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LIQUID CRISTAL DISPLAY DEVICE AND
INFORMATION DEVICE WITH THE DISPLAY
DEVICE MOUNTED IN IT

TECHNICAL FIELD

[0001] The present invention is related to liquid crystal
displays through which displaying images are viewable from
both front and back sides, and to information devices, such
as mobile telephones, personal digital assistance (PDA), and
wrist watches, in which the liquid crystal displays are used.

BACKGROUND ART

[0002] In conventional liquid crystal displays, each of
reflective-type liquid crystal displays and half-transparent-
reflective-type liquid crystal displays has only one display-
ing face.

[0003] Therefore, two liquid crystal displays have been
needed for displaying on both sides of mobile telephones
and the like. As a result, there have been problems in that
displaying units become thick and heavy, in addition, their
cost is increased due to using the two liquid crystal displays.

[0004] Inorder to solve the above problems, the following
display that can display on both sides thereof with one liquid
crystal display, is described in Japanese Laid-Open Patent
Publication 2000-193956. The display includes; a liquid
crystal that is sandwiched between a first pair of reflection-
polarizing members and a first absorption-polarizing mem-
ber, and a second pair of reflection-polarizing members and
a second absorption-polarizing member; and a light guiding
plate fitted on the outmost side.

[0005] When the liquid crystal display that can display
images on both sides, or an electronics device using the
display is operated to display an image on one side, another
image can not be displayed on the opposite side because it
has only one driving means for one pixel. Moreover, when
the liquid crystal display is operated to display an image on
one side, light is leaked to the opposite side, causing a
problem in that the image is viewed from the opposite side.

[0006] An objective of the present invention that has been
made in order to solve the above problems is to provide a
liquid crystal display capable of displaying, while an image
being displayed on one side, another image on the opposite
side. Moreover, another objective of the present invention is
to provide a liquid crystal display that can prevent the image
from being viewed from the opposite side.

DISCLOSURE OF THE INVENTION

[0007] A liquid crystal display relating to a first configu-
ration of the invention comprises: a liquid crystal cell, in
which pixels having independently driven reflecting and
transmitting members are arranged in a matrix, that is
composed of a first substrate, a second substrate having pixel
driving members, and a liquid crystal sandwiched between
the first substrate and the second substrate; a first polarizing
means disposed facing the first substrate; a second polariz-
ing means disposed facing the second substrate; a first front
light disposed outside the first polarizing means; and a
second front light disposed outside the second polarizing
means, thereby, the liquid crystal display can display images
on both sides thereof
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[0008] Moreover, a liquid crystal display relating to a
second configuration of the invention drives independently
the reflecting members and the transmitting members in the
first configuration and displays images on both sides of the
liquid crystal display, thereby, the liquid crystal display can
display different images on both sides at the same time.

[0009] A liquid crystal display relating to a third configu-
ration of the invention displays black with the reflecting
members in the second configuration, thereby, the liquid
crystal display does not leak light to the opposite side while
an image is displayed on only one side, so that the image can
be prevented from being viewed from the opposite side.

[0010] A liquid crystal display relating to a fourth con-
figuration of the invention displays white with the reflecting
members in the second configuration, thereby, the opposite
side can be used as illumination, when an image is displayed
on only one side.

[0011] A liquid crystal display relating to a fifth configu-
ration of the invention includes a reflection-polarizer film
between the second substrate and the second polarization
means in the first configuration, thereby, images can be
displayed more brightly when they are displayed on both
sides.

[0012] An information device relating to a sixth configu-
ration of the invention includes a displaying means that is a
liquid crystal display as recited in claim 1, thereby, an
information device capable of displaying various informa-
tion items on both sides can be obtained.

[0013] An information device relating to a seventh con-
figuration of the invention further comprises: a first main
unit; a second main unit, having a displaying means, con-
nected to the first main unit openably and closably with
respect to the first main unit; and an open/close judgment
means for judging whether the second main unit is open or
closed, in which the first front light is lighted when the
second main unit is open in the sixth configuration, thereby
the information device can automatically display images on
the both sides.

