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IMAGE DISPLAY AND ELECTRONIC
DEVICE

BACKGROUND

1. Technical Field

The present invention relates to image displays and elec-
tronic devices, and in particular, relates to an image display
having a polarization-axis control unit and an electronic
device having the image display.

2. Related Art

As one of image displays for displaying a three-dimen-
sional stereoscopic image, a three-dimensional image display
disclosed in Japanese Patent No. 2,857,429 is known. In this
three-dimensional image display, a controller, such as a
microcomputer, controls an electronic parallax barrier dis-
posed on one side of a screen facing to a viewer to form
light-transmitting portions and light-shielding portions in the
parallax barrier so that the viewer sees left-eye and right-eye
images with their left and right eyes, respectively.

In other words, the image display using the parallax barrier
presents different images to the left and right eyes of the
viewer, thus allowing the viewer to perceive the different
images as a stereoscopic image.

The displays using the above-described parallax barrier
include a known dual-view display that displays different
images in different directions to present the different images
to different viewers.

In the dual-view display using the parallax barrier, since
the parallax barrier is disposed on one side of a screen facing
to viewers, light coming from the screen is partially shielded
by light-shielding portions of the parallax barrier. This leads
to a reduction in the brightness of each image viewed by the
corresponding viewer. Unfortunately, the image appears
dark.

SUMMARY

Anadvantage of some aspects of the invention is to provide
an image display for enabling dual-view display without
reducing the brightness of an image viewed by each viewer.

According to an aspect of the invention, there is provided
an image display including the following components: A
display panel has a plurality of pixels arrayed in a first direc-
tion and a second direction intersecting the first direction. A
light source emits light toward the display panel. A polariza-
tion-axis control unit is disposed between the display panel
and the light source. The polarization-axis control unit sepa-
rates the light emitted from the light source into light having
a first polarization axis and light having a second polarization
axis different from the first polarization axis. An optical ele-
ment is arranged between the display panel and the polariza-
tion-axis control unit. The optical element allows the light
emitted from the light source to travel in a direction substan-
tially orthogonal to the first direction. The polarization-axis
control unit includes a first substrate, a second substrate, a
liquid crystal layer sandwiched between the first and second
substrates, a plurality of first electrodes extending in the first
direction arranged at a predetermined pitch in the second
direction on the first substrate, and a second electrode on the
second substrate. The first electrodes each having a connect-
ing part and a plurality of strip electrode segments extending
from the connecting part are arranged in such a manner that
the respective connecting parts are arranged in opposite end
portions of the first substrate and the strip electrode segments
are alternately arranged over a surface of the first substrate.

10

15

20

25

30

35

40

45

50

55

60

2

The second electrode is superposed over the first electrodes in
a region corresponding to a pixel array area of the display
panel.

With these arrangements, the optical element allows the
lights having the first and second polarization axes separated
through the polarization-axis control unit to travel to viewers
in two directions which are substantially orthogonal to the
first direction. Accordingly, the lights traveling to the viewers
are not blocked, thus preventing the intensities of the lights
traveling to the viewers from decreasing. Advantageously,
images can be prevented from appearing dark. Furthermore,
with these arrangements, the first electrodes can be formed by
a single conductive layer on the substrate. The polarization-
axis control unit can be easily formed at a low cost.

According to this aspect of the invention, it is preferable
that the image display further include a controller that con-
trols voltages applied to the first and second electrodes to
switch an image display mode of the image display between
afirst dual-view display mode and a second dual-view display
mode.

With these arrangements, images provided to viewers in
different viewing positions can be interchanged without
changing positions of display portions for the images. Advan-
tageously, image processing is not needed. A delay in image
display is not caused during interchanging the images.

According to this aspect of the invention, preferably, in the
first dual-view display mode, the controller applies the volt-
ages to the first and second electrodes so that the adjacent
electrode segments of the respective first electrodes are oppo-
site in phase and the second electrode is applied with the
voltage having the same phase as that of one of the voltages
applied to the first electrodes, and in the second dual-view
display mode, the controller applies the voltages to the first
and second electrodes so that the adjacent electrode segments
of the respective first electrodes are opposite in phase and the
second electrode is applied with the voltage having the same
phase as that of the other voltage.

With these arrangements, the controller can be composed
of known simple electric circuits. Advantageously, the con-
troller can be readily formed at a low cost.

According to another aspect of the invention, there is pro-
vided an electronic device having the above-described image
display.

According to those aspects of the invention, dual-view
display can be performed without reducing the brightness of
an image viewed by each viewer.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

FIG. 1is an exploded perspective view of an image display
according to an embodiment of the invention.

FIGS. 2A and 2B are diagram showing states where view-
ers located in front of the image display view a display panel,
the diagrams explaining the principle of the image display.

FIG. 3 is a partially enlarged view of a polarization control
liquid crystal display panel.

FIG. 4 is an exploded perspective view of the polarization
control liquid crystal display panel.

FIG. 5 is a plan view of the polarization control liquid
crystal display panel.

