US 20130021239A1
a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2013/0021239 A1

KOYAMA et al. 43) Pub. Date: Jan. 24, 2013
(54) DISPLAY DEVICE Publication Classification
(75) Inventors: Jun KOYAMA, Sagamihara (JP); (51) Imt.CL
Hiroyuki MIYAKE, Atsugi (JP); G09G 3/36 (2006.01)
Hideaki SHISHIDO, Atsugi (JP); Seiko GOGF 3/038 (2006.01)
INOUE, Isehara (JP); Kouhei GOG6F 3/01 (2006.01)
TOYOTAKA, Atsugi (JP); Koji (52) US.CL i 345/156; 345/87
KUSUNOKI, Kawasaki (JP); Hikaru
HARADA, Isehara (JP); Makoto 57 ABSTRACT

KANEYASU, Hadano (JP) A display device includes a display panel including a plurality

(73) Assignee: SEMICONDUCTOR ENERGY of pixels, a shutter panel including a driver circuit, a liquid
< LABORATORY CO., LTD., Atsugi-shi crystal, and light-transmitting electrodes provided in a striped
(IP) ? ’ manner, and a positional data detector configured to detect a
positional data of a viewer. The shutter panel is provided over
(21) Appl. No.: 13/545,768 a display surface side of the display panel, a width of one of
the light-transmitting electrodes in the shutter panel is smaller
(22) Filed: Jul. 10, 2012 than that of one of the plurality of pixels, and the driver circuit
in the shutter panel is configured to selectively output signals
(30) Foreign Application Priority Data for forming a parallax barrier to the light-transmitting elec-
trodes. The parallax barrier is capable of changing its shape in
Jul. 19,2011 (JP) oo 2011-157990 accordance with the detected positional data.
10
.......................................................... VAR

-|L1IR1|L2IR2|L3IR3IL4|R4IL5|R5IL6IR6||
SN N A A

\\\\\\|\|\I\/\/\/L/L/[ di

'/x\ NN NN A AA AT &\\
Y \-\‘.*-‘\.\’\(\{ VY] V' V/
| /

‘L I

) P
LH U LJ LK L

RF RG RH RI RJ RK RL RM..




US 2013/0021239 Al

Jan. 24,2013 Sheet 1 of 12

Patent Application Publication

VI H T/ T T
VA HAUTL T
QQQQQQQQQ

I AT

FIG. 1A

FIG. 1C

FIG. 1B

o A2

Al
206—

\

\w\_




Patent Application Publication

Jan. 24,2013 Sheet 2 of 12

US 2013/0021239 Al

L2 | R2 R4

LS

v

W\

N

.

AN

41

avd

42

[ |
RA RB RC RD RE RF RG RH RI

RJ RK RL RM




Patent Application Publication Jan. 24,2013 Sheet 3 of 12 US 2013/0021239 Al




Patent Application Publication Jan. 24,2013 Sheet 4 of 12 US 2013/0021239 Al

[L1[R1I]J L2 R2]L3[R3|] L4 R4A| LS5[RS [ L6 ]| R6

L

L W N Y Y NoA

.

___________________________________

N, ~~;3Q,\..\\.\.| YAVAY, \/ Vavd




US 2013/0021239 Al

Jan. 24,2013 Sheet S of 12

Patent Application Publication

FIG. 5A

IIIIII

IIIIII

N T R
1 NN
N
N
N b1 BN
@]\

N S
RS
TS

1 <t ~
I
D <

B Dl
! el .~
D <
i
2
e
jEps
[ NV 2
e
! e
2

FIG. 5B

[J K LL LM

"RG RH RI

IN LO LP LQ IR IS [T LU LV LW LX LY [Z..

LA LB LC LD LE LF LG LH LI




Patent Application Publication Jan. 24,2013 Sheet 6 of 12 US 2013/0021239 Al




US 2013/0021239 Al

Jan. 24,2013 Sheet 7 of 12

Patent Application Publication

FIG. 7A

r

IIIIIIIIIIIIIIIIIII

-
T

at T2

——

1 frame period

AT



US 2013/0021239 Al

Jan. 24,2013 Sheet 8 of 12

Patent Application Publication

220

FIG. 8

210

AR —]
B S S NS S S VY
R R N R D S SRR |
—,;//////,,//,,///,,//,//‘,////////,,,,////////,////////d
SRR S S UL USSR S SUUGUR |

-

.

.

=

=

TR T~
TN

.

SRR RS

ARRASS |

R ~ PR
e
— AT S NSRS SR |
I NN N s s S Y SSRGS
= r——r—
DL TN N S N I Y NN S S s UL
e SRR
—— R |
I //,,//,/////,/,,/,/,/ REEEINNNURNNN
Eo e s st m o ,,//J/////;. d
e~ EETESAR
RS N I/,//////i
M T TN NN X LA N A RSN
RO RRREN RSN
- — N REEEETE
R RN X ~~ 4]
LIS TN N N NS N e ~
~ - A TN N S N N O T T T Y N N S N L S N
e NN
—— — R ISR RN |
RS T ESSNRNNNNS
| SSNNSRNNNNRS S
= o]
— NN N o~~~
RN N SN SN e LI
NN SNUNRN

o
~N

200



Patent Application Publication Jan. 24,2013 Sheet 9 of 12 US 2013/0021239 Al

FIG. 9A a0

...4,11%%14/230

20

FIG. 9B T
|

Supply power supply voltage to
driver circuit 210

Turn transistor 230 ON

Form parallax barrier

Turn transistor 230 OFF

Stop supplying power supply voltage to
driver circuit 210

( End )




Patent Application Publication Jan. 24,2013 Sheet 10 of 12 US 2013/0021239 Al

FIG. 10
30
v
301

_______________________________________________________________



US 2013/0021239 Al

Jan. 24,2013 Sheet 11 of 12

Patent Application Publication

1:aAEM paIDapey

Jan19034
apls 397

d9Al209d
101BlIIdSO  3pys Jybiy




Patent Application Publication Jan. 24,2013 Sheet 12 of 12 US 2013/0021239 Al

FIG. 12A oo

2004

2401




US 2013/0021239 Al

DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a display device. In
particular, the present invention relates to a display device
capable of displaying a three-dimensional (3D) image.
[0003] 2. Description of the Related Art

[0004] Display devices are widely used, ranging from large
display devices such as television devices to small display
devices such as mobile phones. The display device includes a
display portion in which a plurality of pixels are provided in
matrix. An image is formed on the display portion in such a
manner that each of the pixels displays a predetermined color.
In recent years, display devices capable of displaying 3D
images have been developed.