BRIEF DESCRIPTION OF DRAWINGS

[0014] FIG. 1 is an outline cross-sectional view for
explaining a liquid crystal display and an information device
using the display according to Embodiment 1 of the inven-
tion, and illustrating, with a partial cross-sectional view, a
state in which a foldable mobile telephone, as one of
information devices, is closed (a second main unit is closed);

[0015] FIG. 2 is an outline plane view for explaining the
liquid crystal display and the information device using the
display according to Embodiment 1 of the invention, and
illustrating, with the partial cross-sectional view, a state in
which the second main unit is open;

[0016] FIG. 3 is a cross-sectional view of a major portion
for explaining the liquid crystal display and the information
device using the display according to Embodiment 1 of the
invention, and for explaining the displaying operation with
transmitting light, when the second main unit is closed;

[0017] FIG. 4 is a cross-sectional view illustrating the
liquid crystal display according to Embodiment 1 of the
invention, and particularly, for explaining the displaying
operation with reflecting light;
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[0018] FIG. 5 is a cross-sectional view illustrating the
liquid crystal display according to Embodiment 1 of the
invention, in which the major portion in FIG. 1 is enlarged
for explaining the operation of displaying, with reflecting
light, on the opposite side;

[0019] FIG. 6 is a plane view illustrating a pixel portion
of a liquid crystal display panel of a liquid crystal display
according to the invention;

[0020] FIG. 7 is a cross-sectional view illustrating a pixel
portion of a liquid crystal display panel of a liquid crystal
display according to the invention; and

[0021] FIG. 8 is a plane view illustrating a pixel portion
of another modified liquid crystal display panel of a liquid
crystal display according to the invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0022] Hereinafter, concrete embodiments of the inven-
tion are explained according to diagrams, referring to fold-
able mobile telephones as the examples therefore.

EMBODIMENT 1

[0023] In FIG.1 and FIG. 2, a mobile telephone accord-
ing to Embodiment 1, comprises: a first main unit “1”
including various function switches “2” having character or
numerical input switches; and a second main unit “3”
including a liquid crystal display “10” for visibly displaying
various information items. The first main unit 1 and the
second main unit 3 are openably and closably connected
with a hinge “4”. Moreover, apertures (windows) are formed
on both inner and outer faces that direct inward and outward,
respectively, when the second main unit 3 is closed, and an
outer transparent cover “5” is fitted on the outer aperture; an
inner transparent cover “8” is fitted on the inner aperture.
Each of front lights is disposed on the inner and outer
apertures, facing each aperture, in the liquid crystal display
10. Moreover, the liquid crystal display 10 is operated by
signals from a driving circuit “9”.

[0024] The liquid crystal display 10 according to Embodi-
ment 1 will be explained in detail using FIG. 3. A trans-
parent first substrate “15” on which a first transparent
electrode “26” is formed, and a transparent second substrate
“177, facing the first substrate 15, on which a second
transparent electrode “23” and a reflection electrode “21”
are formed, are disposed on both sides of a liquid crystal
“16”, so as to constitute a liquid crystal cell. A first phase
retardation plate “14” and a first polarizer film “13” are
sequentially fitted on the first substrate 15 facing the liquid
crystal 16, and a second phase retardation plate “18” and a
second polarizer film “19” are sequentially fitted on the
second substrate 17 facing the liquid crystal 16. A first front
light “6” is disposed outside the first polarizer film “13”; and
a second front light “7” is disposed outside the second
polarizer film “19”.

[0025] Moreover, a reflection-polarizer film “25” may be
fitted between the second phase retardation plate 18 and the
second polarizer film 19. The operations of the display in the
case of fitting the reflection-polarizer film 25 will be
described later.

[0026] Each of the first front light 6 and the second front
light 7 includes a front light guiding plate “12”, where a
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reflecting prism “124” is fitted on the opposite side of the
liquid crystal 16, and a light source “11” using, for example,
a light-emitting diode. The front light guiding plate 12 is
made of, for example, acrylic resin, Arton™ resin, or
Zeonor™ resin by injection molding.

[0027] The first substrate 15 including the first transparent
electrode 26 made of, for example, indium-titanium oxide
(ITO) is made of, for example, transparent glass or organic
resin. Moreover, the liquid crystal 16 that is sandwiched
between the first substrate 15 and the second substrate 17 is
made of, for example, a twisted nematic liquid crystal.
Furthermore, the reflection electrode 21 made of aluminum
or silver, the second transparent electrode 23 made of 1TO,
and a thin-film transistor (not illustrated) transmitting elec-
tric potential of a source wiring (not illustrated) to the
reflection electrode 21 and the second transparent electrode
23 in accordance with signals from gate wirings (not illus-
trated), are fitted on the same side of the second substrate 17.
A pixel is composed of the adjacent reflection electrode 21
and the second transparent electrode 23, and each of the
pixels is disposed in a matrix. The adjacent reflection
electrode 21 and the second transparent electrode 23 are
insulated from each other, each of which includes a thin-film
transistor (not illustrated), and can be independently con-
trolled through different wirings.

