 of the liquid crystal display element 1 to be a
linearly-polarized light parallel with the permeation axis
16a as shown by arrows in FIG. 2, permeates the front
retardation plate 18 to be scattered by the scattering layer
20, and comes to the liquid crystal cell 20 from its front.
[0069] The light coming to the liquid crystal cell 20 from
its front is colored by the color filters 9R, 9G, and 9B
corresponding to the respective pixels 80 of the liquid
crystal cell 2 and comes to the liquid crystal layer 5. While
permeating the liquid crystal layer 5, this light is subjected
to a birefringence effect corresponding to the aligning
state of the liquid crystal molecules that is changed by
an electric field applied between the transparent elec-
trode 6 and the transparent electrode 7 of each pixel 80,
and then comes to the half-transparent and half-reflection
film 10 on the internal surface of the back substrate 4 of
the liquid crystal cell 2. Part of the light coming to the
half-transparent and half-reflection film 10 is reflected by
the half-transparent and half-reflection film 10 in accord-
ance with its reflection ratio, and the rest of the light per-
meates the half-transparent and half-reflection film 10.
[0070] The light reflected by the half-transparent and
half-reflection film 10 again permeates the liquid crystal
layer 5 and the color filters 9R, 9G, and 9B to be emitted
to the front of the liquid crystal cell 2 and scattered by
the scattering layer 20, and permeates the front retarda-
tion plate 18 to come to the front polarizing plate 16. Of
this light, a polarized component parallel to the permea-
tion axis 16a of the front polarizing plate 16 permeates
the front polarizing plate 16 and also permeates the light
guiding plate 26 of the surface light source 25 to be emit-
ted to the front of the surface light source 25, and a po-
larized component parallel to the absorption axis of the
front polarizing plate 16 is absorbed into the front polar-
izing plate 16, thereby an image to be viewed from the
front is displayed.
[0071] On the other hand, of the light coming to the
liquid crystal cell 2 from its front, the light permeating the
half-transparent and half-reflection film 10 is emitted to-
ward the back of the liquid crystal cell 2. The light emitted
toward the back of the liquid crystal cell 2 permeates the

back retardation plate 19 and comes to the back polar-
izing plate 17. Of the light coming to the back polarizing
plate 17, a polarized component parallel to the permea-
tion axis 17a of the back polarizing plate 17 permeates
the back polarizing plate 17 to be emitted to the back,
and a polarized component parallel to the absorption axis
of the back polarizing plate 17 is absorbed into the back
polarizing plate 17, thereby an image to be viewed from
the back is displayed.
[0072] In the present embodiment, since the liquid
crystal display element 1 is a normally white mode type,
both of the image to be viewed from the front and the
image to be viewed from the back are color images in
which, a light emitted from a non-electric-field pixel (a
pixel whose liquid crystal molecules are in an initial align-
ing state) that is sandwiched between the transparent
electrodes 6 and 7 between which no electric field is ap-
plied permeates the front and back polarizing plates 16
and 17 to be emitted to the front and back and displayed
as bright display having any of red, green, and blue
colors, and a light emitted from an electric-field-applied
pixel that is sandwiched between the transparent elec-
trodes 6 and 7 between which an electric field by which
liquid crystal molecules are oriented to stand substan-
tially perpendicularly to the front and back substrates 3
and 4 is applied, is absorbed into the front and back po-
larizing plates 16 and 17 to be displayed as dark display
having a black color.
[0073] That is, the present liquid crystal display device
lets a light from the surface light source 25 arranged in
front of the liquid crystal display element 1 come to the
liquid crystal display element 1, lets a part of the light
coming to the plurality of pixels 80 of the liquid crystal
cell 2 from the front of the liquid crystal display element
1 be reflected on the half-transparent and half-reflection
film 10 and emitted toward the front of the surface light
source 25 so that an image to be viewed from the front
will be displayed, and lets the other part of the light per-
meate the half-transparent and half-reflection film 10 to
be emitted toward the back of the liquid crystal display
element 1 so that an image to be viewed from the back
will be displayed.
[0074] Since the present liquid crystal display device
displays an image to be viewed from the front by reflecting
a part of a light coming to the plurality of pixels 80 of the
liquid crystal cell 2 from the front of the liquid crystal dis-
play element 1 and displays an image to be viewed from
the back by allowing the other part of the light to perme-
ate, it can display both of the image to be viewed from
the front and the image to be viewed from the back by
using the entire display area (an area where the plurality
of pixels 80 of the liquid crystal cell 2 are arranged in a
matrix) of the liquid crystal display element 1. According-
ly, the display area of the liquid crystal display element
1 needs only to have a size corresponding to the display
screen for either front display or back display.
[0075] Therefore, according to the present liquid crys-
tal display device, it is possible to achieve both surface
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display by using only one liquid crystal display element
1, and to reduce the occupation area of the liquid crystal
display device in a case where the liquid crystal display
device is mounted on an apparatus, to an area approxi-
mately the same as the display screen for only either
front display or back display.
[0076] Further, since the present liquid crystal display
device is structured by arranging one surface light source
25 in front of the liquid crystal display element 1, it is
possible to reduce the occupation area and volume of
the liquid crystal display device in an apparatus, to ap-
proximately the area and volume of the liquid crystal dis-
play element 1.
[0077] Further, since the present liquid crystal display
device is structured such that the liquid crystal display
element 1 includes the liquid crystal cell 2 and the half-
transparent and half-reflection film 10 which is provided
behind the liquid crystal layer 5 for reflecting a part of a
light coming to the plurality of pixels 80 from the front of
the liquid crystal cell 2 and letting the other part of the
light permeate the half-transparent and half-reflection
film 10, and the surface light source 25 for emitting a light
toward the entire display area where the plurality of pixels
80 of the liquid crystal display element 1 are arranged
and letting lights coming from the front and back perme-
ate the surface light source 25 is arranged in front of the
liquid crystal display element 1, it is possible to, as shown
by broken arrows in FIG. 2, let an external light (a light
in an external environment) coming from the front of the
surface light source 25 permeate the surface light source
25 to come into the liquid crystal cell 2, let a part of this
light that is reflected on the half-transparent and half-
reflection film 10 be emitted toward the front of the surface
light source 25, let the other part of this light that perme-
ates the half-transparent and half-reflection film 10 be
emitted toward the back of the liquid crystal display ele-
ment 1, and let an external light coming from the back of
the liquid crystal display element 1 permeate the half-
transparent and half-reflection film 10, the liquid crystal
cell 2, and the surface light source 25 to be emitted toward
the front.
[0078] Accordingly, the present liquid crystal display
device can display an image to be viewed from the front
by reflection display using a light from the surface light
source 25, by reflection display using an external light
coming from the front of the surface light source 25, and
by permeation display using an external light coming from
the back of the liquid crystal display element 1, and can
display an image to be viewed from the back by perme-
ation display using a light from the surface light source
25 and by permeation display using an external light com-
ing from the front of the surface light source 25.
[0079] In case of display using an external light, an
image to be viewed from the front is displayed by both
of reflection of an external light coming from the front and
permeation of an external light coming from the back in
an environment where the liquid crystal display device
has an external light coming thereto from both of its front