FIG. 6 is a cross-sectional view at the line VI-VI of FIG. 5.

FIG. 7 is an electrical diagram of a driving circuit.

FIGS. 8A and 8B are timing charts explaining voltages
output from the driving circuit.
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FIG. 9 is a diagram showing a state where the viewer
located in front of the image display views the display panel,
FIG. 9 explaining the principle of the image display.

FIGS. 10A and 10B are exploded perspective views for
explaining the principle of the image display.

FIGS. 11A and 11B are diagrams explaining areas of the
display panel viewed by the respective viewers in dual-view
display modes of the image display.

FIG. 12 is a perspective view of a mobile phone.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Embodiments of the invention will be described below
with reference to the drawings. FIG. 1 is an exploded per-
spective view of an image display according to an embodi-
ment of the invention. FIGS. 2A and 2B are diagrams show-
ing states where viewers located in front of the image display
view a display panel, the diagrams explaining the principle of
the image display. FIG. 3 is a partially enlarged view of a
polarization control liquid crystal panel of the image display
shown in FIG. 1.

Referring to FIG. 1, an image display 1 according to the
present embodiment presents different images .2 and R2 to
different viewers 10 and 20 located in different viewing posi-
tions. Hereinafter, such a state of the image display 1 will be
called a dual-view display mode. The image display 1 accord-
ing to this embodiment has a first dual-view display mode and
a second dual-view display mode. In the first dual-view dis-
play mode, the image display 1 presents the image L2 to the
viewer 10 and simultaneously presents the image R2 to the
viewer 20. In the second dual-view display mode, the image
display 1 presents the image R2 to the viewer 10 and simul-
taneously presents the image 1.2 to the viewer 20.

The structure of the image display 1 according to the
embodiment of the invention will now be described. Refer-
ring to FIGS. 1 to 2B, the image display 1 includes a display
panel 2 for image display, polarizers 3 and 4 disposed with the
display panel 2 therebetween, a backlight serving as a light
source emitting light toward the display panel 2, and a polar-
izer 6 arranged on one side of the backlight 5 near to the
viewers 10 and 20 (refer to FIGS. 2A and 2B). The polarizers
3 and 4, which sandwich the display panel 2 therebetween,
have polarization axes orthogonal to each other. The polarizer
4 transmits light having a first polarization axis and absorbs
light having a second polarization axis that is substantially
orthogonal to the first polarization axis. The polarizer 3 trans-
mits light having the second polarization axis and absorbs
light having the first polarization axis. The combination of the
display panel 2 and the polarizers 3 and 4 provides a so-called
transmissive liquid crystal display (LCD) panel which has a
matrix of pixels arranged in first and second directions shown
by arrows F and G, respectively. The direction F (first direc-
tion) is orthogonal to the direction G (second direction). The
polarizer 6 transmits light having the first polarization axis of
lights emitted from the backlight 5. The display panel 2 is
connected to a controller 30. In response to an image signal
supplied from the controller 30, the display panel 2 changes
optical characteristics of each pixel to perform image display.
The controller 30 renders data of the images [.2 and R2 to be
supplied to the image display 1 to generate image signals.

The controller 30 is electrically connected to a driving
circuit 100 of a polarization control liquid crystal display
(LCD) panel 7, which will be described below. The controller
30 is connected to a display mode selector switch (not
shown). In response to an operation on the display mode
selector switch by the viewer 10 or 20, the controller 30
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outputs a switching signal to the driving circuit 100. The
controller 30 may be disposed outside the image display 1.

On one side of the polarizer 6 near to the viewers 10 and 20,
the polarization control LCD panel 7 is arranged. Referring to
FIG. 3, the polarization control LCD panel 7, including two
transparent substrates and a liquid crystal layer arranged ther-
ebetween, has a plurality of strip-shaped unit areas 7¢ each
having a predetermined width W and extending in the direc-
tion F. In other words, the unit areas 7c are arranged at a
predetermined pitch W in the direction G. The polarization
control LCD panel 7 is connected to the driving circuit 100. In
response to a signal supplied from the driving circuit 100, the
orientation of liquid crystal molecules in each unit area 7c¢ is
changed, thus switching the unit area 7¢ between a transmit-
ting state and a polarizing state. In the transmitting state, light
having the first polarization axis is transmitted. In the polar-
izing state, light having the first polarization axis is converted
to light having the second polarization axis that is substan-
tially orthogonal to the first polarization axis. The driving
circuit 100 is connected to the controller 30. The driving
circuit 100 controls the states of the unit areas 7c in accor-
dancewith a switching signal supplied from the controller 30.