[0005] An example of a display method for displaying 3D
images is a method (hereinafter also referred to as a stereo-
scopic method) which has a period in which display for a left
eye is performed on a display portion and a period in which
display for a right eye is performed on the display portion. In
this method, a viewer wears glasses with which the display for
the left eye is perceived only by the left eye and the display for
the right eye is perceived only by the right eye. Another
example of a display method for displaying 3D images is a
method (hereinafter also referred to as an autostereoscopic
method) which uses pixels for a left eye and pixels for a right
eye in a display portion and utilizes a structure (a parallax
barrier or the like) with which the display for the left eye is
perceived only by the left eye and the display for the right eye
is perceived only by the right eye.

[0006] It is not necessary to prepare glasses to see 3D
images in the case of autostereoscopic display, which offers
high convenience. Note that when two-dimensional (2D)
images are displayed with a display device for autostereo-
scopic 3D display, the resolution of the 2D images is low
because of a structure unique to an autostereoscopic method
(a parallax barrier or the like).

[0007] Patent Document 1 discloses a display device in
which the resolution of 2D images can be prevented from
being decreased in the case of the display device for 3D
images with the use of an autostereoscopic method. Specifi-
cally, the display device disclosed in Patent Document 1
forms a parallax barrier with the use of liquid crystal whose
alignment state is controlled by a voltage applied thereto.
With this structure, it is possible to determine whether or not
a parallax barrier is used in the display device.

[0008] That is, the display device can display 3D images
when the parallax barrier is used and can display 2D images
when the parallax barrier is not used.

[0009] [Reference]

[0010] [Patent Document 1] Japanese Published Patent
Application No. 2005-258013

SUMMARY OF THE INVENTION

[0011] When 3D images are displayed with the use of a
parallax barrier, a problem of crosstalk is prone to become
obvious. Here, the crosstalk means that a pixel for a left eye is
perceived by a right eye or a pixel for the right eye is perceived
by the left eye.

[0012] In view of the above problems, an object of one
embodiment of the present invention is to prevent crosstalk
from occurring in a display device displaying 3D images.
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[0013] A display device according to one embodiment of
the present invention has a means for detecting positional data
of'a viewer and forms a parallax barrier on the basis of the
positional data.

[0014] Specifically, according to one embodiment of the
present invention, a display device includes a display panel
configured to perform display with the use of a plurality of
pixels arranged in matrix, a shutter panel configured to form
a parallax barrier by controlling a voltage applied to liquid
crystal in accordance with a signal input to each of light-
transmitting electrodes provided in a striped manner, and a
positional data detecting means for detecting positional data
of'aviewer. The shutter panel is provided on a display surface
side of the display panel. The light-transmitting electrode is
provided to be parallel or substantially parallel with a column
of the plurality of pixels arranged in matrix. A width of the
light-transmitting electrode is smaller than each width (length
in a row direction) of the plurality of pixels arranged in
matrix. A signal input to the plurality of light-transmitting
electrodes is determined on the basis of the positional data
when a plurality of pixels in a column for display for aleft eye,
which is included in the plurality of pixels arranged in matrix,
performs the display for the left eye and the plurality of pixels
in a column for display for a right eye, which is included in the
plurality of pixels arranged in matrix and is not provided in
the column for display for a left eye, performs the display for
the right eye.

[0015] A display device according to one embodiment of
the present invention can form a parallax barrier on the basis
of positional data. Therefore, crosstalk can be prevented from
occurring.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1A illustrates an example of the structure of a
display device and FIGS. 1B and 1C are a plan view and a
cross-sectional view illustrating an example of the structure
of a shutter panel.

[0017] FIG. 2A illustrates an example of a method for driv-
ing a display device and FIG. 2B illustrates an example of a
method for driving a shutter panel.

[0018] FIG. 3A illustrates an example of a method for driv-
ing a display device and FIG. 3B illustrates an example of a
method for driving a shutter panel.

[0019] FIG. 4A illustrates an example of a method for driv-
ing a display device and FIG. 4B illustrates an example of a
method for driving a shutter panel.

[0020] FIG. 5A illustrates an example of a method for driv-
ing a display device and FIG. 5B illustrates an example of a
method for driving a shutter panel.

[0021] FIG. 6A illustrates an example of a method for driv-
ing a display device and FIG. 6B illustrates an example of a
method for driving a shutter panel.

[0022] FIGS. 7A and 7B illustrate a specific example of a
pixel.

[0023] FIG. 8 illustrates a specific example of a pixel.
[0024] FIG. 9A illustrates a specific example of a shutter

panel and FIG. 9B illustrates an example of driving of the
shutter panel.

[0025] FIG. 10 illustrates a specific example of a positional
data detecting means.

[0026] FIG.11anexample of detecting position of a viewer
with the use of a positional data detecting means.

[0027] FIGS. 12A and 12B each illustrate a specific
example of an electronic device.
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DETAILED DESCRIPTION OF THE INVENTION

[0028] Embodiments of the present invention will be
described below in detail. Note that the present invention is
not limited to the following description, and a variety of
changes can be made without departing from the spirit and
scope of the present invention. Therefore, the invention
should not be construed as being limited to the following
description.

[0029] <Structural Example of Display Device>

[0030] FIG. 1A illustrates a structural example of a display
device according to one embodiment of the present invention.
The display device illustrated in FIG. 1A includes a display
panel 10 for displaying an image, a shutter panel 20 forming
a parallax barrier, and a positional data detecting means 30 for
detecting positional data of a viewer. Note that the display
panel 10 displays an image with the use of a plurality of pixels
100 arranged in matrix. The shutter panel 20 is provided on
the side of the display surface of the display panel 10. Light-
transmitting electrodes 200 are provided to be parallel or
substantially parallel with the columns of the plurality of
pixels 100 arranged in matrix. The width of the light-trans-
mitting electrode 200 is smaller than each width (length in a
row direction) of the plurality of pixels 100 arranged in
matrix.