and its back, and is displayed by reflection of an external
light coming from the front in an environment where an
external light does not come to the liquid crystal display
device from its back.
[0080] Further, in case of display using an external
light, if the intensity of an external light that comes to the
liquid crystal display device is insufficient and thus a dis-
play having sufficient brightness can not be obtained, the
surface light source 25 can be used as an auxiliary light
source, so that a light having an intensity supplementing
the intensity of the external light will be emitted from the
surface light source 25 and thereby a display having suf-
ficient brightness will be obtained.
[0081] As described above, the present liquid crystal
display device is structured such that the surface light
source 25 that emits a light toward the liquid crystal dis-
play element 1 and lets lights coming from its front and
back permeate therethrough is arranged in front of the
liquid crystal display element 1 including the liquid crystal
cell 2 and the half-transparent and half-reflection film 10
which is provided behind the liquid crystal layer 5 for re-
flecting a part of a light coming from the front of the liquid
crystal cell 2 to the plurality of pixels 80 and letting the
other part of the light permeate the half-transparent and
half-reflection film 10. Accordingly, it is possible to obtain
both surface display with the use of one liquid crystal
display element 1, to reduce the occupation area and
volume of the liquid crystal display device, and to display
an image to be viewed from the front and an image to be
viewed from the back in a display manner using a light
from the surface light source 25 and in a display manner
using an external light which is a light in the external
environment.
[0082] Further, since the present liquid crystal display
device is provided, behind the liquid crystal layer 5 of the
liquid crystal cell 2 of the liquid crystal display element
1, with the half-transparent and half-reflection film 10 that
reflects an incident light or lets this incident light permeate
therethrough with a predetermined reflection ratio and a
predetermined permeation ratio as reflection/permeation
means, it is possible to let a light be emitted toward the
front and back from the entire area of the plurality of pixels
80 of the liquid crystal cell 2, and to display both of an
image to be viewed from the front and an image to be
viewed from the back by using the entire area of the plu-
rality of pixels 80 of the liquid crystal cell 2 regardless of
whether the display is performed by using a light from
the surface light source 25 or by using an external light.
[0083] Further, the present liquid crystal display device
is provided, between the liquid crystal cell 2 of the liquid
crystal display device 1 and the front polarizing plate 16
and between the liquid crystal cell 2 and the back polar-
izing plate 17, with the retardation plates 18 and 19 for
improving the display contrast and the view angle, and
is provided, between the liquid crystal cell 2 and the front
retardation plate 18, with the scattering layer 20, it is pos-
sible to emit a light which is scattered by the scattering
layer 20 and thereby has a uniform distribution of lumi-
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nance toward the front and the back. Accordingly, both
of an image to be viewed from the front and an image to
be viewed from the back can be a high quality image
having a sufficient contrast and a sufficient view angle,
and having no unevenness in the luminance.
[0084] In the present embodiment, the scattering layer
20 is arranged between the liquid crystal cell 2 and the
front retardation plate 18. However, the scattering layer
20 may be arranged between the front polarizing plate
16 and the front retardation plate 18.

(Second Embodiment)

[0085] FIG. 6 is a fragmentary sectional view of a liquid
crystal display device according to a second embodiment
of the present invention. The liquid crystal display ele-
ment 1 of the liquid crystal display device of the present
embodiment is provided with a reflection film 14 as re-
flection/permeation means behind the liquid crystal layer
5 of the liquid crystal cell 2. The reflection film 14 has
open portions 14a each of which is formed in a region 82
defined in each of a plurality of pixels 80 of the liquid
crystal cell 2, and reflection portions 14b each of which
is formed in another region 81 defined in each of the
plurality of pixels 80. The reflection film 14 is a partial
reflection/permeation layer 14 which reflects, of a light
coming to each of the plurality of pixels 80, a light that
comes to the reflection portions 14b, and lets a light that
comes to the open portions 14a permeate therethrough.
In the present embodiment, it is preferable that the re-
flection film 14 be a metal single-sided reflection film in
which a low reflection treatment is applied to the surface
opposite to the surface facing the liquid crystal layer 5,
and a specular surface treatment is applied to the surface
facing the liquid crystal layer 5. The reflection film 14 is
formed on the internal surface of the back substrate 4 of
the liquid crystal cell 2 to be fitted to approximately 1/2
of the area of each of the pixels 80 arranged in a matrix.
Each of the plurality of pixel electrodes 7 is formed with
its one part (approximately 1/2 of each pixel electrode 7)
overlaid directly upon the reflection film 14.
[0086] Since the liquid crystal display device of the
present embodiment is the same as the liquid crystal dis-
play device of the first embodiment, except that the partial
reflection/permeation layer 14 replaces the half-transpar-
ent and half-reflection film 10 of the first embodiment as
the reflection/permeation means provided behind the liq-
uid crystal layer 5 of the liquid crystal cell 2, the same
components as those in the first embodiment will be de-
noted by the same reference numerals and the explana-
tion for such components will be omitted.
[0087] The present liquid crystal display device lets
one or both of a light from the surface light source 25 and
an external light coming from the front of the surface light
source 25 come to the liquid crystal display element 1
from its front, and lets a part of the light coming to each
of the plurality of pixels 80 of the liquid crystal cell 2, i.e.
a light that comes to the region (reflection display region)