Referring to FIG. 1, the polarization control LCD panel 7
sets the unit areas 7¢ to be alternately in the transmitting and
polarizing states, thus providing polarization control areas 7a
for transmitting light having the first polarization axis emitted
from the backlight 5 through the polarizer 6 and polarization
control areas 75 for converting light having the first polariza-
tion axis to light having the second polarization axis substan-
tially orthogonal to the first polarization axis. The polariza-
tion control areas 7a and 75 of the polarization control LCD
panel 7 extend in a direction substantially orthogonal to a line
segment connecting the viewers 10 and 20, i.e., in the direc-
tion perpendicular to the drawing sheet of each of FIGS. 2A
and 2B (in the direction F in FIG. 1). The polarization control
areas 7a and 75 are alternately arranged in the direction G.

In the first dual-view display mode of the image display 1,
the polarization control LCD panel 7 is controlled so as to set
the unit areas 7c¢ alternately in the transmitting and polarizing
states to provide the polarization control areas 7a and 7b as
shown in FIG. 2A. In the second dual-view display mode, the
polarization control LCD panel 7 is controlled so as to reverse
the positional relationship between the polarization control
areas 7a and 75 in the first dual-view display mode, as shown
in FI1G. 2B.

Referring to FIGS. 1 to 2B, a lenticular lens 8 is arranged
onone side of the polarization control LCD panel 7 near to the
viewers 10 and 20. The lenticular lens 8 includes a plurality of
substantially semicylindrical lens portions 8a extending in
the direction F of FIG. 1. Referring to FIGS. 2A and 2B, each
lens portion 8a corresponds to one combination of the polar-
ization control areas 7a and 7b in the polarization control
LCD panel 7. The lenticular lens 8 including the lens portions
8a allows lights having the different polarization axes sepa-
rated through the polarization control LCD panel 7 to travel in
two directions substantially orthogonal to the directionF, i.e.,
to the viewers 10 and 20 located in the different viewing
positions.

For example, in the first dual-view display mode of the
image display 1 shown in F1G. 24, light rays coming from the
polarization control areas 7a are focused so as to travel to the
viewer 10 by the lenticular lens 8. On the other hand, light
rays coming from the polarization control areas 76 are
focused so as to travel to the viewer 20 by the lenticular lens
8.

In the second dual-view display mode of the image display
1 shown in FIG. 2B, light rays coming from the polarization
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control areas 75 are focused so as to travel to the viewer 10 by
the lenticular lens 8. On the other hand, light rays coming
from the polarization control areas 7a are focused so as to
travel to the viewer 20 by the lenticular lens 8.

In addition, a retardation film 9 is arranged between the
lenticular lens 8 and the polarizer 4 attached on the display
panel 2. FIG. 9 is a diagram showing a state where the viewer
positioned in front of the image display 1 views the display
panel 2, the diagram explaining the principle of the image
display 1 in FIG. 1. FIGS. 10A and 10B are exploded pet-
spective views of the image display 1 shown in FIG. 1 for
explanation of the principle thereof. The retardation film 9
includes transmitting areas 9a for transmitting light having
the first polarization axis and polarizing areas 95 for convert-
ing light having the first polarization axis to light having the
second polarization axis. Referring to FIGS. 1 and 10A and
10B, the transmitting areas 9a and the polarizing areas 96
extend in the direction G substantially orthogonal to the direc-
tion F such that they are alternately arranged in the direction
F. As shown in FIGS. 9 to 10B, the transmitting areas 9a and
the polarizing areas 95 of the retardation film 9 are arranged
so as to correspond to respective rows of pixels (hereinafter,
pixel rows 2a and 2b) in the display panel 2, the pixel rows 2a
and 2b extending in the direction G and being alternately
arranged in the direction F.

The structure of the polarization control LCD panel 7 will
now be described in detail below. FIG. 4 is an exploded
perspective view of the polarization control LCD panel 7.
FIG. 5 is a plan view of the polarization control LCD panel 7.
FIG. 6 is a cross-sectional view at the line VI-VI of FIG. 5.

The polarization control LCD panel 7 includes an upper
substrate 72, a lower substrate 71, and a liquid crystal layer 73
sandwiched between the substrates 71 and 72. Each of the
substrates 71 and 72 comprises a light-transmissive material,
such as glass or quartz. The liquid crystal layer 73 includes,
for example, twisted nematic (TN) liquid crystal. On a surface
of the upper substrate 72 near to the liquid crystal layer 73,
upper electrodes 82 and 83 and an alignment layer 74 are
arranged. Each of the upper electrodes 82 and 83 includes a
transparent conductive layer comprising, for example, ITO.
The alignment layer 74 controls the initial orientation of the
liquid crystal layer 73.

Referring to FIG. 4, the upper electrodes 82 and 83 are two
comb electrodes as viewed from a direction orthogonal to the
directions F and G. The upper electrode 82 includes a con-
necting part 824 extending in the direction G and a plurality of
strip electrode segments 82a extending from the connecting
part 825 in parallel to one another in the direction F so as to
cover the upper substrate 72. Similarly, the upper electrode 83
includes a connecting part 836 and a plurality of strip elec-
trode segments 83a extending from the connecting part 835 in
parallel to one another in the direction F so as to cover the
upper substrate 72. The connecting parts 826 and 835 are
arranged in parallel to each other outside a region in the upper
substrate 72, the region corresponding to a pixel array area 2¢
of the display panel 2.

