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crystal element adjacent to each other. In a first display state,
a first light-shielding region and a first light-transmitting
region are formed in the shutter panel by the first liquid crystal
element, and light from the display panel is emitted through
the first light-transmitting region. In a second display state, a
second light-shielding region larger than the first light-shield-
ing region and a second light-transmitting region smaller than
the first light-transmitting region are formed in the shutter
panel by the first liquid crystal element and the second liquid
crystal element, and light from the display panel is emitted
through the second light-transmitting region.
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DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to display devices and
particularly relates to a display device capable of displaying
three-dimensional (3D) images.

BACKGROUND ART

[0002] Display devices are widely used, ranging from large
display devices such as television devices to small display
devices such as mobile phones. High value-added products
will be needed and are being developed. In recent years,
display devices that can display 3D images have been devel-
oped in order to display more realistic images.

[0003] As methods for displaying 3D images, there are a
method using glasses for separating an image seen with a left
eye and an image seen with a right eye (also referred to as
stereoscopy), and autostereoscopy by which 3D images can
be seen by the naked eye by addition of a structure for sepa-
rating an image seen with a left eye and an image seen with a
right eye in a display portion. It is not necessary to prepare
glasses to see autostereoscopic 3D images, which offers a
high convenience. Autostereoscopic 3D display is coming
into widespread use such as mobile phones and mobile game
consoles.

[0004] As a method for displaying autostereoscopic 3D
images, there is known a parallax barrier method in which a
parallax barrier is added to a display portion. A parallax
barrier for this method is a stripe-shaped light-shielding por-
tion and causes a decrease in resolution when display is
switched from 3D display to 2D display. In view of this, for a
parallax barrier method, there is suggested a structure in
which a liquid crystal panel having a patterned transparent
electrode is used, and when display is switched between 2D
display and 3D display, transmission or shielding of light by
a liquid crystal layer is controlled by controlling voltage
applied to the transparent electrode in order to set the pres-
ence or absence of a parallax barrier (see Patent Document 1).

REFERENCE

[0005] Patent Document 1: Japanese Published Patent
Application No. 2005-258013

DISCLOSURE OF INVENTION

[0006] However, in order to display 3D images by a paral-
lax barrier method, a specific distance is needed between a
display screen and the eye of a viewer.

[0007] In view of the above, an object of one embodiment
of the present invention is to increase the range of distance
(between a display screen and the eye of a viewer) with which
the viewer can see 3D images by the naked eye.

[0008] According to one embodiment of the present inven-
tion, a display device includes a display panel and a shutter
panel that is provided on a viewer side of the display panel and
includes a first liquid crystal element and a second liquid
crystal element adjacent to the first liquid crystal element. In
a first display state, a first light-shielding region and a first
light-transmitting region are formed in the shutter panel by
the first liquid crystal element, and light from the display
panel is emitted through the first light-transmitting region. In
a second display state, a second light-shielding region larger
than the first light-shielding region and a second light-trans-
mitting region smaller than the first light-transmitting region
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are formed in the shutter panel by the first liquid crystal
element and the second liquid crystal element, and light from
the display panel is emitted through the second light-trans-
mitting region.

[0009] According to another embodiment of the present
invention, a display device includes a display panel; a shutter
panel that is provided on a viewer side of the display panel and
includes a first liquid crystal element and a second liquid
crystal element adjacent to the first liquid crystal element; and
a sensor configured to detect a distance and an angle between
the shutter panel and a viewer. In a first display state, a first
light-shielding region and a first light-transmitting region are
formed in the shutter panel by the first liquid crystal element,
and light from the display panel is emitted through the first
light-transmitting region. In a second display state, a second
light-shielding region larger than the first light-shielding
region and a second light-transmitting region smaller than the
first light-transmitting region are formed in the shutter panel
by the first liquid crystal element and the second liquid crystal
element, and light from the display panel is emitted through
the second light-transmitting region. One of the first display
state and the second display state is selected in accordance
with the distance and the angle detected by the sensor.
[0010] Intheabovedisplay device, the second liquid crystal
elements can be provided on both sides of the first liquid
crystal element. In addition, the display panel can include a
pixel unit including a first pixel and a second pixel adjacent to
each other, and the pitch of the first light-shielding region can
be larger than that of the pixel unit.

[0011] According to one embodiment of the present inven-
tion, the range of distance with which a viewer can see 3D
images by the naked eye can be increased. A highly conve-
nient display device can be provided as a result.

BRIEF DESCRIPTION OF DRAWINGS

[0012] In the accompanying drawings:

[0013] FIGS.1A and 1B are schematic diagrams each illus-
trating a display device;

[0014] FIGS. 2A to 2C illustrate the relation between a
light-shielding portion, a display panel, and a viewer;
[0015] FIG. 3A is a diagram illustrating an application
example of a display device, and FIG. 3B is a block diagram
of the display device;

[0016] FIGS.4A1,4A2,4B1,4B2, 4C1, and 4C2 illustrate
embodiments of shatter panels;

[0017] FIGS. 5A and 5B illustrate embodiments of shatter
panels;

[0018] FIGS. 6A and 6B illustrate one embodiment of a
display panel;

[0019] FIGS. 7A and 7B illustrate one embodiment of a
display panel,

[0020] FIGS. 8A and 8B illustrate one embodiment of a

shutter panel; and

[0021] FIGS.9A to 9C illustrate embodiments of electronic
devices.
BEST MODE FOR CARRYING OUT THE
INVENTION
[0022] Embodiments of the present invention will be here-

inafter described with reference to the accompanying draw-
ings. Note that the present invention can be carried out in
many different modes, and it is easily understood by those
skilled in the art that modes and details of the present inven-
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tion can be modified in various ways without departing from
the spirit and scope of the present invention. Therefore, the
present invention should not be construed as being limited to
the following description of the embodiments. Note that in
structures of the present invention described below, reference
numerals denoting the same portions are used in common in
different drawings.

[0023] Note that the size, the thickness of a layer, signal
waveform, and a region in structures illustrated in the draw-
ings and the like in the embodiments are exaggerated for
simplicity in some cases. Therefore, the scale is not necessar-
ily limited to that illustrated in the drawings and the like.
[0024] Note that in this specification and the like, the terms
“first”, “second”, “third”, and “N-th” (N is a natural number)
are used in order to avoid confusion between components and
thus do not limit the number of the components. The natural
number is 1 or more unless otherwise specified.