81 within each of the plurality of pixels 80 that corre-
sponds to the reflection portion 14b of the reflection film
14 be reflected by the reflection portion 14b and emitted
toward the front, and lets the other part of the light, i.e. a
light that comes to the region (permeation display region)
82 within each of the plurality of pixels 80 that corre-
sponds to the open portion 14a of the reflection film 14
permeate the open portion 14a to be emitted toward the
back.
[0088] Further, if an external light comes to the liquid
crystal display element 1 also from its back, the present
liquid crystal display device lets a light, of the light coming
from the back, that permeates the open portion 14a and
comes to each of the plurality of pixels 80 of the liquid
crystal cell 2 be emitted toward the front.
[0089] That is, the present liquid crystal display device
displays an image to be viewed from the front by using
one or both of a light that comes to the plurality of pixels
80 of the liquid crystal cell 2 from the front of the liquid
crystal display element 1 (this light including one or both
of a light from the surface light source 25 and an external
light coming from the front of the surface light source 25)
and then is reflected by the reflection portion 14b, and a
light (an external light coming from the back of the liquid
crystal display element 1) that comes to the plurality of
pixels 80 of the liquid crystal cell 2 after permeating the
open portion 14a from the back of the liquid crystal display
element 1, and displays air image to be viewed from the
back by using a light that comes to the plurality of pixels
80 of the liquid crystal cell 2 from the front and permeates
the open portion 14a.
[0090] Accordingly, with the present liquid crystal dis-
play device, likewise the liquid crystal display device of
the first embodiment, it is possible to obtain both surface
display with the use of one liquid crystal display element
1, to reduce the occupation area and volume of the liquid
crystal display device, and to display both of an image
to be viewed from the front and an image to be viewed
from the back in a display manner using a light from the
surface light source 25 and in a display manner using an
external light which is a light in the external environment.
[0091] Since the present liquid crystal display device
comprises, as the reflection/permeation means, the re-
flection film 14 which is formed behind the liquid crystal
layer 5 of the liquid crystal cell 2 of the liquid crystal dis-
play element 1 so as to correspond to the regions 81 and
82 of each of the plurality of pixels 80 of the liquid crystal
cell 2, and lets a light, of a light coming to each of the
plurality of pixels 80, that comes to the reflection portion
14b be reflected thereon, and a light that comes to the
open portion 14a permeate therethrough, it is possible
to display an image to be viewed from the front by letting
a light be emitted toward the front from the predetermined
region 81 within each of the plurality of pixels 80 of the
liquid crystal cell 2, and display an image to be viewed
from the back by letting a light be emitted toward the back
from the other region 82 within each of the plurality of
pixels 80 regardless of whether the display is performed
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by using a light from the surface light source 25 or by
using an external light.
[0092] A part of the liquid crystal layer 5 that corre-
sponds to the reflection display region 81 is thinner than
a part of the liquid crystal layer 5 that corresponds to the
permeation display area 82. Due to this, it is possible to
unify display characteristics such as contrast between
reflection display and permeation display.
[0093] In the present embodiment, the reflection por-
tion 14b is formed so as to correspond to 1/2 of the area
of each of the plurality of pixels 80 of the liquid crystal
cell 2. However, the shapes of the reflection portion 14b
and open portion 14a and the area ratio between them
may be arbitrary. Further, the reflection portion 14b and
the open portion 14a may be formed in one pixel 80 in
plural numbers respectively.

(example not forming part of the present invention,

[0094] FIG. 7 is a fragmentary sectional view of a liquid
crystal display device according to an example not form-
ing part of the present invention. The liquid crystal display
element 1 of the liquid crystal display device of the
present example is provided as reflection/permeation
means, behind the liquid crystal layer 5 of the liquid crys-
tal cell 2, 20 with a polarized light separating element 15
for reflecting, of two different polarized components of
an incident light, one polarized component, and letting
the other polarized component permeate therethrough.
[0095] In the present example, the polarized light sep-
arating element 15 is a reflecting/polarizing element for
reflecting, of two linearly-polarized components orthog-
onal to each other of an incident light, one polarized com-
ponent, and letting the other polarized component per-
meate therethrough. In the present example, a reflecting/
polarizing plate which has a permeation axis and a re-
flection axis (both not illustrated) in orthogonal directions
to each other, and which reflects, of two linearly-polarized
components orthogonal to each other of an incident light,
one polarized component having a vibration surface par-
allel to the reflection axis and lets the other polarized
component having a vibration surface parallel to the per-
meation axis permeate therethrough, is used as the po-
larized light separating element 15. The polarized light
separating element 15 will hereinafter be referred to as
reflecting/polarizing plate.
[0096] In the present example, the reflecting/polarizing
plate 15 is arranged at the back of the back substrate 4
of the liquid crystal cell 2, and the back polarizing plate
(absorptive polarizing plate) 17 which is arranged at the
back portion of the liquid crystal display element 1 in the
first and second embodiments is omitted. Further, the
back retardation plate 19 which is arranged at the back
portion of the liquid crystal display element 1 in the first
and second embodiments is also omitted.
[0097] The liquid crystal display element 1 of the
present example a TN type liquid crystal display element
whose display to be viewed from the front is in a normally

white mode, and the reflecting/polarizing plate 15 is ar-
ranged such that its permeation axis is substantially par-
allel with the permeation axis 16a of the absorptive po-
larizing plate 16 which is arranged at the front of the liquid
crystal cell 2, and its reflection axis is substantially or-
thogonal to the permeation axis 16a of the absorptive
polarizing plate 16.
[0098] The liquid crystal display device of the present
example is the same as the liquid crystal display device
of the first embodiment, except that the reflection/perme-
ation means behind the liquid crystal layer 5 of the liquid
crystal cell 2 is the reflecting/polarizing plate 15 which
serves also as a back polarizing plate. Therefore, the
same components as those in the first embodiment are
denoted by the same reference numerals and explana-
tion of such components will be omitted.
[0099] The present liquid crystal display device lets
one or both of a light from the surface light source 25 and
an external light coming from the front of the surface light
source 25 come to the liquid crystal display element 1
from its front, lets a part of the light coming to each of the
plurality of pixels 80 of the liquid crystal cell 2, i.e. a po-
larized component parallel with the reflection axis of the
reflecting/polarizing plate 15 arranged at the back of the
liquid crystal cell 2 be reflected by the reflecting/polarizing
plate 15 and emitted toward the front, and lets the other
part of the light, i.e. a polarizing component parallel with
the permeation axis of the reflecting/polarizing plate 15
permeate the reflecting/polarizing plate 15 to be emitted
toward the back.
[0100] In a case where an external light comes to the
liquid crystal display element 1 also from its back, the
present liquid crystal display element 1 lets a part of the
light coming from the back, that permeates the reflecting/
polarizing plate 15 and comes to the plurality of pixels 80
of the liquid crystal cell 2 be emitted toward the front.
[0101] That is, the present liquid crystal display device
displays an image to be viewed from the front by using
one or both of a light that comes to each of the plurality
of pixels 80 of the liquid crystal cell 2 from the front of the
liquid crystal display element 1 (this light including one
or both of a light from the surface light source 25 and an
external light coming form the front of the surface light
source 25) and is reflected by the reflecting/polarizing
plate 15 and a light (an external light coming from the
back of the liquid crystal display element 1) that perme-
ates the reflecting/polarizing plate 15 from the back of
the liquid crystal display element 1 and comes to each
of the plurality of pixels 80 of the liquid crystal cell 2, and
displays an image to be viewed from the back by using
a light that comes to each of the plurality of pixels 80 of
the liquid crystal cell 2 from the front and permeates the
reflecting/polarizing plate 15.
[0102] Accordingly, with the present liquid crystal dis-
play device, it is possible to achieve both surface display
with the use of one liquid crystal display element 1, to
reduce the occupation area of the liquid crystal display
device, and to display both of an image to be viewed from
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the front and an image to be viewed from the back in a
display manner using a light from the surface light source
25 and in a display manner using an external light which
is a light in the external environment, likewise the liquid
crystal display device of the first embodiment.
[0103] In the present liquid crystal display device, since
a part of an external light coming from the back is reflected
by the reflecting/polarizing plate 15, the background of
the entire back screen looks like a specular surface due
to the reflected light. An image to be viewed from the
back is displayed in the specular surface background by
a light that comes from the front and permeates the re-
flecting/polarizing plate 15.
[0104] Since the present liquid crystal display device
comprises as the reflection/permeation means, the re-
flecting/polarizing plate 15 for reflecting, of two different
linearly-polarized components of an incident light, one
polarized component, and letting the other polarized
component permeate therethrough behind the liquid
crystal layer 5 of the liquid crystal cell 2 of the liquid crystal
display element 1, it can let a light be emitted from the
entire area of the plurality of pixels 80 of the liquid crystal
cell 2 toward the front and the back and display both of
an image to be viewed form the front and an image to be
viewed from the back by using the entire area of the plu-
rality of pixels 80 of the liquid crystal cell 2, regardless of
whether the display is performed by using a light from
the surface light source 25 or by using an external light.