[0028] The first polarizer film 13 is an absorption-polar-
izer film plate that transmits polarized light having a polar-
ization plane in a transmission-axis direction and absorbs
polarized light having a polarization plane in an absorption-
axis direction being different from the transmission axis
direction. Moreover, light passes through the first phase
retardation plate 14, undergoing a quarter-wavelength phase
shift.

[0029] The second phase retardation plate 18, which has a
function to assure a phase difference of approximately
quarter-wavelength, is formed by laminating a quarter-
wavelength phase retardation plate and a half-wavelength
phase retardation plate. Moreover, the second polarizer film
19 is the same absorption-type polarizer film as the first
polarizer film 13. Furthermore, when the reflection-polarizer
film 25 is provided, the plate 25 is disposed with the
transmission axis direction of the second polarizer film 19
being aligned in such a way that linearly polarized light in
the transmission axis direction of the plate 19 is transmitted,
whereas polarized light whose polarizing direction is pet-
pendicular to the transmission axis direction is reflected.

[0030] Next, the structure of thin-film transistors, wirings,
and electrodes that are formed on the second substrate 17,
will be explained in more detail using FIG. 6 and FIG. 7.

[0031] FIG. 6 is a plane view illustrating a pixel formed
on the second substrate 17. A gate wiring “41” for a
reflecting member, a CS wiring “42”, and a gate wiring *“43”
for a transmitting member are arranged in parallel with each
other, and a source wiring “24” is formed in a direction
perpendicular to the above wirings. A first thin-film transis-
tor “51” is connected to the gate wiring 41 for a reflecting
member, the source wiring 24, and the reflection electrode
21. Moreover, a second thin-film transistor “52” of an
adjacent pixel is connected to the gate wiring 43 for a
transmitting member, the source wiring 24, and the second
transparent electrode 23. Furthermore, the CS wiring 42 for
giving a load capacitance to each of the pixels is arranged on
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the border portion between the reflection electrode 21 and
the second transparent electrode 23 in the same pixel, and
the CS wiring 42 is shared by the reflection electrode 21 and
the second transparent electrode 23 within the same pixel.

[0032] Because the CS wiring 42 formed on the second
substrate 17 is commonly used, the number of CS wirings
can be decreased. Therefore, areas for the reflection elec-
trode 21 and the second transparent electrode 23, which are
used for displaying, can be increased. Thereby, blighter
images can be displayed.

[0033] Moreover, the first thin-film transistor 51 and the
second thin-film transistor 52 of the adjacent pixel are
formed underneath the reflection electrode 21.

[0034] By forming, underneath the reflection electrode 21,
a transistor for driving a pixel, areas for the reflection
electrode 21 and the second transparent electrode 23, which
are used for displaying, can be increased. Thereby, blighter
images can be displayed.

[0035] Next, a method of forming the thin-film transistors,
wirings, and electrodes, which are formed on the second
substrate 17, will be explained using FIG. 7 illustrating a
cross-sectional structure of the each of the pixels. After a
silicon nitride film (not illustrated) has been formed on the
second substrate 17 made of glass and waterproof and
prevention of impurities diffusion-processed, firstly, chro-
mium or aluminum formed by a sputter deposition method
is processed by using lithography, so that the gate wiring 41
for the reflecting member, the gate wiring 43 for the trans-
mitting member, and the CS wiring 42 are formed at same
time. Secondly, after a silicon dioxide film as a gate oxide
film “56” has been formed on the whole area, an amorphous
silicon film is deposited, so that a channel “57” between the
first thin-film transistor 51 and the second thin-film transis-
tor 52 is formed by using the lithography. Thirdly, the
chromium or the aluminum formed by the sputter deposition
method is processed by using the lithography to form the
source wiring 24 and a drain “54” of the transistor. An
electrode pad 60 of storage capacitor CS for reflection
electrodes is formed at the same time. Then, an ITO (indium
tin oxide) film, as a transparent conducting film, is depos-
ited, and the source wiring 24 and the drain 54 are formed,
by using the sputter deposition method, on the same layer of
the gate oxide film 56 in order to connect the second
transparent electrode 23 with the drain 54 of the first
thin-film transistor 51.