[0031] Note that the display panel 10 illustrated in FIG. 1A
can be a display panel in which a voltage applied to liquid
crystal is controlled so that a predetermined color is displayed
in the pixel 100 (what is called a liquid crystal panel), a
display panel in which a predetermined color is displayed
with the use of organic electroluminescence (also referred to
as organic EL) in the pixel 100 (what is called an organic EL.
panel), or the like. Further, the positional data detecting
means 30 illustrated in FIG. 1A can be a detecting means
utilizing an ultrasonic wave as a detecting medium (what is
called an ultrasonic sensor), a detecting means utilizing an
infrared ray as a detecting medium (what is called an infrared
sensor), or the like.

[0032] FIGS. 1B and 1C illustrate a structural example of
the shutter panel 20 included in the display device illustrated
in FIG. 1A. Specifically, FIG. 1B is a plan view illustrating a
structural example of the shutter panel 20 including a region
ofacross section taken along line A1-A2 in FIG. 1A, and FIG.
1C is a cross-sectional view illustrating a structural example
ofthe shutter panel 20 taken along line A1-A2in FIG. 1A. The
shutter panel 20 illustrated in FIGS. 1B and 1C includes a
substrate 205 and a substrate 206 which are provided to face
each other; the plurality of light-transmitting electrodes 200
which are provided over a surface of the substrate 205 facing
the substrate 206; an electrode 204 which is provided over a
surface of the substrate 206 facing the substrate 205; and
liquid crystal 202 which is provided between the plurality of
light-transmitting electrodes 200 and the electrode 204. Note
that the substrate 205, the substrate 206, and the electrode 204
have a light-transmitting property.

[0033] The shutter panel 20 illustrated in FIGS. 1A to 1C
forms a parallax barrier in such a manner that a voltage
applied to the liquid crystal 202 is controlled in accordance
with a signal input to the plurality of light-transmitting elec-
trodes 200. Specifically, the alignment of the liquid crystal
between each of the plurality of light-transmitting electrodes
200 and the electrode 204 is controlled in accordance with a
signal input to each of the plurality of light-transmitting elec-
trodes 200.
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[0034] Here, the shutter panel 20 is a panel (also referred to
as a normally white panel) in which the lower a voltage
applied to the liquid crystal becomes, the higher light trans-
mittance becomes. The signal is a signal for blocking light
passing through the whole of or substantially whole of a
region in which the light-transmitting electrode 200 is pro-
vided (a light-block signal) or a signal for transmitting light
through the whole of or substantially whole of the region (a
light transmission signal). Further, a signal input to the plu-
rality of light-transmitting electrodes 200 can be individually
controlled.

[0035] Thedisplay device illustrated in FIGS. 1A to 1C can
display 2D images in such a manner that display for both eyes
is performed in all of the plurality of pixels 100 and light
transmission signals are input to all of the light-transmitting
electrodes 200. The display device illustrated in FIGS. 1A to
1C can also display 3D images in such a manner that display
foralefteye is performed in part of the plurality of pixels 100,
display for a right eye is performed in the other part of the
plurality of pixels 100, light transmission signals are input to
part of the plurality of light-transmitting electrodes 200, and
light-block signals are input to the other part of the plurality of
light-transmitting electrodes 200.

[0036] <Example of Method for Driving Display Device 1
(Eyes at Reference Point)>

[0037] FIGS. 2A and 2B are schematic views illustrating an
example of a method for driving the display device illustrated
in FIGS. 1A to 1C. Specifically, FIG. 2A is a schematic
cross-sectional view of the plurality of pixels 100 arranged in
matrix in the display device illustrated in FIGS. 1A to 1C,
taken along a row direction. FIG. 2B is a magnified view of
the shutter panel 20 illustrated in FIG. 2A. Note that FIGS. 2A
and 2B illustrate an example of a driving method in the case
where the display device recognizes, on the basis of posi-
tional data detected by the positional data detecting means 30,
that a viewer is at a reference point.

[0038] Note that in the display panel 10 illustrated in FIG.
2A, L1 to L6 each represent the pixel 100 performing display
for a left eye and R1 to R6 each represent the pixel 100
performing display for a right eye. Further, eachof LA to LZ
in the shutter panel 20 illustrated in FIGS. 2A and 2B is a
region which exists on the left side of the shutter panel 20 seen
from the viewer and can be in a light-transmitting state or a
light-blocking state. Each of RA to RZ in the shutter panel 20
illustrated in FIGS. 2A and 2B is a region which exists on the
right side of the shutter panel 20 seen from the viewer and can
be in a light-transmitting state or a light-blocking state (ref-
erence symbols except for LA and RZ are not shown in FIG.
2A). Inthe regions LA to LZ and RA to RZ, a white region is
in a light-transmitting state (a light transmission signal is
input to the light-transmitting electrode 200 in the region) and
a diagonally shaded region is in a light-blocking state (a
light-block signal is input to the light-transmitting electrode
200 in the region). Further, FIG. 2A also illustrates a left eye
41 and a right eye 42 of the viewer.

[0039] In an example of a driving method illustrated in
FIGS. 2A and 2B, assuming that the columns are counted
from the leftmost column of the display panel 10 seen from
the viewer, display for the left eye is performed in the pixels
L1 to L6 provided in odd-numbered columns and display for
the right eye is performed in the pixels R1 to R6 provided in
even-numbered columns. Further, in the example of the driv-
ing method illustrated in FIGS. 2A and 2B, the regions LA to
LD, LIto LL, LQ to LT, LY to RB, RG to RJ, RO to RR, and
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RW to RZ in the shutter panel 20 are in a light-transmitting
state and the regions LE to LH, LM to LP, LU to LX, RC to
RF, RK to RN, and RS to RV in the shutter panel 20 are in a
light-blocking state. This structure prevents the right eye 42
from perceiving the pixels for display for the left eye and
prevents the left eye 41 from perceiving the pixels for display
for the right eye.