(Another example not forming part of the present inven-
tion.

[0105] FIG. 8 is a fragmentary sectional view of a liquid
crystal display device according to another example not
belonging to the present invention. The liquid crystal dis-
play device of the present example comprises a light scat-
tering layer (hereinafter referred to as scattering layer)
21 behind the reflecting/polarizing plate 15 of the third
embodiment.
[0106] The present liquid crystal display device lets an
external light coming from the back of the liquid crystal
display element 1 be scattered by the scattering layer 21
and come to the reflecting/polarizing plate 15, and lets a
light returning to the back by being reflected by the re-
flecting/polarizing plate 15 (a polarized component hav-
ing a vibration surface parallel with the reflection axis of
the reflecting/polarizing plate 15) and a light that comes
from the front of the liquid crystal display element 1 to be
emitted toward the back be scattered by the scattering
layer 21.
[0107] The present liquid crystal display device can
change the background of the back screen made by the
light reflected by the reflecting/polarizing plate 15 from
the specular surface background of the above third em-
bodiment to a white background due to scattering of the
reflected light, and can restrict floating of the dark display
level of the image to be viewed from the back due to
scattering of the reflected light, thereby the contrast of

the image to be viewed from the back can be improved.
[0108] In this and the previous example, a polarized
light separating element constituted by the reflecting/po-
larizing plate 15 is provided as the reflection/permeation
means behind the liquid crystal layer 5 of the liquid crystal
cell 2 of the liquid crystal display element 1. As long as
having a polarized light separating characteristic of re-
flecting, of two different polarized components of an in-
cident light, one polarized component and letting the oth-
er polarized component permeate, the polarized light
separating element may be structured by sandwiching a
circularly-polarized light separating plate (for example, a
polarized light separating plate made of a cholesteric liq-
uid crystal film) for reflecting, of two circularly-polarized
components of an incident light rotating rightward and
leftward respectively, one circularly-polarized compo-
nent and letting the other circularly-polarized component
permeate therethrough, between a pair of retardation
plates (λ/4 plates) one of which circularly polarizes a lin-
early-polarized light coming thereto and lets this light
come to the circularly-polarized light separating plate,
and the other of which linearly polarizes the circularly-
polarized light emitted from the circularly-polarized light
separating plate and emits this light.
[0109] The liquid crystal display device of the two ex-
amples comprises a TN type liquid crystal display ele-
ment 1. However, the liquid crystal display element is not
limited to the TN type, but a liquid crystal display element
of an STN (Super Twisted Nematic) type, a non-twisted
homogeneous aligning type, a ferroelectric type, an an-
tiferroelectric type, etc. may be used.
[0110] Further, the liquid crystal display element is not
limited to a normally white mode type, but may be a nor-
mally black mode type. The liquid crystal cell is not limited
to an active matrix type, but may be a simple matrix type.
[0111] Further, in the surface light source 25 of the
liquid crystal display device of the above-described em-
bodiments, the reflection surface 34 of the light guiding
member 31 is constituted by the plurality of prism units
35 which internally reflect a light coming from the incident
surface 32 of the light guiding member 31 toward a di-
rection in which an angle to the normal of the slender
emission surface 33 of the light guiding member 31 is
smaller. However, the reflection surface 34 of the light
guiding member 31 may be constituted by continuous
inclined surfaces which are inclined toward the slender
emission surface 33 in the direction from the incident
surface 32 to its opposing surface of the light guiding
member 31.
[0112] Further, in the surface light source 25 of the
above-described embodiments, the reflection surface 29
of the light guiding plate 26 is constituted by the plurality
of prism units 30 which internally reflect a light coming
from the incident surface 27 of the light guiding plate 26
toward a direction in which an angle to the normal of the
emission surface 28 of the light guiding member 26 is
smaller. However, the reflection surface 29 of the light
guiding plate 26 may be constituted by continuous in-
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clined surfaces which are inclined toward the emission
surface 28 in the direction from the incident surface 27
to its opposing surface of the light guiding plate 26.
[0113] Further, in the surface light source 25 of the
above-described embodiments, one solid light emitting
element 38 is arranged so as to oppose to the incident
surface 32 of the light guiding member 31. However, in
a case where the area of the incident surface 32 of the
light guiding member 31 is larger than that of the solid
light emitting element 38, a plurality of solid light emitting
elements 38 may be arranged so as to oppose to the
incident surface 32 of the light guiding member 31.
[0114] Further, in the surface light source 25 of the
above-described embodiments, one end surface of the
light guiding plate 26 is formed as the incident surface
27, the light guiding member 31 whose one end surface
is formed as the incident surface 32 is arranged so as to
oppose to the incident surface 27 of the light guiding plate
26, and the solid light emitting element 38 is arranged so
as to oppose to the incident surface 32 of the light guiding
member 31. However, both of the end surfaces of the
light guiding member 31 may be formed as incident sur-
faces 32 respectively, and solid light emitting elements
38 may be arranged so as to oppose to both of the inci-
dent surfaces 32. Further, both of the end surfaces of the
light guiding plate 26 may be formed as incident surfaces
27, and λ/2 retardation plates 36 and light guiding mem-
bers 31 may be arranged so as to oppose to both of the
incident surfaces 27 as well as solid light emitting ele-
ments 38 may be arranged so as to oppose to the incident
surfaces 32 of these light guiding members 31 on both
sides.
[0115] Further, the surface light source 25 arranged at
the front of the liquid crystal display element 1 may not
comprise the light guiding member 31, but may comprise
a light emitting element constituted by a straight tubular
cold-cathode tube which is arranged so as to oppose to
the incident surface 27 of the light guiding member 26,
as long as the surface light source 25 keeps its function
of emitting a light toward the liquid crystal display element
1 and letting lights coming from both its front and back
permeate therethrough.
[0116] Next, an example where the liquid crystal dis-
play device of the present invention is applied to a port-
able apparatus will be explained. FIG. 9A and FIG. 9B
are perspective views of a portable phone as a portable
apparatus. FIG. 10A and FIG. 10B are perspective views
of a digital camera as a portable apparatus. FIG. 11A
and FIG. 11B are perspective views of a personal com-
puter as a portable apparatus. FIG. 12A and FIG. 12B
are perspective views of a digital video camera as a port-
able apparatus.
[0117] The portable apparatus shown in FIG. 9A and
FIG. 9B is a folding portable phone 40. The portable
phone 40 comprises a body 41 having a keyboard 42 on
the top surface thereof, and a lid 43 which has display
sections 44a and 44b on the two opposing external sur-
faces thereof, and is rotatably opened and closed with