[0036] Following these processes, a planarized film “55”
is formed on the area on which the reflection electrode 21 is
formed, by using a silicon dioxide film or an acrylic organic
polymer material, in order to cover the first thin-film tran-
sistor 51 and the second thin-film transistor 52, then, the
reflection electrode 21 is formed, using aluminum or silver,
in a position on the planarized film 55 in such a way that the
reflection electrode covers the first thin-film transistor 51
and the second thin-film transistor 52 on the planarized film
35.

[0037] Next, the operations of a liquid crystal display
according to Embodiment 1 and a foldable mobile telephone
equipped with the display, in the states of the second main
unit 3 being open or closed, will be separately explained in
each of the cases in which the display is placed in dark and
bright surroundings.
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[0038] Firstly, an example case will be explained in which
the second main unit 3 of the foldable mobile telephone is
open, the surroundings of the display are dark, and the
second front light 7 is turned on. As illustrated in FIG. 1, a
user views a screen from the first front light 6 side of the
liquid crystal display 10. In FIG. 1, light “Lf1” emitted from
the second front light 7 illuminates the double-sided-dis-
play-type liquid crystal panel 10 from the back and then
passes through the panel and the outer transparent cover 5 to
reach the user.

[0039] The operations will be explained in detail using
FIG. 3. The light emitted from the light source 11 of the
second front light 7 spreads and transmits through the light
guiding plate 12 of the second front light 7 to reach the
reflecting prism 124 fitted on the light guiding plate 12. The
reflecting prism 12a is composed of a face that is inclined
one through three degrees with respect to the displaying face
of the double-sided-display-type liquid crystal panel 10, and
another face that is inclined forty through fifty degrees to the
displaying face, and thereby, the light illuminating the face
that is inclined forty through fifty degrees and faces the light
source 11, is transmitted to the liquid crystal 16 and is
reflected thereon. The light is converted into linearly polar-
ized light in the second polarizer film 19, transmits through
the second phase retardation plate 18, and further transmits
through the second transparent electrode 23. At that time, a
polarization state of the light is varied in accordance with the
summed-up birefringence amount of the second phase retar-
dation plate 18, the liquid crystal 16, and the first phase
retardation plate 14, and the light transmits through the first
polarizer film 13 with a transmittance in accordance with the
polarization state. At this time, the birefringence amount of
the liquid crystal 16 can be controlled by orienting the liquid
crystal 16 by an electric field generated between the second
transparent electrode 23 and the first transparent electrode
26. Therefore, the transmittance of the first polarizer film 13
can be controlled by applying an electric voltage to the
second transparent electrode 23, so that the transmittance
can be realized in accordance with images to be displayed.

[0040] Inthis Embodiment 1, the material and thickness of
the liquid crystal 16, the birefringence amount and the
directions of the first phase retardation plate 14 and the
second phase retardation plate 18, and the directions of the
polarizer film are designed in such a way that the light is
linearly polarized in the transmission-axis direction of the
first polarizer film 13 when the electric field is not applied
to the liquid crystal, and the light is linearly polarized in a
direction perpendicular to the transmission axis of the first
polarizer film 13 when an electric voltage “Vh” is applied.

[0041] However, the design is not limited to those
described above, but, on the contrary, the directions may be
designed in such a way that the light is linearly polarized in
a direction perpendicular to the transmission axis of the first
polarizer film 13 when the electric field is not applied to the
liquid crystal, and the light is linearly polarized in the
transmission axis direction of the first polarizer film 13 when
the electric voltage Vh is applied.

[0042] Moreover, the light transmitted through the first
polarizer film 13 transmits through the first front light 6. The
reflecting prism 12a of the first front light 6 is composed of
a face that is inclined one through three degrees with respect
to the display face, and another face that is inclined forty
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through fifty degrees with respect to the displaying face, and
thereby, more than ninety percent of the light passes through
the first front light 6. Although the advancing direction of the
light is slightly varied, the light directly passes through the
outer-transparent cover 5 and is recognized by the user.