[0040] Specifically, the regions LE to LH are in a light-
blocking state, so that the left eye 41 and the right eye 42 are
prevented from perceiving the pixel R1 and the pixel L1,
respectively. The regions LM to LP are in a light-blocking
state, so that the left eye 41 and the right eye 42 are prevented
from perceiving the pixel R2 and the pixel L2, respectively.
The regions LU to LX are in a light-blocking state, so that the
left eye 41 and the right eye 42 are prevented from perceiving
the pixel R3 and the pixel L3, respectively. The regions RC to
RF are in a light-blocking state, so that the left eye 41 and the
right eye 42 are prevented from perceiving the pixel R4 and
the pixel L4, respectively. The regions RK to RN are in a
light-blocking state, so that the left eye 41 and the right eye 42
are prevented from perceiving the pixel RS and the pixel L5,
respectively. The regions RS to RV are in a light-blocking
state, so that the left eye 41 and the right eye 42 are prevented
from perceiving the pixel R6 and the pixel L6, respectively.
[0041] <Example of Method for Driving Display Device 2
(Locations of Eyes Moved to Left from Reference Point)>
[0042] FIGS. 3A and 3B are schematic views illustrating an
example of a method for driving the display device illustrated
in FIGS. 1A to 1C. Note that the example of the driving
method illustrated in FIGS. 3A and 3B is different from the
example of the driving method illustrated in FIGS. 2A and 2B
in the locations of eyes (a left eye and a right eye illustrated in
FIG. 3A with a dotted line shows the locations of the eyes in
FIG.2A). Specifically, FIGS. 3A and 3B illustrate an example
of a driving method in the case where the display device
recognizes, on the basis of positional data detected by the
positional data detecting means 30, that the viewer has moved
from the reference point to the left side.

[0043] The reference symbols (L1 to L6 and the like) and
the like in FIGS. 3A and 3B each indicate the same compo-
nents as the reference symbols and the like in FIGS. 2A and
2B.

[0044] In the example of the driving method illustrated in
FIGS. 3A and 3B, the display panel 10 performs the same
display as the display panel 10 illustrated in FIG. 2A. Further,
in the example of the driving method illustrated in FIGS. 3A
and 3B, theregions LAto LC, LHto LK, LPto LS, LX to RA,
RF to RI, RN to RQ, and RV to RY in the shutter panel 20 are
in a light-transmitting state and the regions LD to LG, LL to
LO, LT to LW, RBto RE, RIto RM, RR to RU, and RZ in the
shutter panel 20 are in a light-blocking state. The shutter panel
20 in the example of the driving method illustrated in FIGS.
3Aand 3Bis different from thatin FIGS. 2A and 2B in that the
regions LD, LL, LT, RB, RJ, RR, and RZ are in a light-
blocking state and the regions LH, LP, LX, RF, RN, and RV
arein a light-transmitting state. In short, in the example of the
driving method illustrated in FIGS. 3A and 3B, the regions in
a light-blocking state are moved to the left side by one region
in comparison with the case of FIG. 2A. This structure pre-
vents the right eye 42 from perceiving the pixels for display
for the left eye and prevents the left eye 41 from the pixels for
display for the right eye.

[0045] Specifically, the regions LD to LG are in a light-
blocking state, so that the left eye 41 and the right eye 42 are
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prevented from perceiving the pixel R1 and the pixel L1,
respectively. The regions LL to LO are in a light-blocking
state, so that the left eye 41 and the right eye 42 are prevented
from perceiving the pixel R2 and the pixel L2, respectively.
The regions LT to LW are in a light-blocking state, so that the
lett eye 41 and the right eye 42 are prevented from perceiving
the pixel R3 and the pixel L3, respectively. The regions RB to
RE are in a light-blocking state, so that the left eye 41 and the
right eye 42 are prevented from perceiving the pixel R4 and
the pixel L4, respectively. The regions RJ to RM are in a
light-blocking state, so that the left eye 41 and the right eye 42
are prevented from perceiving the pixel RS and the pixel L5,
respectively. The regions RR to RU are in a light-blocking
state, so that the left eye 41 and the right eye 42 are prevented
from perceiving the pixel R6 and the pixel L6, respectively.

[0046] <Example of Method for Driving Display Device 3
(Locations of Eyes Moved to Right from Reference Point)>
[0047] FIGS. 4A and 4B are schematic views illustrating an
example of a method for driving the display device illustrated
in FIGS. 1A to 1C. Note that the example of the driving
method illustrated in FIGS. 4A and 4B is different from the
examples of the driving method illustrated in FIGS. 2A and
2B and FIGS. 3A and 3B in the locations of eyes (a left eye
and a right eye illustrated in FIG. 4A with a dotted line shows
the locations of the eyes in FIG. 2A). Specifically, FIGS. 4A
and 4B illustrate an example of a driving method in the case
where the display device recognizes, on the basis of posi-
tional data detected by the positional data detecting means 30,
that the viewer has moved from the reference point to the right
side. Note that the difference in the locations of the eyes
between the example of the driving method illustrated in
FIGS. 4A and 4B and the example of the driving method
illustrated in FIGS. 2A and 2B is larger than the difference in
the locations of the eyes between the example of the driving
method illustrated in FIGS. 3A and 3B and the example of the
driving method illustrated in FIGS. 2A and 2B.

[0048] The reference symbols (L1 to L6 and the like) and
the like in FIGS. 4A and 4B each indicate the same compo-
nents as the reference symbols and the like in FIGS. 2A and
2B.