respect to the body 41.
[0118] While the lid 43 is opened as shown in FIG. 9A,
the portable phone 40 displays main information such as
addressee data and e-mails which are to be sent or have
been received on the main display section 44a on the
internal surface (the surface facing the user of the port-
able phone 40 when the lid 43 is opened) of the lid 43.
While the lid 43 is closed as shown in FIG. 9B, the port-
able phone 40 displays sub information such as a clock
and addressor data on the sub display section 44b on
the external surface of the of the lid 43. The display sec-
tions 44a and 44b on both surfaces of the portable phone
40 are provided with display windows 45a and 45b on
the internal surface and external surface of the lid 43.
The liquid crystal display device of any one of the above-
described embodiments, for example the liquid crystal
display device of the first embodiment is set inside the
lid 43 such that the front surface of the liquid crystal dis-
play device, i.e. the surface on the side of the light guiding
plate 26 of the surface light source 25 is positioned so
as to be viewed from the display window 45a on the in-
ternal surface of the lid 43, and the back surface of the
liquid crystal display device, i.e. the surface on the side
of the back polarizing plate 17 of the liquid crystal display
element 1 is positioned so as to be viewed from the dis-
play window 45b on the external surface of the lid 43.
[0119] The portable phone 40 is provided with display
drive means for driving the liquid crystal cell 2 of the liquid
crystal display element 1 of the liquid crystal display de-
vice in a manner that the portable phone 40 displays an
image reversely in the left-to-right or right-to-left direction
between when the lid 43 is opened and when the lid 43
is closed. Accordingly, a proper image having no reverse
can be displayed on the main display section 44a on the
internal surface of the lid 43 and on the sub display sec-
tion 44b on the external surface of the lid 43.
[0120] FIG. 10A and FIG. 10B show a thin digital cam-
era 50. The digital camera 50 comprises display sections
54a and 54b at positions corresponding to each other
back to back on the two opposing external surfaces of
its camera body 51 provided with a photographing lens
52 and a finder 53, i.e. the back surface (the surface
facing the user) shown in FIG. 10A, and the front surface
(the surface facing the photo subject) shown in FIG. 10B.
[0121] The digital camera 50 displays an image being
photographed and an already photographed and stored
image on the main display section 54a on the back sur-
face and on the sub display section 54b on the front sur-
face. The display sections 54a and 54b on the both sur-
faces of the digital camera 50 are provided with display
windows 55a and 55b on the back surface and front sur-
face of the camera body 51. The liquid crystal display
device of any one of the above-described embodiments,
for example the liquid crystal display device of the first
embodiment is set inside the camera body 51 such that
the front surface of the liquid crystal display device (the
front surface of the light guiding plate 26 of the surface
light source 25) is positioned so as to be viewed from the
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display window 55a on the back surface of the camera
body 51, and the back surface of the liquid crystal display
device (the back surface of the back polarizing plate 17
of the liquid crystal display element 1) is positioned so
as to be viewed from the display window 55b on the front
surface of the camera body 51.
[0122] The digital camera 50 can display an image be-
ing photographed and an already photographed and
stored image on either of the main display section 54a
and the sub display section 54b that is selected, and can
also display such an image on both of the main display
section 54a and the sub display section 54b at the same
time. In a case where displaying an image on either of
the main display section 54a and the sub display section
54b that is selected, the digital camera 50 can display
this image properly with no reverse on either of the main
display section 54a and the sub display section 54b that
is selected, by driving the liquid crystal cell 2 of the liquid
crystal display element 1 of the liquid crystal display de-
vice in a manner that the image is displayed reversely in
the left-to-right or right-to-left direction between when the
image is displayed on the main display section 54a and
when the image is displayed on the sub display section
54b. In a case where displaying an image on both of the
main display section 54a and the sub display section 54b
at the same time, the digital camera 50 displays a proper
image on one of the display sections 54a and 54b, for
example, on the main display section 54a, and displays
on the other display section 54b, an image reversed left-
side right or right-side left from the proper image on the
main display section 54a.
[0123] FIG. 11A and FIG. 11B show a lap-top personal
computer 60. The personal computer 60 comprises a
body 61 having a keyboard 62 on the top surface thereof,
and a lid 63 which has display sections 64a and 64b on
its two opposing external surfaces and is rotatably
opened and closed with respect to the body 61.
[0124] While the lid 63 is opened as shown in FIG.
11A, the lap-top personal computer 60 displays main in-
formation on the main display section 64a on the internal
surface (the surface facing the user of the personal com-
puter 60 when the lid 63 is opened) of the lid 63. While
the lid 63 is closed as shown in FIG. 11B, the personal
computer 60 displays sub information on the sub display
section 64b on the external surface of the of the lid 63.
The display sections 64a and 64b on both surfaces of
the personal computer 60 are provided with display win-
dows 65a and 65b on the internal surface and external
surface of the lid 63. The liquid crystal display device of
any one of the above-described embodiments, for exam-
ple the liquid crystal display device of the first embodi-
ment is set inside the lid 63 such that the front surface
of the liquid crystal display device (the front surface of
the light guiding plate 26 of the surface light source 25)
is positioned so as to be viewed from the display window
65a on the internal surface of the lid 63, and the back
surface of the liquid crystal display device (the back sur-
face of the back polarizing plate 17 of the liquid crystal