As viewed from the direction orthogonal to the directions F
and G, the strip electrode segments 82a and 834 are arranged
over the region in the upper substrate 72 corresponding to the
pixel array area 2¢ so as to extend in the longitudinal direction
(direction F). The strip electrode segments 82a are arranged at
a pitch 2W, which is twice as long as the pitch W for the
arrangement of the unit areas 7c¢, in the lateral direction (di-
rection G) over the region in the upper substrate 72 corre-
sponding to the pixel array area 2c¢ of the display panel 2, as
viewed from the direction orthogonal to the directions F and
G. Similarly, the upper electrode segments 83a are arranged
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at the pitch 2W in the direction G over the region correspond-
ing to the pixel array area 2¢. The upper electrodes 82 and 83
are arranged so as to engage with each other without overlap-
ping the strip electrode segments 82a and 83a.

In other words, the strip electrode segments 82a and 83a
extending in the direction F are alternately arranged at the
pitch W in the direction G in the region in the upper substrate
72 corresponding to the pixel array area 2¢ of the display
panel 2.

On the other hand, a lower electrode 81 is arranged over a
region in the lower substrate 71 as viewed from the direction
orthogonal to the directions F and G, the region covering the
pixel array area 2¢ of the display panel 2.

Referring to FIG. 3, each unit area 7¢ of the polarization
control LCD panel 7 is an area where either the strip electrode
segment 82a of the upper electrode 82 or the upper electrode
segment 83a of the upper electrode 83 is superposed above
the lower electrode 81. In other words, the orientation of the
liquid crystal layer 73 is defined by the potential difference
between each of the strip electrode segments §2a and 834 and
the corresponding part of the lower electrode 81, thus forming
the polarization control areas 7a and 7b of the polarization
control LCD panel 7.

In this embodiment, when the upper electrode 82 or 83 and
the lower electrode 81 in a certain unit area 7¢ provide a
sufficient potential difference therebetween, the area serves
as the polarization control area 7a for transmitting light hav-
ing the first polarization axis. If the upper electrode 82 or 83
and the lower electrode 81 in the certain unit area 7¢ have no
potential difference therebetween, the area serves as the
polarization control area 74 for converting light having the
first polarization axis to light having the second polarization
axis that is substantially orthogonal to the first polarization
axis.

The potential difference between the upper electrode 82 or
83 and the lower electrode 81 is determined by voltages
applied to the opposed electrodes. The voltages applied to the
respective electrodes are controlled by the driving circuit 100,
which will be described below. FIG. 7 s an electrical diagram
of the driving circuit 100.

The driving circuit 100 includes an oscillator circuit 110, a
frequency divider circuit 120, XOR circuits 101 and 102, a
NAND circuit 103, and switches 131 and 132. The driving
circuit 100 further includes output terminals OUT1, OUT2,
and OUT3. The output terminals OUT1 to OUT3 are con-
nected to the lower electrode 81 and the upper electrodes 82
and 83, respectively.

The switches 131 and 132 each have two input terminals.
The two input terminals are connected to a power supply
voltage of +5 V and ground potential GND, respectively. An
output terminal of the switch 132 is connected to the oscillator
circuit 110. An output terminal of the switch 131 is connected
to one input terminal of the XOR circuit 101 and both input
terminals of the NAND circuit 103. The switches 131 and 132
are connected to the controller 30. In response to a switching
signal from the controller 30, one of the two input terminals of
each switch is selectively connected to the output terminal
thereof.

The oscillator circuit 110 is a CR oscillator and includes
NAND circuits 111, 112, and 113, a capacitor 115, and a
resistor 116. The power supply voltage of +5 V is applied
from the output terminal of the switch 132 to the NAND
circuit 111, so that the CR oscillator circuit 110 outputs a
clock signal V0.

The frequency divider circuit 120 includes a D-type flip-
flop (hereinafter, referred to as a DFF) 121. A clock input
terminal CK of the DFF 121 is connected to an output of the
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oscillator circuit 110. An inverted output terminal QB of the
DFF 121 is connected to an input terminal D thereof. The DFF
121 outputs a clock signal V1 from an output terminal Q, the
clock signal V1 having a frequency that is half the frequency
ofthe clock signal V0 supplied from the oscillator circuit 110.
The frequency divider circuit 120 divides the frequency of the
clock signal V0 in half to obtain the clock signal V1 having a
rectangular wave whose duty ratio is 50%

The output terminal Q of the DFF 121 is connected to the
output terminal OUT1, the other input terminal of the XOR
circuit 101, and one input terminal of the XOR circuit 102. An
output terminal of the NAND circuit 103 is connected to the
other input terminal of the XOR circuit 102. Output terminals
of the XOR circuits 101 and 102 are connected to the output
terminals OUT?2 and OUT3, respectively.