[0049] In the example of the driving method illustrated in
FIGS. 4A and 4B, the display panel 10 performs the same
display as the display panel 10 illustrated in FIG. 2A. Further,
in the example of the driving method illustrated in FIGS. 4A
and 4B, the regions LC to LF, LK to LN, LS to LV, RA to RD,
RIto RL, RQto RT, RY, and RZ in the shutter panel 20 are in
a light-transmitting state and the regions LA, LB, LG to LI,
LOto LR, LW to LZ, RE to RH, RM to RP, and RU to RX in
the shutter panel 20 are in a light-blocking state. The shutter
panel 20 in the example of the driving method illustrated in
FIGS. 4A and 4B is different from that in FIGS. 2A and 2B in
that theregions LA, LB, LI, LJ,LQ,LR,LY,LZ,RG,RH, RO,
RP, RW, and RX are in a light-blocking state and the regions
LE,LF, LM, LN, LU, LV, RC, RD, RK, RL, RS, and RT are
in a light-transmitting state. In short, the example of the
driving method illustrated in FIGS. 4A and 4B, the regions in
a light-blocking state are moved to the right side by two
regions in comparison with the case of FIGS. 2A and 2B. This
structure prevents the right eye 42 from perceiving the pixels
fordisplay for the left eye and prevents the left eye 41 from the
pixels for display for the right eye.

[0050] Specifically, the regions LG to LJ are in a light-
blocking state, so that the left eye 41 and the right eye 42 are
prevented from perceiving the pixel R1 and the pixel L1,
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respectively. The regions LO to LR are in a light-blocking
state, so that the left eye 41 and the right eye 42 are prevented
from perceiving the pixel R2 and the pixel L2, respectively.
The regions LW to LZ are in a light-blocking state, so that the
left eye 41 and the right eye 42 are prevented from perceiving
the pixel R3 and the pixel L3, respectively. The regions RE to
RH are in a light-blocking state, so that the left eye 41 and the
right eye 42 are prevented from perceiving the pixel R4 and
the pixel L4, respectively. The regions RM to RP are in a
light-blocking state, so that the left eye 41 and the right eye 42
are prevented from perceiving the pixel RS and the pixel LS,
respectively. The regions RU to RX are in a light-blocking
state, so that the left eye 41 and the right eye 42 are prevented
from perceiving the pixel R6 and the pixel L6, respectively.
[0051] <Example of Method for Driving Display Device 4
(Locations of Eyes Moved Closer to Display Panel from
Reference Point)>

[0052] FIGS. 5A and 5B are schematic views illustrating an
example of a method for driving the display device illustrated
in FIGS. 1A to 1C. Note that the example of the driving
method illustrated in FIGS. 5A and 5B is different from the
examples of the driving method illustrated in FIGS. 2A and
2B, FIGS. 3A and 3B, and FIGS. 4A and 4B in the locations
of'eyes (a left eye and a right eye illustrated in FIG. 5A with
a dotted line shows the locations of the eyes in FIG. 2A).
Specifically, FIGS. 5A and 5B illustrate an example of a
driving method in the case where the display device recog-
nizes on the basis of positional data detected by the positional
data detecting means 30 that the viewer is closer to the display
panel than the reference point.

[0053] The reference symbols (L1 to L6 and the like) and
the like in FIGS. 5A and 5B each indicate the same compo-
nents as the reference symbols and the like in FIGS. 2A and
2B.

[0054] In the example of the driving method illustrated in
FIGS. 5A and 5B, the display panel 10 performs the same
display as the display panel 10 illustrated in FIG. 2A. Further,
in the example of the driving method illustrated in FIGS. 5A
and 5B, the regions in a light-blocking state in the shutter
panel 20 illustrated in FIGS. 2A and 2B are the regions in a
light-blocking state. In addition, in the example of the driving
method illustrated in FIGS. 5A and 5B, the regions LI, LQ,
LY, RB, RJ, and RR in the shutter panel 20 become a light-
blocking state. In short, in the example of the driving method
illustrated in FIGS. 5A and 5B, seen from the viewer, the
light-blocking region on the left side of the shutter panel 20 is
extended by one region to the right side, and additionally,
seen from the viewer, the light-blocking region on the right
side of the shutter panel 20 is extended by one region to the
left side, in comparison with the case of FIG. 2A. This struc-
ture prevents the right eye 42 from perceiving the pixels for
display for the left eye and prevents the left eye 41 from the
pixels for display for the right eye.

[0055] Specifically, the regions LE to LI are in a light-
blocking state, so that the left eye 41 and the right eye 42 are
prevented from perceiving the pixel R1 and the pixel L1,
respectively. The regions LM to LQ are in a light-blocking
state, so that the left eye 41 and the right eye 42 are prevented
from perceiving the pixel R2 and the pixel L2, respectively.
The regions LU to LY are in a light-blocking state, so that the
left eye 41 and the right eye 42 are prevented from perceiving
the pixel R3 and the pixel L3, respectively. The regions RB to
RF are in a light-blocking state, so that the left eye 41 and the
right eye 42 are prevented from perceiving the pixel R4 and
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the pixel L4, respectively. The regions RJ to RN are in a
light-blocking state, so that the left eye 41 and the right eye 42
are prevented from perceiving the pixel RS and the pixel L5,
respectively. The regions RR to RV are in a light-blocking
state, so that the left eye 41 and the right eye 42 are prevented
from perceiving the pixel R6 and the pixel L6, respectively.
[0056] <Example of Method for Driving Display Device 5
(Locations of Eyes Moved Further from Reference Point)>
[0057] FIGS. 6A and 6B are schematic views illustrating an
example of a method for driving the display device illustrated
in FIGS. 1A to 1C. Note that the example of the driving
method illustrated in FIGS. 6A and 6B is different from the
examples of the driving method illustrated in FIGS. 2A and
2B, FIGS. 3A and 3B, FIGS. 4A and 4B, and FIGS. 5A and
5B inthe locations of eyes (a left eye and aright eye illustrated
in FIG. 6A with a dotted line shows the locations of the eyes
in FIG. 2A). Specifically, FIGS. 6A and 6B illustrate an
example of a driving method in the case where the display
device recognizes on the basis of positional data detected by
the positional data detecting means 30 that the viewer is
further from the display panel than the reference point.
[0058] The reference symbols (L1 to L6 and the like) and
the like in FIGS. 6A and 6B each indicate the same compo-
nents as the reference symbols and the like in FIGS. 2A and
2B.