[0043] Meanwhile, if the reflection-polarizer film 25 is
provided, part of light reflected on the reflecting prism 12a
is reflected on the back side of the reflection electrode 21, the
gate wiring (not illustrated), the source wiring (not illus-
trated), or the thin-film transistor (not illustrated), and passes
twice through the second phase retardation plate 18 having
a phase-retardation of quarter-wavelength, so as to be lin-
early polarized light of which polarizing direction has been
rotated ninety degrees; therefore, the linearly polarized light
is reflected on the reflection-polarizer film 25, part of which
passes through the second transparent electrode 23. This
light is linearly polarized light whose polarizing direction is
perpendicular to the light that passes through the reflection-
polarizer film 25. In other words, two light beams whose
polarizing direction has been rotated ninety degrees each
other transmit through the liquid crystal at the same time.
Therefore, even if the polarizing direction is varied by
applying an electric voltage to the second transparent elec-
trode 23, desired light transmittance is not obtained, result-
ing in the display contrast being reduced.

[0044] Therefore, it is effective for gaining high contrast
that a light-shielding function made of a material having low
reflectance is applied, for controlling the light reflection,
onto the glass-substrate side of the gate wiring, the source
wiring, the reflection electrode 21, and other structural
members.

[0045] In more particular, it is effective that a light-
shielding film, such as a chrome oxide film or a chrome film,
is provided on the area except that for the second transparent
electrode 23.

[0046] Moreover, it may be possible in order to omitting
a pattering process that a gate wiring is used, whose glass-
substrate side is made of a chrome oxide film having low
reflectance, and which is formed together with aluminum
layer in a double-layered film, in order to increase electrical
conductivity of the wiring, and the gate wiring is embedded
underneath the source wiring, the reflection electrode 21,
and other structural members, so that the gate wiring can be
used as a light-shielding plate on the glass-substrate side.

[0047] Next, another example case will be explained, in
which the second main unit 3 of the foldable mobile tele-
phone is closed, and, because the display is placed in blight
surrounds, the second front light 7 is turned off. In FIG. 4,
outside light transmitted through the first front light 6 is
converted into linearly polarized light by the first polarizer
film 13. Next, the light transmits through the first phase
retardation plate 14 and the liquid crystal 16, is reflected on
the reflection electrode 21, transmits again through the
liquid crystal 16 and the first phase retardation plate 14, and
reaches the first polarizer film. At that time, because the
outside light transmits twice through the first phase retar-
dation plate 14 and the liquid crystal 16, the polarization
state of the outside light is varied in accordance with the
total birefringence amount. Next, the outside light transmits
through the first polarizer film 13 with a transmittance in
accordance with the polarization state.

[0048] Inthis Embodiment 1, the material and thickness of
the liquid crystal 16, the birefringence amount and direction
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of the first phase retardation plate 14, and the directions of
the polarizer film are designed in such a way that the outside
light is linearly polarized in the transmission-axis direction
of the first polarizer film 13 when the electric field is not
applied to the liquid crystal, and the light is linearly polar-
ized in the direction perpendicular to the transmission axis
of the first polarizer film 13 when the electric voltage Vh is
applied.

[0049] Because the outside light is incident from whole
area of the double-sided-display-type liquid crystal panel 10
when the reflection-polarizer film 25 is fitted, part of the
outside light is not reflected on the reflection electrode 21
after transmitted through the first polarizer film 13 and the
first phase retardation plate 14, and transmits through the
second transparent electrode 23. The outside light that has
transmitted through this second transparent electrode 23
transmits through the second phase retardation plate 18, and
then reaches the reflection-polarizer film 25. At this time, if
the electric voltage Vh is applied to the second transparent
electrode 23, the outside light is converted into linearly
polarized light polarized in a direction perpendicular to the
transmission axis of the reflection-polarizer film 25, the
outside light can not transmit through the reflection-polar-
izer film 25, resulting in being reflected. Although the
reflected outside light transmits through the second phase
retardation plate 18, the liquid crystal 16, and the first phase
retardation plate 14, and reaches the first polarizer film 13
again, the outside light can transmits through the plate 13,
because the outside light has returned to linearly polarized
light polarized in the same direction as the transmission axis
of the first polarizer film 13. Therefore, because the second
transparent electrode 23 is operated as a reflection electrode
when the electric voltage Vh is applied to the electrode, a
high reflectance can be expected. In other words, a white
screen in which the transparent electrode has high reflec-
tance can be displayed for outside light from the first front
light side, by applying a voltage zero to the reflection
electrode 21 and the voltage Vh to the second transparent
electrode 23.