The operation of the driving circuit 100 and waveforms of
voltages output from the driving circuit 100 to the lower
electrode 81 and the upper electrodes 82 and 83 will now be
described. FIGS. 8A and 8B are timing charts for explaining
waveforms of voltages output from the output terminals
OUT1 to OUTS3 of the driving circuit 100.

In the first dual-view display mode, inresponse to a switch-
ing signal from the controller 30, the input terminal of the
switch 131 is connected to the ground potential GND and the
input terminal of the switch 132 is connected to the power
supply voltage of +5V. As shown in FIG. 8A, therefore, the
output terminals OUT1 and OUT2 each output the clock
signal V1 which is output from the output terminal Q of the
DFF 121. On the other hand, the output terminal OUT3 out-
puts a signal obtained by inverting the clock signal V1
through the XOR circuit 102.

In the second dual-view display mode, in response to a
switching signal from the controller 30, the input terminals of
the switches 131 and 132 are connected to the power supply
voltage of +5 V. As shown in FIG. 8B, therefore, the output
terminals OUT1 and OUT3 each output the clock signal V1
which is output from the output terminal Q of the DFF 121.
On the other hand, the output terminal OUT2 outputs a signal
obtained by inverting the clock signal V1 through the XOR
circuit 101.

In other words, the driving circuit 100 applies the voltages
to the upper electrodes 82 and 83 such that the adjacent strip
electrode segments 82a and 83a of the upper electrodes 82
and 83 are applied with voltages opposite in phase, and
applies the voltage, which is in phase with one of the voltages
applied to the upper electrodes 82 and 83, to the lower elec-
trode 81. In the first dual-view display mode, a potential
difference exists between each upper electrode segment 83a
and the lower electrode 81. In the second dual-view display
mode, a potential difference exists between each strip elec-
trode segment 82q and the lower electrode 81. The polariza-
tion control areas 7a and 7b are alternately arranged in the
polarization control LCD panel 7. The positions of the polar-
ization control areas 7a and 7b each serving as the unit area 7¢
are reversed between the first and second dual-view display
modes.

The operation of the image display 1 according to the
embodiment of the invention will be described in detail
below. The operation thereof in the first dual-view display
mode will now be described with reference to FIGS. 2A and
2B and 9to 11B. FIGS. 11A and 11B are diagrams explaining
areas of the display panel viewed by the viewers in the respec-
tive dual-view display modes of the image display 1 shown in
FIG. 1.
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8
First Dual-View Display Mode

The controller 30 supplies image signals to the display
panel 2 to display images. In this instance, the controller 30
supplies two image signals for the image .2 (for example, for
atelevision receiver) and the image R2 (for example, for a car
navigation system). In this embodiment, as shown in FIGS.
10A and 10B, the image [.2 is displayed in the pixel rows 2a
of the display panel 2 and the image R2 is displayed in the
pixel rows 25 thereof in the first and second dual-view display
modes. When the controller 30 supplies the image signals to
the display panel 2 only after starting the image display 1, the
controller 30 simultaneously outputs a switching signal to the
driving circuit 100 so that the driving circuit 100 enters the
first dual-view display mode. In other words, the image dis-
play 1 according to this embodiment enters the first dual-view
display mode every time the image display 1 is started.

In the first dual-view display mode, as for light emitted
from the backlight 5, the polarizer 6 disposed on the backlight
5 near to the viewers 10 and 20 allows only light having the
first polarization axis to pass therethrough to the polarization
control LCD panel 7. The light having the first polarization
axis passes through the polarization control areas 7a and 7b of
the polarization control LCD panel 7. In this instance, the
light incident on the polarization control areas 7a of the
polarization control LCD panel 7 passes therethrough such
that the polarization axis is not changed. On the other hand,
the light incident on the polarization control areas 7b passes
therethrough such that the polarization axis is changed by
substantially 90° (i.e., the light has the second polarization
axis). After that, as shown in FIG. 2A, the light passing
through the polarization control areas 7a and having the first
polarization axis is focused so as to travel to the viewer 10 by
the lenticular lens 8. The light passing through the polariza-
tion control areas 75 and having the second polarization axis
substantially orthogonal to the first polarization axis is
focused so as to travel to the viewer 20 by the lenticular lens
8.

Referring to FIG. 10A, the light having the first polariza-
tion axis and traveling to the viewer 10 enters the retardation
film 9 having the transmitting areas 94 and the polarizing
areas 9b. The light having the first polarization axis passes
through the transmitting areas 9a and the polarizing areas 95
of the retardation film 9. In this instance, the light incident on
the transmitting areas 9a of the retardation film 9 passes
therethrough such that the polarization axis is not changed.
The light incident on the polarizing areas 95 passes there-
through such that the polarization axis is changed by substan-
tially 90° (i.e., the light has the second polarization axis).
After that, the light passing through the transmitting areas 9a
of the retardation film 9 while having the first polarization
axis and traveling to the viewer 10 enters the polarizer 4
arranged between the retardation film 9 and the display panel
2. The light passes through the polarizer 4 and then enters the
pixel rows 2a of the display panel 2. On the other hand, the
light passing through the polarizing areas 95 of the retarda-
tion film 9 such that the light has the second polarization axis
and traveling to the viewer 10 enters the polarizer 4 disposed
between the retardation film 9 and the display panel 2, so that
the light is absorbed by the polarizer 4. Accordingly, the light
to pass through the pixel rows 26 of the display panel 2 where
the image R2 is displayed does not reach the viewer 10. Thus,
the viewer 10 cannot view the image R2 displayed in the pixel
rows 2b of the display panel 2. Referring to FIG. 114, the
viewer 10 can view only the image [.2 displayed in the pixel
rows 2a of the display panel 2.