[0059] In the example of the driving method illustrated in
FIGS. 6A and 6B, the display panel 10 performs the same
display as the display panel 10 illustrated in FIG. 2A. Further,
in the example of the driving method illustrated in FIGS. 6 A
and 6B, the regions in a light-blocking state in the shutter
panel 20 illustrated in FIGS. 2A and 2B are the regions in a
light-blocking state. In addition, in the example of the driving
method illustrated in FIGS. 6A and 6B, the regions LD, LL,
LT, RG, RO, and RW in the shutter panel 20 become a light-
blocking state. In short, in the example of the driving method
illustrated in FIGS. 6A and 6B, seen from the viewer, the
light-blocking region on the left side of the shutter panel 20 is
extended by one region to the left side, and additionally, seen
from the viewer, the light-blocking region on the right side of
the shutter panel 20 is extended by one region to the right side,
in comparison with the case of FIG. 2A. This structure pre-
vents the right eye 42 from perceiving the pixels for display
for the left eye and prevents the left eye 41 from the pixels for
display for the right eye.

[0060] Specifically, the regions LD to LH are in a light-
blocking state, so that the left eye 41 and the right eye 42 are
prevented from perceiving the pixel R1 and the pixel L1,
respectively. The regions LL to LP are in a light-blocking
state, so that the left eye 41 and the right eye 42 are prevented
from perceiving the pixel R2 and the pixel L2, respectively.
The regions LT to LX are in a light-blocking state, so that the
left eye 41 and the right eye 42 are prevented from perceiving
the pixel R3 and the pixel L3, respectively. The regions RC to
RG are in a light-blocking state, so that the left eye 41 and the
right eye 42 are prevented from perceiving the pixel R4 and
the pixel L4, respectively. The regions RK to RO are in a
light-blocking state, so that the left eye 41 and the right eye 42
are prevented from perceiving the pixel RS and the pixel L5,
respectively. The regions RS to RW are in a light-blocking
state, so that the left eye 41 and the right eye 42 are prevented
from perceiving the pixel R6 and the pixel L6, respectively.
[0061] <Display Device Disclosed in This Specification>
[0062] The display device disclosed in this specification
includes a means for detecting positional data of the viewer.
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Further, a parallax barrier can be formed on the basis of the
positional data (see FIGS. 2A and 2B, FIGS. 3A and 3B,
FIGS. 4A and 4B, FIGS. 5A and 5B, and FIGS. 6A and 6B).
Accordingly, crosstalk perceived by the viewer can be pre-
vented.

[0063] <Specific Example of Display Panel>

[0064] In the above display device, a striped parallax bar-
rier is formed to be parallel or substantially parallel with the
columns of the plurality of pixels 100 arranged in matrix.
Accordingly, in the above display device, depending on the
locations of the eyes of the viewer, it is possible that the right
eye (left eye) of the viewer cannot perceive part of the right
region or the left region of the pixel 100 performing display
for the right eye (left eye). Therefore, the above display device
is preferably designed so that the viewer perceives display of
a predetermined color even when part of the pixel 100 is not
perceived.

[0065] FIGS.7A and 7B illustrate a specific example of the
pixel 100 in which the viewer perceives display of a prede-
termined color even when the right eye (left eye) of the viewer
does not perceive part of the right region or the left region of
the pixel 100.

[0066] Specifically, the pixel 100 illustrated in FIG. 7A
includes a subpixel displaying red (denoted by “R” in the
drawings), a subpixel displaying green (denoted by “G” in the
drawings), and a subpixel displaying blue (in the drawings,
denoted by “B” in the drawings). The subpixels are arranged
in a column direction. Further, in the pixel 100 illustrated in
FIG.7A, the colors displayed by these subpixels are adjusted,
whereby a predetermined color can be displayed. Note that
the subpixel displaying red can be formed in such a manner
that a color filter which absorbs the wavelength of the visible
light region except for the wavelength of red light is provided
for the subpixel or that an element emitting red light is pro-
vided for the subpixel, for example. The subpixel displaying
green and the subpixel displaying blue can be formed in a
similar manner. In the pixel 100 illustrated in FIG. 7A, the
viewer can perceive display of the subpixels even when part
of the right region or the left region of the pixel 100 is not
perceived. Accordingly, the viewer can perceive display of
color in the pixel 100.

[0067] In an operation of the pixel 100 illustrated in FIG.
7B, there are a period T1 for displaying red, a period T2 for
displaying green, and a period T3 for displaying blue. The
pixel 100 illustrated in FIG. 7B can display a predetermined
color by sequentially displaying colors in these periods (what
is called a field sequential method). Note that the periods T1
to T3 illustrated in FIG. 7B are included in one frame period.
Inthe pixel 100 illustrated in FIG. 7A, the viewer can perceive
display of the pixel 100 in the periods (T1 to T3) even when
partofthe right region or part of the left region of the pixel 100
is not perceived. Accordingly, the viewer can perceive display
of color in the pixel 100.

[0068]

[0069] FIG. 8 illustrates a specific example of the shutter
panel 20 included in the above display device. The shutter
panel 20 illustrated in FIG. 8 includes the plurality of light-
transmitting electrodes 200, a driver circuit 210 which out-
puts a signal to each of the plurality of light-transmitting
electrodes 200, and a flexible printed wiring board 220 from
which an external signal is input to the driver circuit 210. Note
that the driver circuit 210 includes many semiconductor ele-
ments (transistors and the like). The semiconductor elements

<Specific Example of Shutter Panel>
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and the plurality of light-transmitting electrodes 200 can be
formed over one substrate by a photolithography method or
the like.

[0070] FIG. 9A illustrates a specific example of a shutter
panel 20 which is different from the shutter panel 20 illus-
trated in FIG. 8. Specifically, the shutter panel 20 illustrated in
FIG. 9A is different from the shutter panel 20 illustrated in
FIG. 8 in that a plurality of transistors 230 for controlling
electrical connection between the driver circuit 210 and the
plurality of light-transmitting electrodes 200 are provided.
Note that the switching of the transistor 230 is controlled by
the driver circuit 210. Further, the transistor 230 can be
formed together with the semiconductor elements, which are
included in the driver circuit 210, and the plurality of light-
transmitting electrodes 200, over one substrate by a photoli-
thography method or the like.