[0050] In other words, a white screen in which the trans-
parent electrode has higher reflectance can be displayed by
providing the reflection-polarizer film 25.

[0051] Next, another example case will be explained using
FIG. 2, in which the second main unit 3 of the foldable
mobile telephone is open, the display is placed in dark
surroundings, and the first front light 6 is turned on. As
illustrated in FIG. 2, when the second main unit 3 is open,
a user views the screen through the face of the second front
light 7 side of the liquid crystal display 10.

[0052] The foldable mobile telephone according to
Embodiment 1 comprises a front light switch (not illus-
trated) for lighting the first front light 6 when the second
main unit 3 is judged, by an open-close judging means (not
illustrated), to be in the open state, thereby, if the open-close
judging means detects, by detecting, for example, an angle
by the hinge 4, the second main unit 3 in the open state, the
first front light 6 is automatically turned on, and the user
recognizes an displaying image, by illuminating the double-
sided-display-type liquid crystal panel 10 from the back side
thereof.
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[0053] Thereby, images can be automatically displayed on
both sides.

[0054] By using FIG. 5, the operations will be explained
in more detail. Light emitted from the light source 11 of the
first front light 6 spreads and transmits in the light guiding
plate 12 of first front light 6, and illuminates the reflecting
prism 12a formed on the light guiding plate 12. The reflect-
ing prism 12q is composed of a face that is inclined one
through three degrees with respect to the displaying face of
the double-sided-display-type liquid crystal panel 10, and
another face is inclined forty through fifty degrees with
respect to the displaying face, and light reached the another
face that faces the light source 11 and is inclined forty
through fifty degrees, is directed toward the liquid crystal 16
and is reflected thereon. The reflected light is converted into
linearly polarized light in the first polarizer film 13. Next the
light transmits through the first phase retardation plate 14,
the liquid crystal 16, and the second transparent electrode
23. Furthermore, the light transmits through the second
phase retardation plate 18 and reaches the second polarizer
film 19. At that time, a polarization state of the light is varied
in accordance with the birefringence amount, which is the
summed-up amount of refraction of the second phase retar-
dation plate 18, the liquid crystal 16, and the first phase
retardation plate 14, and the light transmits through the
second polarizer film 19 with a transmittance in accordance
with the polarization state.

[0055] At this time, the birefringence amount of the liquid
crystal 16 can be controlled by orienting the liquid crystal 16
by an electric field generated between the second transparent
electrode 23 and the first transparent electrode 26. There-
fore, the transmittance of the second polarizer film 19 can be
controlled by applying a suitable electric voltage to the
second transparent electrode 23, so that the transmittance of
each pixel corresponding to an image to be displayed can be
realized.

[0056] However, in this case, part of incident light from
the first front light 6 is reflected on the reflection electrode
21, and is leaked to the first front light 6 side. Therefore,
there rises a problem in that the displaying image is viewed
by a third person standing in front of the user.

[0057] In this Embodiment, although one pixel is com-
posed of the reflection electrode 21 of a pixel adjacent to it
and the second transparent electrode 23, the electrodes are
insulated from each other and can be independently con-
trolled. Therefore, an image viewed by the user can be
prevented, by independently controlling electric voltages
applied to the second transparent electrode 23 and the
reflection electrode 21, from being viewed by the third
person standing in front of the user.

[0058] This operation will be more concretely explained.
A constant electric voltage is applied to the reflection
electrode 21, and an electric voltage for realizing transmit-
tance in accordance with image data is applied to the second
transparent electrode 23.

[0059] Thereby, status of the liquid crystal on the reflect-
ing electrode 21 becomes uniform over the whole screen,
and the reflected image is not displayed, so that the display-
ing image is not viewed by the third person standing in front
of the user. On the other hand, because the liquid crystal on
the second transparent electrode 23 realizes each of the
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transmittances in accordance with images, a normal trans-
mission image is displayed to the user.

[0060] Moreover, in this case, if an electric voltage is
applied to the reflection electrode 21 to realize the birefrin-
gence amount in which the light reflected by the liquid
crystal 16 by means of the reflection electrode 21 transmits
through the first polarizer film 13, the light outputted from
the first front light 6 is emitted to the opposite side of the
user. The emitted light can be used as illumination when an
object is photographed by the camera installed in the mobile
telephone.