As shown in FIG. 10A, the light traveling to the viewer 20
while having the second polarization axis enters the retarda-
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tion film 9 having the transmitting areas 9a and the polarizing
areas 9b. Then, the light having the second polarization axis
substantially orthogonal to the first polarization axis passes
through the transmitting areas 9a and the polarizing areas 95
of the retardation film 9. In this instance, the light incident on
the transmitting areas 9a passes therethrough such that the
polarization axis is not changed. The light incident on the
polarizing areas 95 passes therethrough such that the polar-
ization axis is changed by substantially 90° (i.e., the light has
the first polarization axis). After that, the light, which passes
through the transmitting areas 9a while having the second
polarization axis and travels to the viewer 20, enters the
polarizer 4 arranged between the retardation film 9 and the
display panel 2, so that the light is absorbed by the retardation
film 9. Accordingly, the light to pass through the pixel rows 2a
of the display panel 2 where the image L2 is displayed does
not reach the viewer 20. Thus, the viewer 20 cannot view the
image L2 displayed in the pixel rows 2a of the display panel
2. On the other hand, the light passing through the polarizing
areas 95 such that the light has the first polarization axis and
traveling to the viewer 20 enters the polarizer 4 disposed
between the retardation film 9 and the display panel 2. The
light passes through the polarizer 4 and enters the pixel rows
2b of the display panel 2. Consequently, the viewer 20 can
view only the image R2 displayed in the pixel rows 25 of the
display panel 2 as shown in FIG. 11A.

Second Dual-View Display Mode

When the viewer 10 or 20 operates the display mode selec-
tor switch in the first dual-view display mode, the mode of the
image display 1 is switched to the second dual-view display
mode. In other words, the controller 30 transmits a switching
signal to the driving circuit 100 so that the driving circuit 100
enters the second dual-view display mode. In this instance,
the image signals supplied from the controller 30 to the dis-
play panel 2 are the same as those of the first dual-view
display mode.

In the second dual-view display mode, as for light emitted
from the backlight 5, the polarizer 6 disposed on the backlight
5 near to the viewers 10 and 20 allows only light having the
first polarization axis to pass therethrough to the polarization
control LCD panel 7. The light having the first polarization
axis passes through the polarization control areas 7a and 7b of
the polarization control LCD panel 7. In this instance, the
light incident on the polarization control areas 7a passes
therethrough such that the polarization axis is not changed.
On the other hand, the light incident on the polarization
control areas 7b passes therethrough such that the polariza-
tion axis is changed by substantially 90° (i.e., the light has the
second polarization axis). After that, as shown in FIG. 2B, the
light passing through the polarization control areas 7a while
having the first polarization axis is focused so as to travel to
the viewer 20 by the lenticular lens 8. The light passing
through the polarization control areas 75 such that the light
has the second polarization axis substantially orthogonal to
the first polarization axis is focused so as to travel to the
viewer 10 by the lenticular lens 8.

Referring to FIG. 10B, the light traveling to the viewer 20
while having the first polarization axis enters the retardation
film 9 having the transmitting areas 9a and the polarizing
areas 9b. The light having the first polarization axis passes
through the transmitting areas 9a and the polarizing areas 95
of the retardation film 9. In this instance, the light incident on
the transmitting areas 9a passes therethrough such that the
polarization axis is not changed. The light incident on the
polarizing areas 95 passes therethrough such that the polar-
ization axis is changed by substantially 90° (i.e., the light has
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the second polarization axis). After that, the light, which
passes through the transmitting areas 9a while having the first
polarization axis and travels to the viewer 20, enters the
polarizer 4 arranged between the retardation film 9 and the
display panel 2. The light passes through the polarizer 4 and
then enters the pixel rows 2a of the display panel 2. On the
other hand, the light, which passes through the polarizing
areas 95 such that the light has the second polarization axis
and travels to the viewer 20, enters the polarizer 4 disposed
between the retardation film 9 and the display panel 2, so that
the light is absorbed by the polarizer 4. Accordingly, the light
to pass through the pixel rows 25 of the display panel 2 where
the image R2 is displayed does not reach the viewer 20. Thus,
the viewer 20 cannot view the image R2 displayed in the pixel
rows 2b of the display panel 2. Referring to FIG. 11B, the
viewer 20 can view only the image [.2 displayed in the pixel
rows 2a of the display panel 2.