[0071] As the transistor 230 illustrated in FIG. 9A, it is
possible to use, for example, a thin film transistor whose
channel is formed in a semiconductor layer containing an
element that belongs to Group 14 of the periodic table (such
as silicon or germanium) as its main component or a semi-
conductor layer containing an oxide that exhibits semicon-
ductor properties (such an oxide is also referred to as an oxide
semiconductor, and such a semiconductor layer is also
referred to as an oxide semiconductor layer).

[0072] Note that an oxide semiconductor has a wide band
gap and low intrinsic carrier density. Therefore, the off-state
current of a thin film transistor whose channel is formed in an
oxide semiconductor layer can be extremely low.

[0073] Here, the shutter panel 20 needs to be regularly or
irregularly driven when a parallax barrier is formed or when
the pattern of a parallax barrier is changed. In other words, a
period during which the shutter panel 20 needs to operate is
much shorter than a period during which the pattern of a
parallax barrier formed in the shutter panel 20 is maintained.
For that reason, in the period during which the pattern of the
parallax barrier formed in the shutter panel 20 is maintained,
it is preferable to stop supply of the power supply voltage to
the driver circuit that outputs signals to the plurality of elec-
trodes included in the shutter panel 20 because power con-
sumption can be reduced. Note that when supply of the power
supply voltage to the driver circuit is stopped, the potentials of
the plurality of light-transmitting electrodes might vary and
the probability that the pattern of the parallax barrier is not
maintained is increased.

[0074] In contrast, with the structure in which a transistor
whose channel is formed in an oxide semiconductor layer is
used as the transistor 230 in the shutter panel 20 illustrated in
FIG. 9A, variations in the potentials of the plurality of elec-
trodes can be reduced even when supply of the power supply
voltage to the driver circuit is stopped. Specifically, the dis-
play device with this structure can perform operations shown
in FIG. 9B. As illustrated in FIG. 9B, in the display device
with this structure, the power supply voltage can be supplied
to the driver circuit only in a period including before and after
aperiod when a parallax barrier is formed or when the pattern
of a parallax barrier is changed, and supply of the power
supply voltage to the driver circuit can be stopped in the other
periods. In the case where a period during which the pattern of
a parallax barrier is maintained is long, the power supply
voltage can be supplied to the driver circuit regularly or
specially and signals for forming a parallax barrier of the
same pattern can be output to the plurality of electrodes.
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[0075]
Means>
[0076] FIG. 10 illustrates a specific example of the posi-
tional data detecting means 30 included in the display device.
The positional data detecting means 30 illustrated in FIG. 10
includes an ultrasonic wave transmitter 301 and ultrasonic
wave receivers 302 and 302R. The ultrasonic wave trans-
mitter 301 is provided above the top center of the display
panel 10. The ultrasonic wave receivers 3021 and 302R are
provided above the top ends of the display panel 10. The
positional data detecting means 30 illustrated in FIG. 10 can
transmit an ultrasonic wave from the ultrasonic wave trans-
mitter 301. In addition, the ultrasonic wave receivers 302L
and 302R can receive the ultrasonic wave reflected by the
viewer. The above display device can detect the positional
data of the viewer with the use of the received ultrasonic
wave.

[0077] FIG. 11 shows detection of positional data of the
viewer by the positional data detecting means 30 illustrated in
FIG. 10, in detail. In FIG. 11, A, B, and C are positions of the
viewer. Specifically, A is the case where the viewer is at the
reference point, B is the case where the viewer is on the right
side of A and the distance between the viewer and the display
device is similar in comparison with A, and C is the case
where the viewer is at the point further than A.

[0078] Here, in the case where the viewer is at A or C, the
amplitude of the ultrasonic wave (denoted by “reflected wave:
R” in the drawing) received by the ultrasonic wave receiver
provided on the right side of the display device (denoted by
“reception:R” in the drawing) becomes equivalent to the
amplitude of the ultrasonic wave (denoted by “reflected wave:
L” in the drawing) received by the ultrasonic wave receiver
provided on the left side of the display device (denoted by
“reception:L.” in the drawing). Accordingly, the display
device can recognize with the use of the detected ultrasonic
wave that the viewer is on a straight line where the reference
point and the center of the display device are.

[0079] Further, in the case where the viewer is at B, the
amplitude of the ultrasonic wave received by the ultrasonic
wave receiver provided on the right side of the display device
is larger than the amplitude of the ultrasonic wave received by
the ultrasonic wave receiver provided on the left side of the
display device. Accordingly, the display device can recognize
with the use of the detected ultrasonic wave that the viewer is
in front of the right side of the display device.

[0080] Further, the case where the viewer is at A and the
case where the viewer is at C are different in amplitude of
ultrasonic waves received by the ultrasonic wave receivers
provided on the right side and the left side. Therefore, the
distance between the viewer and the display device can be
recognized with the use of the detected ultrasonic wave.
[0081] As described above, the positional data detecting
means 30 illustrated in FIG. 10 and FIG. 11 can recognize the
angle formed by the display device and the locations of the
eyes of the viewer and the distance between the display device
and the viewer. That is, positional data of the viewer can be
detected. Further, in the above display device, a parallax
barrier of the shutter panel 20 can be formed on the basis of
the positional data.

<Specific Example of Positional Data Detecting

EXAMPLE

[0082] Asadisplay device according to one embodiment of
the present invention, a mobile phone, a portable game
machine, a portable information terminal, an electronic book
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reader, a video camera, a digital still camera, and the like can
be given. Hereinafter, specific examples of such electronic
devices will be described with reference to FIGS. 12A and
12B.

[0083] FIG.12A illustrates a portable game console includ-
ing a housing 5001, a housing 5002, a display portion 5003, a
display portion 5004, a microphone 5005, speakers 5006,
operation keys 5007, a stylus 5008, and the like. The display
device according to one embodiment of the present invention
can be used for the display portion 5003 or the display portion
5004. By using the display device according to one embodi-
ment of the present invention for the display portion 5003 or
the display portion 5004, it is possible to provide a highly
convenient portable game console capable of displaying 3D
images. Although the portable game console in FIG. 12A has
the two display portions 5003 and 5004, the number of dis-
play portions included in a portable game console is not
limited thereto.