[0061] Moreover, in a case in which the reflection-polar-
izer film 25 is provided, when an image is displayed, an
electric voltage is applied, according to the image data, to
realize the transmittance with the timing of applying an
electric voltage to the second transparent electrode 23. At
that time, the amount of light, from image data, that is
transmitted through the second transparent electrode 23 and
reflected from the reflection-polarizer film 25, is calculated,
so that an electric voltage applied to the reflection electrode
21 is determined in such a way that an approximately
constant amount of light is reflected according to the amount
of light reflected from the reflection-polarizer film 25, with
the timing of applying the electric voltage to the reflection
electrode 21.

[0062] Thereby, the reflected image is not displayed and
the displaying image is not viewed by the third person
standing in front of the user, because the reflection image on
the transmitting member is overlapped with reflection light
from the reflecting member, and approximately uniform
reflection light is emitted from each of the pixels of the
whole screen.

[0063] Those data processes are enabled by data conver-
sion algorithm using a semiconductor circuit for driving.
Because the volume of required frame memory is not
increased, the cost increase of the semiconductor circuit for
driving is small.

[0064] Next, another example case will be explained using
FIG. 5, in which the second main unit 3 of the foldable
mobile telephone is open, and the display is placed in blight
surroundings. As illustrated in FIG. 5, when the second
main unit 3 is open, the second front light 7 side of the
double-side-display-type liquid crystal panel 10 is viewed
from the user. The first front light 6 is turned on, because
there is no pixel reflecting outside light. The operations are
similar to the case in which the display is placed in dark
surroundings. In this operation, if the reflection-polarizer
film 25 is provided and liquid crystal display is viewed from
the second front light 7 side, outside light that has entered
the second substrate 17 and reflected on the gate wiring and
the reflection electrode 21, is transmitted twice through the
second phase retardation plate 18 and converted into linearly
polarized light of which polarizing direction is rotated ninety
degrees. Therefore, because outside light can not be trans-
mitted through the reflection-polarizer film 25, the display
contrast is no longer decreased.

[0065] In the above explanation, although a mobile tele-
phone is exemplified, it is not limited to this example. If an
information device is composed of a first main unit having
various kind of operational switches and a second main unit
having display means for displaying various information,
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and the second main unit is openable and closable with
respect to the first main unit, the device can be similarly
structured and similar effects can be resultantly obtained
even if the device is, for example, a foldable PDA, an
openable and closable wrist watch of which first main unit
is fitted to a wrist, a foldable calculator.

[0066] It can be exemplified that a foldable PDA displays
on liquid crystal display, an image such as a calendar, a time,
a schedule, an illustration, a facial photograph, a game
application, a map, an internet home page, a vignette, or an
electrical spectacular, when the second main unit is close,
and displays an image such as a document creation screen,
amail operation screen, or a setting screen, when the second
main unit is open.

[0067] Moreover, an openable and closable wrist watch
displays, on liquid crystal display, an image such as a
calendar or a time, when the second main unit is closed, and
displays an image such as an alarm setting screen or a
schedule setting screen, when the second main unit is open.

[0068] Moreover, although an information device is
explained in the above embodiments in which a liquid
crystal display according to the invention is used as the
display of the information device and an image displayed by
the same liquid crystal display can be viewed when the
second main unit having the display is open or closed, the
liquid crystal display is not limited to the examples
described above. For example, the liquid crystal display may
be used to serve both as a cover and a display for household
electrical equipment, such as a refrigerator, a microwave
oven, or an air-conditioner, provided with setting switches
that are not always used, so as to hide these switches behind
the cover. Moreover, because an image can be viewed from
both sides of the first polarizing means and the second
polarizing means of the liquid crystal display according to
the invention, the display can be used as a display for such
games as played by two opponents facing each other.

EMBODIMENT 2

[0069] FIG. 8 is a plane view illustrating a structure of
thin-film transistors, wirings, and electrodes formed on the
second substrate 17 according to Embodiment 2. Because
other structures are the same as those of the liquid crystal
display in Embodiment 1, the explanations are omitted.

[0070] In this Embodiment 2, the first thin-film transistor
51 and the second thin-film transistor 52 are disposed in a
houndtooth pattern.