Embodiment 1

[0025] First, adisplay device according to one embodiment
of the present invention will be described with reference to
FIGS. 1A and 1B, FIGS. 2A to 2C, and FIGS. 3A and 3B.
[0026] FIGS.1A and 1B are schematic diagrams each illus-
trating a display device according to one embodiment of the
present invention. The display device illustrated in FIG. 1A
includes a display panel 10 in which a plurality of pixels 100
are arranged in matrix, and a shutter panel 20 in which first
liquid crystal elements 200A and second liquid crystal ele-
ments 200B are adjacent to each other and arranged in a stripe
pattern. The display device illustrated in FIG. 1B includes a
display panel 10 in which a plurality of pixels 100 are
arranged in matrix, and a shutter panel 20 in which first liquid
crystal elements 200A and second liquid crystal elements
200B are adjacent to each other and arranged in matrix. FIGS.
1A and 1B illustrate a left eye 31 and aright eye 32 of a viewer
in order to show a state of the viewer’s perception.

[0027] The shutter panel 20 is provided in the direction
where light is emitted from the display panel 10, that is, on the
side viewed by the viewer of the display device. The shutter
panel 20 can block display viewed by the viewer with the use
ofthe plurality of first liquid crystal elements 200 A and/or the
plurality of second liquid crystal elements 200B. Specifically,
the shutter panel 20 can have a first display state or a second
display state in accordance with a light-emitting state or a
light-shielding state of the first liquid crystal elements 200A
and/or the second liquid crystal elements 200B. Note that in
the shutter panel 20, display to be viewed by the viewer is not
blocked except in the regions of the plurality of first liquid
crystal elements 200A and/or the plurality of second liquid
crystal elements 200B. In the shutter panel 20, in the first
display state, a first light-shielding region is formed using the
first liquid crystal elements 200A, and a first light-transmit-
ting region is formed in portions except the first light-shield-
ing region. In the second display state, a second light-shield-
ing region is formed using the first liquid crystal elements
200A and the second liquid crystal elements 200B, and a
second light-transmitting region is formed in portions except
the second light-shielding region. Note that the number of
light-shielding regions formed using the first liquid crystal
elements 200A and/or the second liquid crystal elements
200B is one example and can be increased.

[0028] When a combination of the first liquid crystal ele-
ment 200A and the second liquid crystal elements 200B
described in this embodiment is regarded as an optical shutter
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region 200, the optical shutter region 200 can function as a
parallax barrier. The optical shutter regions 200 functioning
as a parallax barrier in one embodiment of the present inven-
tion are arranged in a stripe pattern or in matrix as illustrated
in FIG. 1A or FIG. 1B, and have a function of adjusting the
width of the optical shutters arranged in a stripe pattern or in
matrix. Specifically, for example, only the first liquid crystal
elements 200A function as a parallax barrier in the initial
state, and the first liquid crystal elements 200A and/or the
second liquid crystal elements 200B can function as a paral-
lax barrier in accordance with a state of the viewer’s percep-
tion. In other words, the shutter panel 20 including the optical
shutter regions 200 described in this embodiment can vary the
width of the parallax barrier in accordance with a state of the
viewer’s perception.

[0029] TItis preferable that the width of the first liquid crys-
tal element 200A and the second liquid crystal element 2008
(the length in the minor axis direction in a state where the
liquid crystal elements form a stripe) described in this
embodiment be set smaller than the pitch of the pixel 100
which is the repeating unit. In the optical shutter regions 200
designed in the above manner in this embodiment, transmis-
sion or shielding of light by the first liquid crystal element
200A and the second liquid crystal element 2008 is individu-
ally controlled, whereby the width of the optical shutter
regions 200 serving as a parallax barrier can be easily
adjusted. Note that the size of the light-shielding region
formed using the second liquid crystal elements 200B is
preferably larger than that of the light-shielding region
formed using the first liquid crystal elements 200A. With such
a structure, the area where the viewer can see 3D images can
be expanded.

[0030] Note that a pixel corresponds to a display unit
obtained by combining a plurality of sub-pixels that are ele-
ments whose brightness can be controlled. A plurality of
sub-pixels form a display unit where the brightness of color
elements of red (R), green (G), and blue (B), which are a
combination for displaying color images, can be controlled.
Note that the colors of the color elements for displaying color
images are not limited to three colors of RGB, and may be
more than three colors or may include a color other than RGB.
[0031] FIGS. 2A to 2C schematically illustrate the struc-
ture of the display device along dashed line A-B in FIGS. 1A
and 1B with varying distance between the left eye 31 and the
right eye 32 of the viewer and the display panel 10. Among
FIGS. 2A to 2C, with reference to the distance between the
left eye 31 and the right eye 32 of the viewer and the display
panel 10 in FIG. 2A, FIG. 2B shows the case where the left
eye 31 and the right eye 32 of the viewer are farther from the
display panel 10, and FIG. 2C shows the case where the left
eye 31 and the right eye 32 of the viewer are closer to the
display panel 10.

[0032] FIGS. 2A to 2C will be compared to each other.
When the viewer looks at the display device from the distance
in FIG. 2A, the optical shutter regions 200 are positioned so
that one of the left eye 31 and the right eye 32 perceives
display on a given pixel 100 directly (without through the
optical shutter region 200) and the other of the left eye 31 and
the right eye 32 perceives display on the given pixel 100
without through the optical shutter region 200.

[0033] When the viewer looks at the display device from
the distance in FIG. 2A, the left eye 31 directly perceives
display on pixels 1004 (see chain lines in FIG. 2A), whereas
the right eye 32 does not perceive the display on the pixels
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100a because the optical shutter regions 200 are placed ther-
ebetween (see solid lines in FIG. 2A). Moreover, the left eye
31 does not perceive display on pixels 1005 (see chain lines in
FIG. 2A), whereas the right eye 32 perceives the display on
the pixels 1005 because the optical shutter regions 200 are not
placed therebetween (see solid lines in FIG. 2A). Accord-
ingly, the generation of binocular parallax between the left
eye 31 and the right eye 32 can make the viewer perceive 3D
display.

[0034] When the viewer looks at the display device from
the distance in FIG. 2B, that is, when the viewer looks at the
display device from far away, the optical shutter regions 200
positioned as in FIG. 2A cannot make the left eye 31 and the
right eye 32 perceive display on the pixels 100a and display
on the pixels 1005 separately because the viewer sees a mix-
ture of the display on the pixels 1004 and the display on the
pixels 1004. In light of this, in the shutter panel 20 including
the optical shutter regions 200 described in this embodiment,
the width of the parallax barrier is variable in accordance with
a state of the viewer’s perception.

[0035] In the case of FIG. 2B, the light-shielding region
formed using the liquid crystal elements in the optical shutter
regions 200 is extended so that the width of the parallax
barrier by the optical shutter regions 200 is larger than that of
the parallax barrier in FIG. 2A. Accordingly, also in FIG. 2B,
the left eye 31 directly perceives display on the pixels 100a
(see chain lines in FIG. 2B), whereas the right eye 32 does not
perceive the display on the pixels 100a because the optical
shutter regions 200 are placed therebetween (see solid lines in
FIG. 2B). Moreover, the left eye 31 does not perceive display
on the pixels 1004 (see chain lines in FIG. 2B), whereas the
right eye 32 perceives the display on the pixels 1005 because
the optical shutter regions 200 are not placed therebetween
(see solid lines in FIG. 2B). Accordingly, when looking at the
display device from a distance, the viewer can perceive 3D
display by generation of binocular parallax between the left
eye 31 and the right eye 32.