As shown in FI1G. 10B, the light traveling to the viewer 10
while having the second polarization axis enters the retarda-
tion film 9 having the transmitting areas 9a and the polarizing
areas 9b. Then, the light having the second polarization axis
substantially orthogonal to the first polarization axis passes
through the transmitting areas 9a and the polarizing areas 95
of the retardation film 9. In this instance, the light incident on
the transmitting areas 9a passes therethrough such that the
polarization axis is not changed. The light incident on the
polarizing areas 95 passes therethrough such that the polar-
ization axis is changed by substantially 90° (i.e., the light has
the first polarization axis). After that, the light, which passes
through the transmitting areas 9a while having the second
polarization axis and travels to the viewer 10, enters the
polarizer 4 arranged between the retardation film 9 and the
display panel 2, so that the light is absorbed by the polarizer
4. Accordingly, the light to pass through the pixel rows 2a of
the display panel 2 where the image [.2 is displayed does not
reach the viewer 10. Thus, the viewer 10 cannot view the
image .2 displayed in the pixel rows 2a of the display panel
2. On the other hand, the light, which passes through the
polarizing areas 96 such that the light has the first polarization
axis and travels to the viewer 10, enters the polarizer 4 dis-
posed between the retardation film 9 and the display panel 2.
The light passes through the polarizer 4 and enters the pixel
rows 2b of the display panel 2. Consequently, the viewer 10
can view only the image R2 displayed in the pixel rows 25 of
the display panel 2 as shown in FIG. 11B.

When the viewer 10 or 20 operates the display mode selec-
tor switch in the second dual-view display mode, the image
display 1 is returned to the first dual-view display mode.

The image display 1 according to this embodiment has the
following advantages.

According to the embodiment, the image display 1
includes the lenticular lens 8 for allowing lights having dif-
ferent polarization axes separated through the polarization
control LCD panel 7 to travel in respective predetermined
directions. Accordingly, lights traveling to the viewers 10 and
20 are not blocked unlike in the case where light coming from
the display panel 2 is allowed to pass through a member for
restricting the light so that the light travels in a direction
defined by a predetermined angle. Advantageously, the inten-
sities of lights traveling to the viewers 10 and 20 can be
prevented from decreasing. Consequently, images can be pre-
vented from appearing dark.

In the image display 1, the polarization control LCD panel
7 for separating light emitted from the backlight 5 through the
polarizer 6 into light having the first polarization axis and
light having the second polarization axis substantially
orthogonal to the first polarization axis is disposed between
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the backlight 5 and the display panel 2. In addition, the len-
ticular lens 8 for allowing the lights having the different
polarization axes separated through the polarization control
LCD panel 7 to travel in different predetermined directions is
arranged between the polarization control LCD panel 7 and
the display panel 2. Consequently, the light emitted from the
backlight 5 can be separated so as to travel to the viewers 10
and 20 in different viewing positions before the light enters
the display panel 2. In a known dual-view display using a
parallax barrier, in the use of a high-definition display panel
with a small pixel pitch, disadvantageously, the distance
between two viewers cannot be widened because of the posi-
tional relationship between the parallax barrier and pixels.
According to the embodiment of the invention, if the image
display 1 includes a high-definition display panel 2 with a
small pixel pitch, lights travel to the viewers 10 and 20 irre-
spective of the pixel pitch of the display panel 2. Advanta-
geously, different high-definition images can be provided to
the viewers 10 and 20 in the different viewing positions.

In the known dual-view display with the parallax barrier
for presenting different images .2 and R2 to the respective
viewers 10 and 20 in different viewing positions, the images
L2 and R2 have to be interchanged in order to present the
images R2 and L2 to the viewers 10 and 20, respectively.
Therefore, input data of the images [.2 and R2 has to be
rendered to generate new image signals each time the images
L2 and R2 are interchanged. Unfortunately, the known dual-
view display requires time for re-rendering each time the
directions of displaying the images [.2 and R2 are inter-
changed, causing a delay in image display. To eliminate the
delay in image display, the display has to be equipped with a
memory, leading to an increase in the cost of the display.

According to the embodiment of the invention, the image
display 1 can interchange the images provided to the viewers
10 and 20 in different viewing positions without changing the
positions of display portions for the images [.2 and R2.
Advantageously, a delay in image display is not caused dur-
ing interchanging the images.

The upper electrodes 82 and 83 of the polarization control
LCD panel 7 are comb-shaped and are engaged with each
other on the upper substrate 72 such that the strip electrode
segments 82a¢ and 83a are alternately arranged. The lower
electrode 81 is arranged so as to cover the region in the lower
substrate 71 corresponding to the pixel array area 2¢. Accord-
ingly, two electrodes, serving as the upper electrodes, applied
with different voltages can be formed by a single conductive
layer on a substrate. The polarization control LCD panel 7 can
be easily formed at a low cost.