display element 1) is positioned so as to be viewed from
the display window 65b on the external surface of the lid
63.
[0125] Even when the lid 63 is closed, the lap-top per-
sonal computer 60 can partly display a clock and illus-
trations in a part of the sub display section 64b on the
external surface of the lid 63, or can display a television
image on the entire sub display section 64b. By driving
the liquid crystal cell 2 of the liquid crystal display element
1 of the liquid crystal display device in a manner that an
image is displayed reversely in the left-to-right or right-
to-left direction between when the lid 63 is opened and
when the lid 63 is closed., the personal computer 60 can
display a proper image having no reverse on both of the
main display section 64a on the internal surface of the
lid 63 and the sub display section 64b on the external
surface of the lid 63.
[0126] The lap-top personal computer 60 may be so
structured as to include a transparent touch input panel
which would be arranged at the sub display section 64b
on the external surface of the lid 63 so as to be overlaid
on the back surface of the liquid crystal display device.
With this structure, even when the lid 63 is closed, the
personal computer 60 can be used for inputting informa-
tion from the touch input panel and displaying this infor-
mation on the sub display section 64b.
[0127] FIG. 12A and FIG. 12B show a video camera
70. The video camera 70 comprises a camera body 71
which are provided with a photographing lens 72 and a
finder 73 and which has a monitor storage unit 74 in its
one side surface, and a monitor unit 75 which has display
sections 76a and 76b on its two opposing external sur-
faces and which is used by being stood from the monitor
storage unit 74.
[0128] The video camera 70 displays an image being
photographed and an already photographed and stored
image on the main display section 76a on the back sur-
face of the monitor unit 75 shown in FIG. 12B and on the
sub display section 76b on the front surface of the monitor
unit 75 shown in FIG. 12A. The display sections 76a and
76b on both surfaces of the monitor unit 75 are provided
with display windows 77a and 77b on the back surface
and front surface of the monitor unit 75. The liquid crystal
display device of any one of the above-described em-
bodiments, for example the liquid crystal display device
of the first embodiment is set inside the monitor unit 75
such that the front surface of the liquid crystal display
device (the front surface of the light guiding plate 26 of
the surface light source 25) is positioned so as to be
viewed from the display window 77a on the back surface
of the monitor unit 75, and the back surface of the liquid
crystal display device (the back surface of the back po-
larizing plate 17 of the liquid crystal display element 1)
is positioned so as to be viewed from the display window
77b on the front surface of the monitor unit 75.
[0129] The video camera 70 can display an image be-
ing photographed and an already photographed and
stored image on either of the main display section 76a
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and sub display section 76b of the monitor unit 75 that
is selected, and can also display such an image on both
of the main display section 76a and the sub display sec-
tion 76b at the same time. In a case where displaying an
image on either of the main display section 76a and the
sub display section 76b that is selected, the video camera
70 can display this image properly with no reverse on
either of the main display section 76a and the sub display
section 76b that is selected, by driving the liquid crystal
cell 2 of the liquid crystal display element 1 of the liquid
crystal display device in a manner that the image is dis-
played reversely in the left-to-right or right-to-left direction
between when the image is displayed on the main display
section 76a and when the image is displayed on the sub
display section 76b. In a case where displaying an image
on both of the main display section 76a and the sub dis-
play section 76b at the same time, the video camera 70
displays a proper image on one of the display sections
76a and 76b, for example, on the main display section
76a, and displays on the other display section 76b, an
image reversed left-side right or right-side left from the
proper image on the main display section 76a.
[0130] Since the liquid crystal display device which is
mounted inside the portable apparatuses 40, 50, 60, and
70 shown in FIGS. 9A and 9B to FIGS. 12A and 12B
performs both surface display with the use of one liquid
crystal display element 1, the occupation area and vol-
ume required by the liquid crystal display device inside
each apparatus is only the occupation area and volume
of approximately one liquid crystal display element 1. Ac-
cordingly, each apparatus can be miniaturized. Further,
each apparatus can display images on both surfaces in
a sufficiently large screen size, and can be manufactured
at a lower cost than an apparatus in which a both surface
display type liquid crystal display device including two
liquid crystal display elements is mounted.
[0131] Further, since the liquid crystal display device
displays images to be viewed from the front and back in
a display manner using a light from the surface light
source 25 and in a display manner using an external light,
the apparatuses 40, 50, 60, and 70 can display images
on both surfaces in a display manner using a light from
the surface light source 25 of the liquid crystal display
device and in display manner using an external light.
[0132] The present invention can be applied not only
to the portable phone 40, the digital camera 50, the lap-
top personal computer 60, and the video camera 70 de-
scribed above, but also to other portable apparatuses.
In that case too, display windows may be provided on
two opposing external surfaces of the apparatus, and
any of the above-described liquid crystal display devices
may be mounted inside the apparatus such that the front
surface of the liquid crystal display device faces the dis-
play window on one of the two external surfaces of the
apparatus and the back surface of the liquid crystal dis-
play device faces the display window on the other of the
two external surfaces.
[0133] Various embodiments may be made without de-

parting from the scope of the invention as defined in the
attached claims. The above-described embodiments are
intended to illustrate the present invention, not to limit
the scope of the present invention.

Claims

1. A double-sided liquid crystal display device arranged
to display an image viewable from the back side and
the front side of the device, comprising:

a first substrate (3) and a second substrate (4)
which are arranged so as to oppose to each oth-
er;
at least one first electrode (6) which is formed
on one of opposing internal surfaces of said first
substrate (3) and said second substrate (4);
a plurality of second electrodes (7) which are
formed on the other of the opposing internal sur-
faces of said first substrate (3) and said second
substrate (4), and which form a plurality of pixels
(80) arranged in a matrix in an area opposing to
said first electrode (6) on the one internal sur-
face;
a liquid crystal layer (5) which is sealed in a pre-
determined gap between said first substrate (3)
and said second substrate (4);
a pair of polarizing plates (16, 17) which are ar-
ranged so as to sandwich said first substrate (3)
and said second substrate (4); and
a reflection/transmission means (10, 14) which
is provided between said liquid crystal layer (5)
and one of said pair of polarizing plates (16, 17),
and which reflects a part of a light coming to
each of said plurality of pixels (80) and transmits
the other part of the light,
a surface light source (25) which is arranged on
the other side of said liquid crystal layer (5) so
as to oppose to the other of said pair of polarizing
plates (16, 17), and which emits a light toward
said opposing other polarizing plate (16), and
transmits lights coming to said surface light
source (25) from a side of the opposing other
polarizing plate (16) and from a side opposing
to this side,

wherein said reflection/transmission means (10, 14)
is constituted by an aluminum alloy film (10) having
a thickness of 0.025 Pm or less, or by a metal reflec-
tion film (14) having an open portion (14a) and a
reflection portion (14b) formed for each of said pixels
(80) to constitute a partial reflection/ transmission
layer (14) which reflects, of a light coming to each of
said pixels (80), a light that comes to said reflection
portion (14b), and transmits a light that comes to said
open portion (14a), and
said first and second substrates (3, 4), said first and
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second electrodes (6, 7) and said pair of polarizing
plates (16, 17) are transparent,
characterized in that
said aluminum alloy film (10) or said metal reflection
film (14), which has said open portion (14a) and said
reflection portion (14b), of said reflection/transmis-
sion means (10, 14), is formed to be laminated on
the internal surface of the same of said first substrate
(3) or said second substrate (4) on which said plu-
rality of second electrodes (7) is formed, such that
said plurality of second electrodes (7) is formed di-
rectly upon said aluminum alloy film (10) or said met-
al reflection film (14).

2. The liquid crystal display device according to claim
1, further comprising two retardation plates (18, 19)
which are arranged between said pair of polarizing
plates (16, 17) so as to sandwich said first substrate
(3) and said second substrate (4).

3. The liquid crystal display device according to claim
1, further comprising a scattering layer (20) which is
arranged between said other polarizing plate (16)
and said first substrate (3) or said second substrate
(4) on a side of said other polarizing plate (16).

4. The liquid crystal display device according to claim
1, wherein, in the case that said reflection/transmis-
sion means (10, 14) is constituted by a metal reflec-
tion film (14) having an open portion (14a) and a
reflection portion (14b) formed for each of said pixels
(80), a part of said liquid crystal layer (5) that corre-
sponds to the reflection display region is thinner than
a part of said liquid crystal layer (5) that corresponds
to the transmission display region.

5. The liquid crystal display device according to claim
1, wherein, in the case that said reflection/transmis-
sion means (10, 14) is constituted by a metal reflec-
tion film (14) having an open portion (14a) and a
reflection portion (14b) formed for each of said pixels
(80), said partial reflection/transmission layer (14) is
constituted by a metal reflection film in which an
opening having a predetermined size is formed for
each of said plurality of pixels (80).