[0036] When the viewer looks at the display device from
the distance in FIG. 2C, that is, when the viewer looks at the
display device at a close distance from the display device, the
optical shutter regions 200 positioned as in FIG. 2A cannot
make the left eye 31 and the right eye 32 perceive display on
the pixels 100a and display on the pixels 1005 separately
because the viewer sees a mixture of the display on the pixels
100q¢ and the display on the pixels 1005. In light of this, in the
shutter panel 20 including the optical shutter regions 200
described in this embodiment, the width of the parallax bar-
rier is variable in accordance with a state of the viewer’s
perception.

[0037] In the case of FIG. 2C, the light-shielding region
formed using the liquid crystal elements in the optical shutter
regions 200 is extended so that the width of the parallax
barrier by the optical shutter regions 200 is larger than that of
the parallax barrier in FIG. 2A. Accordingly, also in FIG. 2C,
the left eye 31 directly perceives display on the pixels 100a
(see chain lines in FIG. 2C), whereas the right eye 32 does not
perceive the display on the pixels 100a because the optical
shutter regions 200 are placed therebetween (see solid lines in
FIG. 2C). Moreover, the left eye 31 does not perceive display
on the pixels 1005 (see chain lines in FIG. 2C), whereas the
right eye 32 perceives the display on the pixels 1005 because
the optical shutter regions 200 are not placed therebetween
(see solid lines in FIG. 2C). Accordingly, when looking at the
display device at a closer distance from the display device, the
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viewer can perceive 3D display by generation of binocular
parallax between the left eye 31 and the right eye 32.

[0038] When 2D images are to be displayed, the optical
shutter regions 200 do not block display on the pixels 100a
and display on the pixels 1005 perceived by the left eye 31 or
the right eye 32, so that both eyes of the viewer can perceive
display on the pixels 100a and 1005. Consequently, switching
between 3D display and 2D display by the shutter panel 20
can be easily performed without decreasing the resolution.
[0039] Next, FIG.3A is a schematic diagram illustrating an
application example of the above-described display device in
this embodiment, used by the viewer.

[0040] FIG. 3A shows a display device 300 and a viewer
301. The display device 300 includes a distance sensor 303
and an angular sensor 304 in addition to a display portion 302
including the above-described display panel and shutter
panel. The distance sensor 303 and the angular sensor 304 are
provided as means for measuring the distance between the
display device 300 and the viewer 301, and shown as one
structure example for measuring the distance.

[0041] The distance sensor 303 and the angular sensor 304,
which are the measurement means, measure the distance
between the display device 300 and the viewer 301. The
distance between the display device 300 and the viewer 301 is
preferably measured with high accuracy, for example, by a
combination of distance detection by the distance sensor 303
such as an infrared sensor and angular detection by the angu-
lar sensor 304 such as a gyro sensor. In the display device 300,
the width of the parallax barrier formed using the first liquid
crystal element 200A and the second liquid crystal element
200B in the shutter panel 20 is variable in accordance with the
aforementioned distance. Specifically, the display state can
be selectively switched between the first display state and the
second display state in accordance with the distance between
the display device 300 and the viewer 301. Thus, the display
device in this embodiment can make the viewer perceive 3D
display by generating binocular parallax between the left eye
and the right eye even if the viewer 301 looks at the display
portion 302 without fixing the distance with the display
device 300.

[0042] FIG.3Bisablock diagram of the display device 300
including the distance sensor 303 and the angular sensor 304
described with reference to FIG. 3A. The display device 300
illustrated in the block diagram of FIG. 3B includes a display
panel 311, a shutter panel 312, an application processor 313,
a display panel control circuit 314, a shutter panel control
circuit 315, and a sensor control circuit 316 in addition to the
display portion 302, the distance sensor 303, and the angular
sensor 304 described in FIG. 3A.

[0043] The display panel 311 and the shutter panel 312
included in the display portion 302 are the display panel and
the shutter panel described using FIGS. 1A and 1B, which
means that 3D images can be displayed even when the dis-
tance between the display device and the viewer is changed.
[0044] The sensor control circuit 316 can measure the dis-
tance with the viewer by the distance sensor 303 and the
angular sensor 304. Data on the distance between the display
device and the viewer, obtained by the sensor control circuit
316, is output to the application processor 313.

[0045] The application processor 313 is supplied with
image data for 2D display or 3D display from the outside. The
application processor 313 controls the display panel control
circuit 314 in accordance with image data supplied from the
outside. The display panel control circuit 314 controls display
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of images on the display panel 311. Further, the application
processor 313 controls the shutter panel control circuit 315 in
accordance with data on the distance between the display
device and the viewer, supplied from the sensor control circuit
316. The shutter panel control circuit 315 controls the shutter
panel 312.

[0046] With the above-described structure in this embodi-
ment, the range of distance with which the viewer can see 3D
images by the naked eye can be increased; therefore, a highly
convenient display device can be provided.

[0047] This embodiment can be implemented in appropri-
ate combination with the structures described in the other
embodiments.

Embodiment 2

[0048] In this embodiment, specific examples of a shutter
panel in the display device according to one embodiment of
the present invention will be described with reference to
FIGS. 4A1, 4A2, 4B1, 4B2, 4C1, and 4C2 and FIGS. 5A and
5B. The shutter panel described in this embodiment is a
specific example of the shutter panel 20 in Embodiment 1.
[0049] The shutter panel is constituted by a plurality of
optical elements whose state is switched between a light-
shielding state and a light-transmitting state. As the optical
element, it is preferable to use a liquid crystal element in
which liquid crystal is placed between a pair of electrodes. By
application of voltage to the liquid crystal element, alignment
of the liquid crystal is controlled to selectively control the
state (a light-shielding state or a light-transmitting state) of
the liquid crystal element.

[0050] FIGS. 4A1 and 4A2 illustrate a shutter panel 500a.
FIG. 4A1 is a plan view of the shutter panel 500a. FIG. 4A2
is a cross-sectional view along Y1-Y2 in FIG. 4A1.