[0084] FIG. 12B illustrates a personal digital assistant
including a housing 5401, a display portion 5402, operation
keys 5403, and the like. The display device according to one
embodiment of the present invention can be used for the
display portion 5402. By using the display device according
to one embodiment of the present invention for the display
portion 5402, it is possible to provide a highly convenient
personal digital assistant capable of displaying 3D images.
[0085] This application is based on Japanese Patent Appli-
cation serial no. 2011-157990 filed with Japan Patent Office
on Jul. 19, 2011, the entire contents of which are hereby
incorporated by reference.

What is claimed is:

1. A display device comprising:

a display panel including a plurality of pixels;

a shutter panel including a driver circuit, a liquid crystal,
and light-transmitting electrodes provided in a striped
manner;

a positional data detector configured to detect a positional
data of a viewer,

wherein the shutter panel is provided over a display surface
side of the display panel,

wherein a width of one of the light-transmitting electrodes
is smaller than that of one of the plurality of pixels,

wherein the driver circuit is configured to selectively out-
put signals for forming a parallax barrier to the light-
transmitting electrodes, and

wherein the parallax barrier is capable of changing its
shape in accordance with the detected positional data.

2. The display device according to claim 1,

wherein the plurality of pixels includes first pixels in a first
column and second pixels in a second column,

wherein the first pixels is configured to perform a first
display for a left eye of the viewer, and

wherein the second pixels is configured to perform a sec-
ond display for a right eye of the viewer.

3. The display device according to claim 1, wherein the
positional data detector utilizes an ultrasonic wave as a
detecting medium.

4. The display device according to claim 1,

wherein the shutter panel further comprises transistors
each including an oxide semiconductor layer served as a
channel, and

wherein one of the transistors is located between the driver
circuit and one of the light-transmitting electrodes.
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5. The display device according to claim 1,

wherein the shutter panel further comprises an electrode,
and

wherein the liquid crystal is interposed between the light-
transmitting electrodes and the electrode.

6. A display device comprising:

a display panel including a plurality of pixels arranged in
matrix, the plurality of pixels including first pixels and
second pixels;

a shutter panel including a liquid crystal and light-trans-
mitting electrodes provided in a striped manner; and

a positional data detector configured to detect a positional
data of a viewer,

wherein the shutter panel is provided over a display surface
side of the display panel,

wherein the light-transmitting electrodes are provided to
be parallel or substantially parallel with a column of the
plurality of pixels arranged in matrix,

wherein a width of one of the light-transmitting electrodes
is smaller than that of one of the plurality of pixels,

wherein the shutter panel is configured to form a parallax
barrier; and
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wherein a shape of the parallax barrier is determined on the
basis of the detected positional data when the first pixels
in a first column perform a first display for a left eye of
the viewer and the second pixels in a second column
perform a second display for a right eye of the viewer.

7. The display device according to claim 6, wherein the

positional data detector utilizes an ultrasonic wave as a
detecting medium.

8. The display device according to claim 6,

wherein the shutter panel further comprises a driver circuit
configured to selectively output signals for forming the
parallax barrier to the light-transmitting electrodes

9. The display device according to claim 8,

wherein the shutter panel further comprises transistors
each including an oxide semiconductor layer served as a
channel, and

wherein one of the transistors is located between the driver
circuit and one of the light-transmitting electrodes.

10. The display device according to claim 6,

wherein the shutter panel further comprises an electrode,
and

wherein the liquid crystal is interposed between the light-
transmitting electrodes and the electrode.

* * % Ed *



[ i (S RIR) A ()

RE(TFR)AGE)

HERB(ERR)AGE)

FRI& B A

KRN

IPCH %S
CPCH(S
£ AR

H AT SRR
ShEREESE

BEG®)

EREE
US20130021239A1 NI (»&E)B
US13/545768 RiEH
/NMUJUN

MIYAKE HIROYUKI
SHISHIDO#: BA

# ESEIKO

£ 5KOUHEI
KOJI

HARADA HIKARU
SEMAKOTO

MU, JUN

=EEz

SHISHIDO , #Hd

# £, SEIKO

*5 , KOUHEI

# , KOJI

REAIIL

KANEYASU , MAKOTO

¥ S RERTAIE R A,

KOYAMA JUN
MIYAKE HIROYUKI
SHISHIDO HIDEAKI
INOUE SEIKO
TOYOTAKA KOUHEI
KUSUNOKI KOJI
HARADA HIKARU
KANEYASU MAKOTO

KOYAMA, JUN
MIYAKE, HIROYUKI
SHISHIDO, HIDEAKI
INOUE, SEIKO
TOYOTAKA, KOUHEI
KUSUNOKI, KOJI
HARADA, HIKARU
KANEYASU, MAKOTO

G09G3/36 GO6F3/038 GO6F3/01

2013-01-24

2012-07-10

patsnap

G09G3/36 H04N13/315 HO4N13/324 H04N13/356 HO4N13/373 H04N13/376 G02B30/00 GO2F1/13

2011157990 2011-07-19 JP

US9451246

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/aafd89d4-db19-4455-82a3-1eb244cb3d53
https://worldwide.espacenet.com/patent/search/family/047555427/publication/US2013021239A1?q=US2013021239A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220130021239%22.PGNR.&OS=DN/20130021239&RS=DN/20130021239

—HEFEE , BF  LRER, SRS MEERIER, 28 po
BB R AR AR AL R R BB B ERRERNE  REREHD lI O[ri[2]re[ 3 ]RE]4A]RA]I5]R5 [ 6] R6 II
WILE & BAE, KBRS EELRERODRREN L 6] \ \‘; \‘;\ ?\ .\ ;"-\ :‘A‘\ /.n,‘ /4‘ T /}'/‘f'
EARGPH—NEXEROEENFSMEERO—MOEE | FART oy et 4,(, g
AR R 9 3R 3 o R AR T O i S s 115 S AT B AR 0 f/\ ™ '\ N ’\/ T
ERE. NEREESREQNENGELERE TR, \ % ‘\/\)’ }/ 477
qk)\\ )/,' j I' /
*’} X *’)f VI T/
"‘N}b {4 iy /

!

i/