6. A portable apparatus comprising:

a liquid crystal display device according to any
of claims 1 to 5; and
a body which is provided with display windows
on its two opposing external surfaces, and inside
which said liquid crystal display device is accom-
modated,

wherein said liquid crystal display device is accom-
modated in said body such that a front surface of
said liquid crystal display device is faced with said

display window on one of the two external surfaces,
and a back surface of said liquid crystal display de-
vice is faced with said display window on the other
of the two external surfaces.

7. The portable apparatus according to claim 6, where-
in said portable apparatus is a portable phone (40).

8. The portable apparatus according to claim 6, where-
in said portable apparatus is a personal computer
(60).

Patentansprüche

1. Doppelseitige Flüssigkristall-Bildschirmvorrichtung,
die so eingerichtet ist, dass sie ein Bild anzeigt, das
von der Rückseite und der Vorderseite der Vorrich-
tung betrachtet werden kann, wobei sie umfasst:

ein erstes Substrat (3) und ein zweites Substrat
(4), die so angeordnet sind, dass sie einander
gegenüberliegen;
wenigstens eine erste Elektrode (6), die an einer
von einander gegenüberliegenden Innenflä-
chen des ersten Substrats (3) und des zweiten
Substrats (4) ausgebildet ist;
eine Vielzahl zweiter Elektroden (7), die an der
anderen der einander gegenüberliegenden In-
nenflächen des ersten Substrats (3) und des
zweiten Substrats (4) ausgebildet sind und die
eine Vielzahl von Pixeln (80) bilden, die in einer
Matrix in einem Bereich angeordnet sind, der
der ersten Elektrode (6) an der einen Innenflä-
che gegenüberliegt;
eine Flüssigkristallschicht (5), die in einem vor-
gegebenen Zwischenraum zwischen dem er-
sten Substrat (3) und dem zweiten Substrat (4)
eingeschlossen ist,
ein Paar polarisierender Platten (16, 17), die so
angeordnet sind, dass sie das erste Substrat (3)
und das zweite Substrat (4) einschließen; und
eine Reflektions-/Durchlasseinrichtung (10, 14),
die zwischen der Flüssigkristallschicht (5) und
einer der paarigen polarisierenden Platten (16,
17) vorhanden ist und die einen Teil eines Lich-
tes, das zu jedem der Vielzahl von Pixeln (80)
gelangt, reflektiert und
den anderen Teil des Lichtes durchlässt,
eine Oberflächen-Lichtquelle (25), die an der
anderen Seite der Flüssigkristallschicht (5) so
angeordnet ist, dass sie der anderen der paari-
gen polarisierenden Platten (16, 17) gegenüber-
liegt, und die ein Licht auf die gegenüberliegen-
de andere polarisierende Platte (16) zu emittiert
und Licht durchlässt, das von einer Seite der
gegenüberliegenden anderen polarisierenden
Platte (16) und von zu einer dieser Seite gegen-
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überliegenden Seite zu der Oberflächen-Licht-
quelle (25) gelangt,

wobei die Reflektions-/Durchlasseinrichtung (10,
14) durch einen Aluminiumlegierungs-Film (10), der
eine Dicke von 0,025 Pm oder weniger hat, oder
durch einen Metall-Reflexionsfilm (14) gebildet wird,
der einen offenen Abschnitt (14a) und einen Reflek-
tionsabschnitt (14b) hat, die für jedes der Pixel (80)
ausgebildet sind, um eine Teilreflexions-/Durch-
lassschicht (14) zu bilden, die von einem Licht, das
zu jedem der Pixel (80) gelangt, ein Licht reflektiert,
das zu dem Reflektionsabschnitt (14b) gelangt, und
ein Licht durchlässt, das zu dem offenen Abschnitt
(14a) gelangt, und
das erste und das zweite Substrat (3, 4), die erste
und die zweite Elektrode (6, 7) und die paarigen po-
larisierenden Platten (16, 17) transparent sind,
dadurch gekennzeichnet, dass
der Aluminiumlegierungs-Film (10) oder der Metall-
Reflexionsfilm (14) der Reflexions-/Durchlassein-
richtung (10, 14) der den offenen Abschnitt (14a) und
den Reflexionsabschnitt (14b) hat, so ausgebildet
wird, dass er auf die Innenfläche desjenigen von dem
ersten Substrat (3) oder dem zweiten Substrat (4)
laminiert wird, auf der die Vielzahl zweiter Elektroden
(7) ausgebildet ist, so das er die Vielzahl zweiter
Elektroden (7) direkt auf dem Aluminiumlegierungs-
Film (10) oder dem Metall-Reflexionsfilm (14) aus-
gebildet wird.

2. Flüssigkristall-Bildschirmvorrichtung nach An-
spruch 1, die des Weiteren zwei Verzögerungsplat-
ten (18, 19) umfasst, die zwischen den paarigen po-
larisierenden Platten (16, 17) so angeordnet sind,
dass sie das erste Substrat (3) und das zweite Sub-
strat (4) einschließen.

3. Flüssigkristall-Bildschirmvorrichtung nach An-
spruch 1, die des Weiteren eine Streuschicht (20)
umfasst, die zwischen der anderen polarisierenden
Platte (16) und dem ersten Substrat (3) oder dem
zweiten Substrat (4) an einer Seite der anderen po-
larisierenden Platte (16) angeordnet ist.

4. Flüssigkristall-Bildschirmvorrichtung nach An-
spruch 1, wobei in dem Fall, in dem die Reflexions-/
Durchlasseinrichtung (10, 14) durch einen Metall-
Reflexionsfilm (14) gebildet wird, der einen offenen
Abschnitt (14a) und einen Reflexionsabschnitt (14b)
hat, die für jedes der Pixel (80) ausgebildet sind, ein
Teil der Flüssigkristallschicht (50), der dem Reflexi-
ons-Bildschirmbereich entspricht, dünner ist als ein
Teil der Flüssigkristallschicht (5), der dem Durch-
lass-Bildschirmbereich entspricht.

5. Flüssigkristall-Bildschirmvorrichtung nach An-
spruch 1, wobei in dem Fall, in dem die Reflexions-/

Durchlasseinrichtung (10, 14) durch einen Metall-
Reflexionsfilm (14) gebildet wird, der einen offenen
Abschnitt (14a) und einen Reflexionsabschnitt (14b)
hat, die für jedes der Pixel (80) ausgebildet sind, die
Teilreflexions-/Durchlassschicht (14) durch einen
Metall-Reflexionsfilm gebildet wird, in dem eine Öff-
nung mit einer vorgegebenen Größe für jedes der
Vielzahl von Pixeln (80) ausgebildet ist.