[0051] Inthe shutter panel 500a, liquid crystal 503 is sand-
wiched between electrodes 506 (506a, 5065, and 506¢) pro-
vided on a substrate 501 and an electrode 505 provided on a
substrate 502. The electrodes 506 are formed as the electrodes
506a, 5065, and 506¢ in a stripe pattern, and the electrodes
506a, 5065, and 506¢ are divided into electrodes 50641 and
506a2,50651 and 50652, and 506¢1 and 506¢2, respectively.
In this embodiment, the electrodes 50642 (50652 and 506¢2)
are placed onthe both sides of the electrode 50641 (50651 and
506¢1) so that the electrode 506al (50651 and 506c¢1) is
sandwiched therebetween. The electrode 506a1 (50651 and
506¢1) and the electrode 50642 (50652 and 506¢2) are elec-
trically independent of each other, and can be controlled by
supplying different potentials.

[0052] In FIGS. 4A1 and 4A2, the electrode 505 is a con-
tinuous flat conductive film. Alternatively, as illustrated in
FIGS. 4B1 and 4B2, it is possible that the electrode 505 is
formed as electrodes 505a, 5055, and 505¢ in a stripe pattern
like the electrodes 506a, 5065, and 506¢, and the electrodes
505a, 5055, and 505¢ are divided into electrodes 50541 and
505a2,505b1 and 50562, and 505¢1 and 505¢2, respectively.
In this embodiment, the electrodes 50542 (50552 and 505¢2)
areplaced on the both sides of the electrode 50541 (50561 and
505¢1) so that the electrode 50541 (50561 and 505c¢1) is
sandwiched therebetween. The electrode 50541 (50551 and
505¢1) and the electrode 50542 (50552 and 505¢2) are elec-
trically independent of each other, and can be controlled by
supplying different potentials. FIG. 4B1 is a plan view of a
shutter panel 5005. FIG. 4B2 is a cross-sectional view along
Y3-Y4in FIG. 4B1. The stripe-shaped electrodes 506a, 5065,
and 506¢ and the stripe-shaped electrodes 505a, 50554, and
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505¢ overlap with each other in a grid pattern with liquid
crystal placed therebetween, whereby liquid crystal elements
can be formed in a dot pattern; thus, the light-shielding region
and the light-transmitting region can be controlled more pre-
cisely.

[0053] Note that it is possible that the electrodes 505a,
5055, and 505¢ and the electrodes 506a, 5065, and 506¢ are
divided into three or more electrodes, and that the electrodes
have a different width.

[0054] FIGS. 4C1 and 4C2 illustrate the electrode 5065 as
an example of another shape applicable to the electrodes
506a, 5065, and 506¢ and the electrodes 505a, 5055, and
505¢. FIG. 4C1 is a plan view of the electrode 5065. FIG. 4C2
is a cross-sectional view along Y5-Y6 in FIG. 4C1.

[0055] As an example, as the electrode 5065 in FIGS. 4C1
and 4C2, a plurality of narrower electrodes 50652 of a second
liquid crystal element 50752 are provided on the both sides of
the electrode 50651 of a first liquid crystal element 50751. As
described above, it is possible that the second liquid crystal
element has a plurality of electrodes which are smaller in
width than the electrode of the first liquid crystal element.
[0056] The electrodes 506al, 50651, and 506¢1 and the
electrodes 50642, 50652, and 5062 each sandwich the liquid
crystal 503 with the electrode 505 and thus form first liquid
crystal elements 507a1, 50751, and 507¢1 and second liquid
crystal elements 50742, 50752, and 507¢2 adjacent to the first
liquid crystal elements 50741, 50751, and 507¢1. The first
liquid crystal elements 50741, 50751, and 507c1 and the
second liquid crystal elements 50742, 507562, and 507¢2 can
be controlled electrically independently of each other.
[0057] When 3D images are to be displayed, the light-
shielding region can be selectively determined by controlling
the first liquid crystal elements 507a1, 50751, and 507¢1 and
the second liquid crystal elements 50742, 50752, and 507¢2.
For example, when a viewer is relatively far from the shutter
panel 500q, only the first liquid crystal elements 507al,
507h1, and 5071 are driven to form a first light-shielding
region, and a first display state can be provided as 3D display
to the viewer. On the other hand, when the viewer is close to
the shutter panel 500a, both the first liquid crystal elements
50741, 5075b1, and 507¢1 and the second liquid crystal ele-
ments 50742, 50752, and 507¢2 are driven to form a second
light-shielding region larger than the first light-shielding
region, and a second display state can be provided as 3D
display to the viewer.

[0058] In addition, an element that functions as a switch
electrically connected to a liquid crystal element can be pro-
vided to control the liquid crystal element. FIGS. 5A and 5B
each illustrate an example in which a transistor is provided as
an element functioning as a switch to drive a liquid crystal
element.

[0059] A shutter panel in FIG. 5A includes a first liquid
crystal element having an electrode 51641 electrically con-
nected to a transistor 520a1, a second liquid crystal element
that is adjacent to the first liquid crystal element and has an
electrode 51642 electrically connected to a transistor 52042,
and a capacitor wiring 524. Although not illustrated, elec-
trodes paired with the electrodes 5164l and 51642 are pro-
vided over the electrodes 51641 and 51642 with liquid crystal
placed therebetween.

[0060] The transistors 520a1 and 52042 are electrically
connected to a wiring 5214, and electrically connected to a
wiring 52241 and a wiring 52242, respectively. The elec-
trodes 51642 which are included in the second liquid crystal
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elements and positioned so that the electrode 51641 is placed
therebetween are electrically connected to each other through
a wiring 523.

[0061] FIG. 5B shows an example in which a shutter panel
further includes a third liquid crystal element that is adjacent
to the second liquid crystal element and has an electrode
51643 electrically connected to a transistor 520a3. The elec-
trodes 51642 which are included in the second liquid crystal
elements and positioned so that the electrode 51641 is placed
therebetween are electrically connected to each other through
a wiring 525. The electrodes 51643 which are included in the
third liquid crystal elements and positioned so that the elec-
trode 51641 and the electrodes 51642 are placed therebe-
tween are electrically connected to each other through a wir-
ing 526.

[0062] FIG. 5B shows an example where the transistors
520a1, 52042, and 52043 are planar transistors with a top-
gate structure in which a semiconductor layer, a gate insulat-
ing layer, a gate electrode layer, an interlayer insulating layer,
and a source electrode layer are stacked in this order. The
wirings 523, 525, and 526 and the capacitor wiring 524 can be
formed in the same step as the wiring 521a.