In addition, since the driving circuit 100 controlling the
polarization control LCD panel 7 is composed of known
simple electric circuits, such as the oscillator circuit 110, the
frequency divider circuit 120, and the logic circuits, the driv-
ing circuit 100 can be readily formed at a low cost.

The image display 1 in accordance with the embodiment
has the two display modes, i.e.. the first and second dual-view
display modes. The image display 1 may further have a two-
dimensional image display mode. In the two-dimensional
image display mode, the image display 1 presents the same
image to the viewers 10 and 20 in different viewing positions.
In this mode, the controller 30 supplies image signals to the
display panel 2 so that the pixel rows 2a and 256 of the display
panel 2 display the same image. In the second dual-view
display mode, the viewer 10 or 20 can switch the mode to the
two-dimensional image display mode by operating the dis-
play mode selector switch.

In the embodiment, the first and second dual-view display
modes of the image display 1 can be switched therebetween
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by operating the display mode selector switch through the
viewer 10 or 20. The display mode switching is not intended
to be limiting. For example, data of the images L2 and R2
supplied to the image display 1 may include display-mode
switching information. The controller 30 may output a
switching signal in accordance with the display-mode switch-
ing information so that the display mode of the image display
1 is switched to the other one. Alternatively, a timer may be
used so that the display mode of the image display 1 is
sequentially switched to the other one every predetermined
time.

An example of an electronic device to which the image
display according to the invention can be applied will now be
described with reference to FIG. 12.

In this example, the image display according to the inven-
tion is applied to a display of a mobile phone. FIG. 12 is a
perspective view of a mobile phone. Referring to FIG. 12, a
mobile phone 200 includes a plurality of operation buttons
201, an earpiece 202, a mouthpiece 203, and a display 204 to
which the image display according to the invention is applied.

In addition to the mobile phone shown in FIG. 12, the
image display according to the invention is suitably appli-
cable to electronic devices, e.g., a personal computer, a liquid
crystal television, view-finder type and monitor-direct-view
type video tape recorders, a car navigation system, a pager, an
electronic organizer, an electronic calculator, a word proces-
sor, aworkstation, a videophone, a POS terminal, and a digital
still camera.

It should be understood that the invention is not limited to
the above-described embodiments and various changes and
modifications thereof could be made without departing from
the spirit or scope of the invention as defined in the appended
claims and as described in the specification.

The entire disclosure of Japanese Patent Application No.
2006-011304, filed Jan. 19, 2006 is expressly incorporated by
reference herein.

What is claimed is:

1. An image display comprising:

adisplay panel having a plurality of pixels arrayed in a first
direction and a second direction intersecting the first
direction;

a light source that emits light toward the display panel;

a polarization-axis control unit disposed between the dis-
play panel and the light source, the polarization-axis
control unit separating the light emitted from the light
source into light having a first polarization axis and light
having a second polarization axis different from the first
polarization axis; and

an optical element arranged between the display panel and
the polarization-axis control unit, the optical element
allowing the light emitted from the light source to travel
in a direction substantially orthogonal to the first direc-
tion, wherein

the polarization-axis control unit includes:

a first substrate;

a second substrate;

a liquid crystal layer sandwiched between the first and
second substrates;

a first electrode having a first connecting part and a first
plurality of strip electrode segments extending from the
first connecting part in the first direction arranged at a
predetermined pitch in the second direction on the first
substrate;

a second electrode having a second connecting part and a
second plurality of strip electrode segments extending
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from the second connecting part in the first direction
arranged at a predetermined pitch in the second direction
on the first substrate; and

athird electrode on the second substrate,

the first electrode and the second electrode arranged with
the first connecting part and the second connecting part
each in opposite end portions of the first substrate, and
the first plurality of strip electrode segments and the
second plurality of strip electrode segments extending
from the first connecting part and the second connecting
part in opposite directions and alternately arranged over
a surface of the first substrate, and the first electrode and
the second electrodeare arranged separately and without
overlapping, and are electrically driven separately, and

the third electrode being superposed over the first electrode
and second electrode in a region corresponding to a pixel
array area of the display panel.

2. The image display according to claim 1, further com-

prising:

a controller that controls voltages applied to the first elec-
trode and the second electrode to switch an image dis-
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play mode of the image display between a first dual-view
display mode and a second dual-view display mode.

3. The image display according to claim 2, wherein

in the first dual-view display mode, the controller applies
the voltages to the first electrode and second electrode so
that the adjacent strip electrode segments of the respec-
tive first plurality of strip electrode segments and second
plurality of strip electrode segments are opposite in
phase and the third electrode is applied with the voltage
having the same phase as that of the voltage applied to
the first electrode, and

in the second dual-view display mode, the controller
applies the voltages to the first electrode and the second
electrode so that the adjacent strip electrode segments of
the respective first plurality of strip electrode segments
and second plurality of strip electrode segments are
opposite in phase and the third electrode is applied with
the voltage having the same phase as that of the voltage
applied to the second electrode.

4. An electronic device having the image display according

to claim 1.
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