6. Tragbare Vorrichtung, die umfasst:

eine Flüssigkristall-Bildschirmvorrichtung nach
einem der Ansprüche 1 bis 5; und
ein Gehäuse, das mit Bildschirmfenstern an sei-
nen zwei einander gegenüberliegenden Außen-
flächen versehen ist und in dessem Inneren die
Flüssigkristall-Bildschirmvorrichtung aufge-
nommen ist,

wobei die Flüssigkristall-Bildschirmvorrichtung so in
dem Gehäuse aufgenommen ist, dass eine Vorder-
seite der Flüssigkristall-Bildschirmvorrichtung dem
Bildschirmfenster an einer der zwei Außenflächen
gegenüberliegt, und eine Rückseite der Flüssigkri-
stall-Bildschirmvorrichtung dem Bildschirmfenster
an der anderen der zwei Außenflächen gegenüber-
liegt.

7. Tragbare Vorrichtung nach Anspruch 6, wobei die
tragbare Vorrichtung ein tragbares Telefon (40) ist.

8. Tragbare Vorrichtung nach Anspruch 6, wobei die
tragbare Vorrichtung ein Personalcomputer (60) ist.

Revendications

1. Dispositif d’affichage à cristaux liquides à double fa-
ce agencé pour afficher une image pouvant être vue
depuis le côté postérieur et le côté antérieur du dis-
positif, comportant :

un premier substrat (3) et un second substrat
(4) qui sont agencés de manière à s’opposer ;
au moins une première électrode (6) qui est for-
mée sur l’une des surfaces internes opposées
dudit premier substrat (3) et dudit second subs-
trat (4) ;
une pluralité de secondes électrodes (7) qui sont
formées sur l’autre des surfaces internes oppo-
sées dudit premier substrat (3) et dudit second
substrat (4), et qui forment une pluralité de pixels
(80) agencés en une matrice dans une zone op-
posée à ladite première électrode (6) sur la pre-
mière surface interne ;
une couche de cristaux liquides (5) qui est scel-
lée dans un intervalle prédéterminé entre ledit
substrat (3) et ledit second substrat (4) ;

31 32 



EP 1 570 310 B1

18

5

10

15

20

25

30

35

40

45

50

55

une paire de plaques polarisantes (16, 17) qui
sont agencées de manière à prendre en sand-
wich ledit premier substrat (3) et ledit second
substrat (4) ; et
un moyen de réflexion/transmission (10, 14) qui
est prévu entre ladite couche à cristaux liquides
(5) et l’une de ladite paire de plaques polarisan-
tes (16, 17), et qui réfléchit une partie d’une lu-
mière provenant de chacun de ladite pluralité de
pixels (80) et transmet l’autre partie de la lumiè-
re,
une source lumineuse superficielle (25) qui est
agencée sur l’autre côté de ladite couche à cris-
taux liquides (5) de manière à être opposée à
l’autre de ladite paire de plaques polarisantes
(16, 17), et qui émet une lumière vers ladite autre
plaque polarisante opposée (16), et transmet les
lumières provenant de ladite source lumineuse
superficielle (25) depuis un côté de l’autre pla-
que polarisante opposée (16) et d’un côté op-
posé à ce côté,

dans lequel ledit moyen de réflexion/transmission
(10, 14) est constitué d’une pellicule en alliage d’alu-
minium (10) possédant une épaisseur de 0,025 Pm
ou moins, ou d’une pellicule de réflexion métallique
(14) possédant une partie ouverte (14a) et une partie
réfléchissante (14b) formée pour chacun desdits
pixels (80) afin de constituer une couche partielle de
réflexion/transmission (14) qui réfléchit, d’une lumiè-
re provenant de chacun desdits pixels (80), une lu-
mière qui se dirige vers ladite partie de réflexion
(14b), et transmet une lumière qui se dirige vers la-
dite partie ouverte (14a), et
lesdits premier et second substrats (3, 4), lesdites
première et secondes électrodes (6, 7) et ladite paire
de plaques polarisantes (16, 17) sont transparents,
caractérisé en ce que
ladite pellicule en alliage d’aluminium (10) ou ladite
pellicule de réflexion métallique (14), qui possède
ladite partie ouverte (14a) et ladite partie réfléchis-
sante (14b), dudit moyen de réflexion/transmission
(10, 14), est formée pour être laminée sur la surface
interne de celle-ci dudit premier substrat (3) ou dudit
second substrat (4) sur laquelle ladite pluralité de
secondes électrodes (7) est formée, de sorte que
ladite pluralité de secondes électrodes (7) est formée
directement sur ladite pellicule en alliage d’alumi-
nium (10) ou ladite pellicule de réflexion métallique
(14).

2. Dispositif d’affichage à cristaux liquides selon la re-
vendication 1, comportant en outre deux plaques de
retard (18, 19) qui sont agencées entre ladite paire
de plaques polarisantes (16, 17) de manière à pren-
dre en sandwich ledit premier substrat (3) et ledit
second substrat (4) .

3. Dispositif d’affichage à cristaux liquides selon la re-
vendication 1, comportant en outre une couche de
diffusion (20) qui est agencée entre ladite autre pla-
que polarisante (16) et ledit premier substrat (3) ou
ledit second substrat (4) sur un côté de ladite autre
plaque polarisante (16).

4. Dispositif d’affichage à cristaux liquides selon la re-
vendication 1, dans lequel, au cas où le moyen de
réflexion/transmission (10, 14) est constitué par une
pellicule de réflexion métallique (14) possédant une
partie ouverte (14a) et une partie de réflexion (14b)
formée pour chacun desdits pixels (80), une partie
de ladite couche à cristaux liquides (5) qui corres-
pond à la région d’affichage de réflexion est plus
mince qu’une partie de ladite couche à cristaux li-
quides (5) qui correspond à la région d’affichage de
transmission.

5. Dispositif d’affichage à cristaux liquides selon la re-
vendication 1, dans lequel, au cas où ledit moyen de
réflexion/transmission (10, 14) est constitué par une
pellicule de réflexion métallique (14) possédant une
partie ouverte (14a) et une partie de réflexion (14b)
formée pour chacun desdits pixels (80), ladite cou-
che partielle de réflexion/transmission (14) est cons-
tituée par une pellicule de réflexion métallique, dans
laquelle une ouverture possédant une dimension
prédéterminée est formée pour chacun de ladite plu-
ralité de pixels (80).

6. Appareil portable comportant :

un dispositif d’affichage à cristaux liquides selon
l’une quelconque des revendications 1 à 5 ; et
un corps qui est muni de fenêtres d’affichage
sur ses deux surfaces externes opposées, et à
l’intérieur duquel ledit dispositif d’affichage à
cristaux liquides est logé,

dans lequel ledit dispositif d’affichage à cristaux li-
quides est logé dans ledit corps de sorte qu’une sur-
face antérieure dudit dispositif d’affichage à cristaux
liquides est exposée grâce à ladite fenêtre d’afficha-
ge sur l’une des deux surfaces externes, et une sur-
face postérieure dudit dispositif d’affichage à cris-
taux liquides est exposée grâce à ladite fenêtre d’af-
fichage sur l’autre des deux surfaces externes.

7. Appareil portable selon la revendication 6, dans le-
quel le ledit appareil portable est un téléphone por-
table (40).

8. Appareil portable selon la revendication 6, dans le-
quel ledit appareil portable est un ordinateur person-
nel (60).
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