[0063] FIGS. SA and SB show an example in which the
sizes (areas) of the electrodes 516al, 51642, and 51643 are
almost the same; however, there is no particular limitation on
the sizes, and the electrodes 516al, 51642, and 51643 may
have a different size. Further, a larger number of (three or
more) liquid crystal elements may be provided on the both
sides of the liquid crystal element having the electrode 516aq.
[0064] When 3D images are to be displayed, the light-
shielding region can be selectively determined by controlling
the first liquid crystal element, the second liquid crystal ele-
ment, and the third liquid crystal element. The light-shielding
regions with different areas can be formed in the same shutter
panel as follows, for example: a first light-shielding region
formed by driving only the first liquid crystal element, a
second light-shielding region formed by driving the first and
second liquid crystal elements, and a third light-shielding
region formed by driving the first, second, and third liquid
crystal elements. When liquid crystal elements that express
black at the time of voltage application are used as the first,
second, and third liquid crystal elements, a light-shielding
region can be extended in the shutter panel along with an
increase in the number of driven liquid crystal elements.
[0065] Although not shown in this embodiment, the shutter
panel is provided with an optical film such as a polarizing
plate, a retardation plate, or an anti-reflection film, or the like
as appropriate. For the shutter panel, a transmissive liquid
crystal element with a variety of structures and a variety of
liquid crystal modes can be employed.

[0066] For example, in the structure where liquid crystal is
sandwiched between a pair of electrodes as shown in FIGS.
4A1 10 4C2, it is possible to use a method of controlling gray
level by generating an electric field substantially vertical to
the substrate to move liquid crystal molecules in the plane
vertical to the substrate. Further, when the electrodes of the
liquid crystal element in FIGS. SA and 5B have a structure
used for the IPS mode or the FFS mode, it is possible to use a
method of controlling gray level by generating an electric
field substantially parallel (horizontal) to the substrate to
move liquid crystal molecules in the plane parallel to the
substrate.

[0067] There is no particular limitation on the structure of
the transistor used in the shutter panel; for example, a stag-
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gered transistor or a planar transistor having a top-gate struc-
ture or a bottom-gate structure can be used. The transistor
may have a single-gate structure in which one channel for-
mation region is formed, a double-gate structure in which two
channel formation regions are formed, or a triple-gate struc-
ture in which three channel formation regions are formed.
Alternatively, the transistor may have a dual-gate structure
including two gate electrode layers positioned over and below
a channel formation region with a gate insulating layer pro-
vided therebetween.

[0068] This embodiment can be implemented in appropri-
ate combination with the structures described in the other
embodiments.

Embodiment 3

[0069] In this embodiment, examples of the structure of a
display panel applicable to the display panel in Embodiment
1 will be described with reference to FIGS. 6A and 6B and
FIGS. 7A and 7B.

[0070] As a display element provided in the display panel,
a light-emitting element (also referred to as a light-emitting
display element) or a liquid crystal element (also referred to
as a liquid crystal display element) can be used. A light-
emitting element includes, in its category, an element whose
luminance is controlled by current or voltage, and specifically
includes an inorganic electroluminescent (EL) element, an
organic EL element, and the like.

[0071] FIGS. 6A and 6B illustrate an example of the struc-
ture of a display panel in which an organic EL element is used
as a display element. FIG. 6A is a plan view of the display
panel. FIG. 6B is a cross-sectional view along A-B and C-D in
FIG. 6 A. An element substrate 410 is fixed to a sealing sub-
strate 404 with a sealant 405, and includes driver circuit units
(a source driver circuit 401 and a gate driver circuit 403) and
a pixel portion 402 including a plurality of pixels.

[0072] A wiring 408 is a wiring for transmitting signals
input to the source driver circuit 401 and the gate driver circuit
403, and receives a video signal, a clock signal, a start signal,
areset signal, and the like from a flexible printed circuit (FPC)
409 serving as an external input terminal Although only the
FPC s illustrated here, a printed wiring board (PWB) may be
attached to the FPC. The display panel in this specification
includes not only a main body of the display panel but one
with an FPC or a PWB attached thereto.

[0073] The driver circuit units (the source driver circuit 401
and the gate driver circuit 403) and the pixel portion 402 are
formed over the element substrate 410. FIG. 6B illustrates the
source driver circuit 401, which is the driver circuit unit, and
three pixels in the pixel portion 402.

[0074] This embodiment explains an example in which the
pixel portion 402 includes pixels of three colors: a blue (B)
pixel 420a, a green (G) pixel 4205, and a red (R) pixel 420c.
Note that this embodiment is not limited to this example, and
a display panel can display multi-color images by including
pixels of at least two colors in the pixel portion 402, or
alternatively may be a display panel for single color display.
[0075] Pixels 420a, 4205, and 420c respectively include
color filter layers 434a, 4345, and 434c; light-emitting ele-
ments 418a, 4185, and 418¢; and transistors 412a, 412b, and
412c that are electrically connected to the light-emitting ele-
ments 418a, 4185, and 418¢ and function as switching tran-
sistors.

[0076] The color filter layer can be provided to correspond
to the color of each pixel so as to fill openings provided in a
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light-shielding layer 435. For example, the color filter layer
434a of the blue (B) pixel 420a is blue; the color filter layer
434b of the green (G) pixel 4205 is green; and the color filter
layer 434c of the red (R) pixel 420c is red.

[0077] The light-emitting elements 418a, 4185, and 418¢
include respective reflective electrodes 413a, 4135, and 413c,
an EL layer 431, and a light-transmitting electrode 433. The
reflective electrodes 413a, 4135, and 413¢ or the light-trans-
mitting electrode 433 is used as an anode and the rest of them
is used as a cathode.

[0078] The EL layer 431 has at least a light-emitting layer.
The EL layer 431 can have a stacked structure including a
hole-injection layer, a hole-transport layer, an electron-trans-
port layer, an electron-injection layer, and/or the like in addi-
tion to the light-emitting layer. In addition, a plurality of EL
layers may be stacked, and a charge generation layer may be
provided between one EL layer and another EL layer. When a
plurality of light-emitting layers are stacked between the
anode and the cathode, the light-emitting element can emit
white light, for example.

[0079] Light-transmitting conductive layers 415a, 4155,
and 415¢ may be provided between the respective reflective
electrodes 413a, 4135, and 413¢ and the EL layer 431. The
light-transmitting conductive layers 415a, 4155, and 415¢
have a function of adjusting the optical distance between the
reflective electrodes 413a, 4135, and 413¢ and the light-
transmitting electrode 433 in each pixel. By enhancing a
desired spectrum with a microcavity for each light-emitting
element, a display panel with high color purity can be pro-
vided.

[0080] FIG. 6B shows the top-emission display panel that
includes a combination of light-emitting elements emitting
white light and color filters; the display panel can be a top-
emission display panel including light-emitting elements
formed by a separate coloring method. A separate coloring
method is a method by which materials for RGB are applied
to respective pixels by evaporation or the like.

[0081] When the light-emitting layer is formed as a con-
tinuous film instead of being separately formed for every
pixel using a metal mask, a reduction in yield and complica-
tion of the process due to the use of the metal mask can be
avoided. Consequently, a high definition display panel with
high color reproducibility can be achieved.