[0071] Thereby, the gate electrodes of the first thin-film
transistor 51 and the second thin-film transistor 52 can be
disposed overlapped on the gate wiring 41 for a reflecting
member and the gate wiring 43 for a transmitting member in
their extending direction. By overlapping and disposing the
gate electrodes, an area for forming transistor in the gate
wiring direction can be narrowed. Thereby, an aperture rate
can be increased, so that images can be displayed more

brightly.
EMBODIMENT 3

[0072] Because the configuration of this Embodiment 3 is
the same as that of Embodiment 1, the explanations are
omitted. In this Embodiment 3, the second main unit 3 is
used in an open state.
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[0073] In this Embodiment 3, signals are independently
applied to the reflection electrode 21 and the second trans-
parent electrode 23, so that different images are displayed on
both sides.

[0074] In more particular, an image is displayed on the
first front light 6 side by lighting the first front light 6 and
driving the reflection electrode 21, and the other image is
displayed on the second front light 7 side by driving the
second transparent electrode 23.

[0075] Different images can be displayed on both sides at
the same time by operating the liquid crystal display as
described above. Moreover, when the different images are
displayed on both sides, the images can be displayed without
using two liquid crystal panels.

[0076] Although in this Embodiment 3, a case is explained
using a mobile telephone, the invention is not limited to
mobile phones, but can be applied to not only a mobile
telephone but also information devices such as PDAs, and
various advertising panels.

EMBODIMENT 4

[0077] The characteristic of this Embodiment 4 is that the
light sources 11 of the first and second front lights of
Embodiment 1 each use a three-primary-color (red, green,
blue) light-emitting diode. Because the other configurations
other than that are the same as those of Embodiment 1, the
explanations are omitted.

[0078] The each color of the three-primary-color light-
emitting diode is alternately turned on, and the liquid crystal
is driven, by a field sequential method, to display, synchro-
nized with the turning-on timing of each color, a red image,
a green image, and a blue image fields, respectively.

[0079] By using this driving method, a color image can be
displayed without using a color filter that is used in a liquid
crystal display for general color displaying. Because a color
filter is not used, transmittance reduction due to a color filter
can be prevented, and the brightness is increased accord-

ingly.

[0080] Moreover, because a color filter is not included, a
liquid crystal display capable of displaying clear color can
be realized, which enables to provide a liquid crystal display
that looks like a transparent cover of an information termi-
nal.

[0081] In addition, the technical scope of the present
invention is not limited to the above embodiments, but
various modifications can be added without departing from
the scope of the invention.

[0082] For example, although a case of a liquid crystal
display using a TFT system is explained, a liquid crystal
display using a simple matrix system can also be used.

INDUSTRIAL APPLICABILITY

[0083] A liquid crystal display according to the present
invention is used particularly for a liquid crystal display
installed in a mobile device such as a mobile telephone, a
mobile information terminal, or a personal digital assistance,
as well as used as a liquid crystal display, such as an
advertising panel, that displays different images on both
sides thereof.
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What is claimed is:
1. A liquid crystal display, comprising:

a liquid crystal cell, wherein pixels having independently
driven reflecting and transmitting members are
arranged in a matrix, said liquid crystal cell being
composed of

a first substrate,
a second substrate having pixel driving members, and

a liquid crystal sandwiched between the first substrate
and the second substrate;

a first polarizing means disposed facing the first substrate;

a second polarizing means disposed facing the second
substrate;

a first front light disposed outside the first polarizing
means; and

a second front light disposed outside the second polariz-

ing means.

2. A liquid crystal display as recited in claim 1, wherein
the reflecting members and the transmitting members are
independently driven in order to display images on both
sides of the liquid crystal display.
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3. A liquid crystal display as recited in claim 2, wherein
the reflecting members display black.

4. A liquid crystal display as recited in claim 2, wherein
the reflecting members display white.

5. A liquid crystal display as recited in claim 1, wherein
a reflection-polarizer film is disposed between the second
substrate and the second polarizing means.

6. An information device comprising a displaying means,
the displaying means being a liquid crystal display as recited
in claim 1.

7. An information device as recited in claim 6, further
comprising:

a first main unit;

a second main unit, having the displaying means, con-
nected to the first main unit openably and closably with
respect to the first main unit; and

an open/close judgment means for judging whether the
second main unit is open or closed; wherein

the first front light is lighted when the second main unit
is open.
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