[0082] As the source driver circuit 401, a CMOS circuit
including a combination of an n-channel transistor 423 and a
p-channel transistor 424 is formed. The driver circuit may be
constituted by a variety of circuits formed with transistors,
such as a CMOS circuit, a PMOS circuit, or an NMOS circuit.
This embodiment explains the example in which the source
driver circuit and the gate driver circuit are formed over the
substrate; however, the structure is not necessarily limited
thereto, and part or all of the source driver circuit and the gate
driver circuit can be formed outside the substrate instead of
over the substrate.

[0083] An insulator 414 is formed to cover end portions of
the reflective electrodes 413a, 4135, and 413¢ and the light-
transmitting conductive layers 415a, 4155, and 415¢. Here,
the insulator 414 is formed using a positive type photosensi-
tive acrylic resin film.

[0084] Inordertoimprovethe coverage, theinsulator 414 is
provided such that either an upper end portion or a lower end
portion of the insulator 414 has a curved surface with a
curvature. For example, when positive type photosensitive
acrylic is used as a material for the insulator 414, it is prefer-
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able that only the upper end portion of the insulator 414 have
acurved surface with a curvature radius (0.2 pm to 3 um). The
insulator 414 can be formed using either a negative type
which becomes insoluble in an etchant by light irradiation or
a positive type which becomes soluble in an etchant by light
irradiation.

[0085] The sealing substrate 404 is attached to the element
substrate 410 with the sealant 405; thus, the light-emitting
elements 418a, 4185, and 418¢ are provided in a space 407
enclosed by the element substrate 410, the sealing substrate
404, and the sealant 405. The space 407 is filled with a filler
such as an inert gas (e.g., nitrogen or argon), an organic resin,
or the sealant 405. As the organic resin and the sealant 405,
materials containing a hygroscopic substance may be used.
[0086] Note that as the sealant 405, an epoxy-based resin is
preferably used. It is preferable that such a material do not
transmit moisture or oxygen as much as possible. As the
sealing substrate 404, a glass substrate, a quartz substrate, or
a plastic substrate of fiberglass-reinforced plastics (FRP),
polyvinyl fluoride (PVF), polyester, acrylic, or the like can be
used.

[0087] As in this embodiment, an insulating film 411 serv-
ing as a base film may be provided between the element
substrate 410 and a semiconductor layer of the transistor. The
insulating film has a function of preventing diffusion of an
impurity element from the element substrate 410, and can be
formed with a single-layer structure or a stacked structure
using one or more of a silicon nitride film, a silicon oxide film,
a silicon nitride oxide film, and a silicon oxynitride film.
[0088] Inthis embodiment, there is no particular limitation
on the structure of the transistor applicable to the display
panel; for example, a staggered transistor or a planar transis-
tor having a top-gate structure or a bottom-gate structure can
be used. The transistor may have a single-gate structure in
which one channel formation region is formed, a double-gate
structure in which two channel formation regions are formed,
or a triple-gate structure in which three channel formation
regions are formed. Alternatively, the transistor may have a
dual-gate structure including two gate electrode layers posi-
tioned over and below a channel formation region with a gate
insulating layer provided therebetween.

[0089] The gate electrode layer can be formed with a
single-layer structure or a stacked structure using a metal
material such as molybdenum, titanium, chromium, tanta-
lum, tungsten, aluminum, copper, neodymium, or scandium
or an alloy material that contains any of these materials as its
main component.

[0090] For example, as a two-layer structure of the gate
electrode layer, the following structures are preferable: a two-
layer structure of an aluminum layer and a molybdenum layer
stacked thereover, a two-layer structure of a copper layer and
a molybdenum layer stacked thereover, a two-layer structure
of a copper layer and a titanium nitride layer or a tantalum
nitride layer stacked thereover, and a two-layer structure of a
titanium nitride layer and a molybdenum layer. As a three-
layer structure, it is preferable to employ a stacked structure in
which a tungsten layer or a tungsten nitride layer, an alloy
layer of aluminum and silicon or an alloy layer of aluminum
and titanium, and a titanium nitride layer or a titanium layer
are stacked.

[0091] The gate insulating layer can be formed with a
single-layer structure or a stacked structure of a silicon oxide
layer, a silicon nitride layer, a silicon oxynitride layer, and/or
asilicon nitride oxide layer by plasma CVD, sputtering, or the
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like. Alternatively, a silicon oxide layer formed by CVD using
an organosilane gas can be used as the gate insulating layer.
As an organosilane gas, a silicon-containing compound such
as tetraethoxysilane (TEOS) (chemical formula: Si(OC,Hy)
4), tetramethylsilane (TMS) (chemical formula: Si(CH,),),
tetramethylcyclotetrasiloxane  (TMCTS), octamethylcy-
clotetrasiloxane (OMCTS), hexamethyldisilazane (HMDS),
triethoxysilane (chemical formula: SiH(OC,Hs),), or tris-
dimethylaminosilane (chemical formula: SiH(N(CH,),);)
can be used.

[0092] A material of the semiconductor layer is not limited
to a particular material and determined in accordance with
characteristics needed for the transistors 412a, 41254, 412c¢,
423, and 424 as appropriate. Examples of a material that can
be used for the semiconductor layer will be described.
[0093] The semiconductor layer can be formed using the
following material: an amorphous semiconductor manufac-
tured by sputtering or vapor-phase growth using a semicon-
ductor material gas typified by silane or germane; a polycrys-
talline semiconductor formed by crystallizing the amorphous
semiconductor with the use of light energy or thermal energy;
a microcrystalline semiconductor; or the like. The semicon-
ductor layer can be deposited by sputtering, LPCVD, plasma
CVD, or the like.

[0094] For the semiconductor layer, a single crystal semi-
conductor (e.g., silicon or silicon carbide) can be used. When
a single crystal semiconductor is used for the semiconductor
layer, the size of the transistor can be reduced, leading to a
higher density of pixels in a display portion. When a single
crystal semiconductor is used for the semiconductor layer, an
SOI substrate including a single crystal semiconductor layer
can be used. Alternatively, a semiconductor substrate such as
a silicon wafer may be used.

[0095] A typical example of an amorphous semiconductor
is hydrogenated amorphous silicon, and a typical example of
a crystalline semiconductor is polysilicon. Examples of poly-
silicon (polycrystalline silicon) are high-temperature poly-
silicon that contains polysilicon formed at a process tempera-
ture of 800° C. or higher as its main component, low-
temperature polysilicon that contains polysilicon formed at a
process temperature of 600° C. or lower as its main compo-
nent, and polysilicon obtained by crystallizing amorphous
silicon using an element that promotes crystallization or the
like. Needless to say, a microcrystalline semiconductor or a
semiconductor that includes a crystalline phase in part of a
semiconductor layer can be used as described above.

[0096] Further, an oxide semiconductor may be used.
Examples of an oxide semiconductor are an In—Sn—Ga—
Zn—O-based oxide semiconductor which is an oxide of four
metal elements; an In—Ga—Zn—0O-based oxide semicon-
ductor, an In—Sn—Zn—O-based oxide semiconductor, an
In—Al—Z7n—O-based oxide semiconductor, a Sn—Ga—
Zn—O-based oxide semiconductor, an Al-—Ga—Zn—O-
based oxide semiconductor, and a Sn—Al—Zn—O-based
oxide semiconductor which are oxides of three metal ele-
ments; an In—Zn—O-based oxide semiconductor, a
Sn—Zn—O-based oxide semiconductor, an Al—Zn—O-
based oxide semiconductor, a Zn—Mg—O-based oxide
semiconductor, a Sn—Mg—O-based oxide semiconductor,
an In—Mg—O-based oxide semiconductor, and In—Ga—
O-based oxide semiconductor which are oxides of two metal
elements; and an In—O-based oxide semiconductor, a
Sn—O-based oxide semiconductor, and a Zn—O-based
oxide semiconductor which are oxides of one metal element.
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Moreover, SiO, may be contained in the above oxide semi-
conductor. Here, for example, the In—Ga—Zn—O-based
oxide semiconductor means an oxide containing at least In,
Ga, and Zn, and there is no particular limitation on the com-
position ratio of the elements. The In—Ga—Zn—O-based
oxide semiconductor may contain an element other than In,
Ga, and Zn.

[0097] For the oxide semiconductor layer, a thin film
expressed by a chemical formula of InMO;(Zn0O),,, (m>0) can
be used. Here, M represents one or more metal elements
selected from Ga, Al, Mn, and Co. For example, M can be Ga,
Ga and Al, Ga and Mn, or Ga and Co.

[0098] In the case where an In—Zn—O-based material is
used as the oxide semiconductor, the atomic ratio is
In/Zn=0.5 to 50, preferably In/Zn=1 to 20, further preferably
In/Zn=1.5 to 15. When the atomic ratio of Zn is in the above
preferred range, the field-effect mobility of the transistor can
be improved. Here, when the atomic ratio of the compound is
In:Zn:0=X:Y:Z, the relation Z>1.5X+Y is satisfied.

[0099] For the oxide semiconductor layer, it is possible to
use an oxide semiconductor that has neither a single crystal
structure nor an amorphous structure and is a crystalline
oxide semiconductor having c-axis alignment (also referred
to as a c-axis aligned crystalline oxide semiconductor
(CAAC-0Y)).

[0100] Examples of a material of wiring layers serving as
source and drain electrode layers are an element selected from
Al Cr, Ta, Ti, Mo, and W; an alloy containing any of the above
elements as its component; and an alloy film containing a
combination of any of these elements. Further, in the case
where heat treatment is performed, the conductive film pref-
erably has heat resistance against the heat treatment. Since the
use of aluminum alone brings disadvantages such as low heat
resistance and a tendency to corrosion, aluminum is used in
combination with a conductive material having heat resis-
tance. As the conductive material having heat resistance,
which is used in combination with aluminum, it is possible to
use an element selected from titanium (T1), tantalum (Ta),
tungsten (W), molybdenum (Mo), chromium (Cr), neody-
mium (Nd), and scandium (Sc), an alloy containing any of
these elements as its component, an alloy containing a com-
bination of any of these elements, or a nitride containing any
of these elements as its component.

[0101] As an insulating film 419 that covers the transistor,
an inorganic insulating film or an organic insulating film
formed by a dry method or a wet method can be used. For
example, it is possible to use a silicon nitride film, a silicon
oxide film, a silicon oxynitride film, an aluminum oxide film,
a tantalum oxide film, or a gallium oxide film formed by
CVD, sputtering, or the like. Moreover, an organic material
such as polyimide, acrylic, benzocyclobutene, polyamide, or
an epoxy resin can be used. Other than such organic materials,
it is also possible to use a low-dielectric constant material (a
low-k material), a siloxane-based resin, PSG (phosphosili-
cate glass), BPSG (borophosphosilicate glass), or the like.

[0102] Note that a siloxane-based resin corresponds to a
resin including a Si—O—Si bond formed using a siloxane-
based material as a starting material. A siloxane-based resin
may include an organic group (e.g., an alkyl group or an aryl
group) or a fluoro group as a substituent. In addition, the
organic group may include a fluoro group. A siloxane-based
resin is applied by a coating method and baked; thus, the
insulating film 419 can be formed.
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[0103] Note that the insulating film 419 may be formed by
stacking a plurality of insulating films each formed using any
of the above materials. For example, the insulating film 419
may have a structure in which an organic resin film is stacked
over an inorganic insulating film.

[0104] FIGS. 7A and 7B illustrate an example of a display
panel including a liquid crystal element as a display element.
FIG. 7A is a plan view of a display panel, and FIG. 7B is a
cross-sectional view along E-F in FIG. 7A. The structure of
the panel including the liquid crystal element shown in this
embodiment can be employed as the structure of the shutter
panel as appropriate.

[0105] InFIGS.7A and 7B, a sealant 605 is provided so as
to surround a pixel portion 602 and a scan line driver circuit
604 which are provided over a first substrate 601. A second
substrate 606 is provided over the pixel portion 602 and the
scan line driver circuit 604. Thus, the pixel portion 602 and
the scan line driver circuit 604 are sealed together with a
liquid crystal layer 608 by the first substrate 601, the sealant
605, and the second substrate 606.

[0106] In FIG. 7A, a signal line driver circuit 603 that is
formed using a single crystal semiconductor film or a poly-
crystalline semiconductor film over a substrate separately
prepared is mounted in a region different from the region
surrounded by the sealant 605 over the first substrate 601. A
variety of signals and potentials are supplied to the signal line
driver circuit 603, the scan line driver circuit 604, and the
pixel portion 602 from an FPC 618.

[0107] In FIGS. 7A and 7B, the display panel includes a
connection terminal electrode 615 and a terminal electrode
616. The connection terminal electrode 615 and the terminal
electrode 616 are electrically connected to a terminal of the
FPC 618 via an anisotropic conductive film 619. The connec-
tion terminal electrode 615 is formed using the same conduc-
tive film as a first electrode layer 630 of the liquid crystal
element, and the terminal electrode 616 is formed using the
same conductive film as source and drain electrodes of tran-
sistors 610 and 611.

[0108] The pixel portion 602 and the scan line driver circuit
604, which are provided over the first substrate 601, each
include a plurality of transistors. FIG. 7B illustrates the tran-
sistor 610 included in the pixel portion 602 and the transistor
611 included in the scan line driver circuit 604.

[0109] InFIG.7B,aliquid crystal element 613, which is the
display element, includes the first electrode layer 630, a sec-
ond electrode layer 631, and the liquid crystal layer 608.
Insulating films 632 and 633 serving as alignment films are
provided so that the liquid crystal layer 608 is sandwiched
therebetween. The second electrode layer 631 is provided on
the second substrate 606 side, and the first electrode layer 630
and the second electrode layer 631 are stacked with the liquid
crystal layer 608 placed therebetween.

[0110] A columnar spacer 635 is obtained by selective etch-
ing of an insulating film. The spacer is provided to control the
thickness (cell gap) of the liquid crystal layer 608. Alterna-
tively, a spherical spacer may be used.

[0111] In the case where a liquid crystal element is used as
the display element, thermotropic liquid crystal, low-molecu-
lar liquid crystal, high-molecular liquid crystal, polymer dis-
persed liquid crystal, ferroelectric liquid crystal, anti-ferro-
electric liquid crystal, or the like can be used. These liquid
crystal materials exhibit a cholesteric phase, a smectic phase,
a cubic phase, a chiral nematic phase, an isotropic phase, or
the like depending on conditions.
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[0112] Alternatively, liquid crystal exhibiting a blue phase
for which an alignment film is unnecessary may be used. A
blue phase is one of liquid crystal phases, which is generated
just before a cholesteric phase changes into an isotropic phase
while temperature of cholesteric liquid crystal is increased.
Since the blue phase appears only in a narrow temperature
range, a liquid crystal composition in which several weight
percent or more of a chiral material is mixed is used for the
liquid crystal layer in order to improve the temperature range.
The liquid crystal composition that includes a liquid crystal
showing a blue phase and a chiral agent has a short response
time of 1 ms (millisecond) or less and has optical isotropy;
therefore, the alignment process is not necessary and viewing
angle dependence is small. In addition, since an alignment
film does not need to be provided and rubbing treatment is
unnecessary, electrostatic discharge caused by the rubbing
treatment can be prevented and defects and damage of the
display panel can be reduced in the manufacturing process.
Thus, the productivity of the display panel can be increased.
[0113] The specific resistivity of the liquid crystal material
is 1x10° Q-cm or more, preferably 1x10'* Q-cm or more,
further preferably 1x10"* Q-cm or more. The value of the
specific resistivity in this specification is measured at 20° C.

[0114] For the display panel including the liquid crystal
elements (the liquid crystal display panel), a twisted nematic
(TN) mode, an in-plane-switching (IPS) mode, a fringe field
switching (FFS) mode, an axially symmetric aligned micro-
cell (ASM) mode, an optically compensated birefringence
(OCB) mode, a ferroelectric liquid crystal (FLC) mode, an
antiferroelectric liquid crystal (AFLC) mode, or the like can
be used.

[0115] The display panel in this embodiment can be a nor-
mally black liquid crystal display panel such as a transmissive
liquid crystal display panel utilizing a vertical alignment (VA)
mode. The vertical alignment mode is a method of controlling
alignment of liquid crystal molecules of a liquid crystal dis-
play panel, in which liquid crystal molecules are aligned
vertically to a panel surface when no voltage is applied. There
are some examples of the vertical alignment mode, and for
instance, a multi-domain vertical alignment (MVA) mode, a
patterned vertical alignment (PVA) mode, or an advanced
super view (ASV) mode can be employed. Moreover, it is
possible to use a method called domain multiplication or
multi-domain design, in which a pixel is divided into several
regions (subpixels) and molecules are aligned in different
directions in their respective regions.

[0116] Inthe display panel described in this embodiment, a
black matrix (a light-shielding layer), an optical member (an
optical substrate) such as a polarizing member, a retardation
member, or an anti-reflection member, and the like are pro-
vided as appropriate. For example, circular polarization may
be obtained by using a polarizing substrate and a retardation
substrate. In addition, a backlight, a side light, or the like may
be used as a light source for the liquid crystal display panel.
[0117] As a display method in the pixel portion, a progres-
sive method, an interlace method, or the like can be
employed. Further, color elements controlled in a pixel at the
time of color display are not limited to three colors: R, G, and
B (R, G, and B correspond to red, green, and blue). For
example, R, G, B, and W (W corresponds to white); or R, G,
B, and one or more of yellow, cyan, magenta, and the like can
be used. Note that the size of display regions may be different
between dots of color elements. This embodiment is not lim-
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ited to the application to a display panel for color display but
can also be applied to a display panel for monochrome dis-
play.

[0118] Thedisplay device according to one embodiment of
the present invention can be provided by applying the display
panel described in this embodiment to the display panel in
Embodiment 1.

[0119] Note that this embodiment can be implemented in
appropriate combination with the structures described in the
other embodiments.

Embodiment 4

[0120] Thedisplay device according to one embodiment of
the present invention may include a position input device
called a touch panel. In this embodiment, a description is
given using FIGS. 8A and 8B of an example of the structure
ofa shutter panel that is applicable to the display device in one
embodiment of the present invention and includes a touch
panel.

[0121] FIG. 8A is a perspective view of a shutter panel
shown in this embodiment. FIG. 8B is a cross-sectional view
along M-N in FIG. 8A. Note that in FIG. 8A, some of com-
ponents (e.g., a polarizing plate) are omitted in order to avoid
complexity of the drawing.

[0122] A shutter panel 640 illustrated in FIGS. 8A and 8B
includes a first polarizing plate 642, a liquid crystal element
unit 650, a touch panel unit 660 provided to overlap with the
liquid crystal element unit 650, a second polarizing plate 648,
and a substrate 652 provided in contact with the second polar-
izing plate 648.

[0123] The liquid crystal element unit 650 includes a plu-
rality of liquid crystal elements provided between a substrate
644 and a substrate 646. The plurality of liquid crystal ele-
ments can have the structure shown in Embodiment 2.
[0124] Anarrow in FIG. 8B indicates the direction of emit-
ted light, which means that a display panel is provided on the
first polarizing plate 642 side in the display device according
to one embodiment of the present invention.

[0125] For the touch panel unit 660, the capacitive touch
technology can be used, for example. FIGS. 8 A and 8B show
an example of the structure using a projected capacitive touch
technology. The touch panel unit 660 includes a plurality of
first electrodes 662, an insulating layer 666 covering the first
electrodes 662, a plurality of second electrodes 664, and an
insulating layer 668 covering the second electrodes 664.
[0126] The first electrode 662 has a structure where a plu-
rality of rectangular conductive films 661 are connected to
each other. The second electrode 664 has a structure where a
plurality of rectangular conductive films 663 are connected to
each other. The plurality of the first electrodes 662 and the
plurality of the second electrodes 664 overlap with each other
so that the positions of the rectangular conductive films 661
are different from those of the rectangular conductive films
663. Note that the shapes of the first electrodes 662 and the
second electrodes 664 are not limited to the above.

[0127] The first electrode 662 and the second electrode 664
can be formed using a light-transmitting conductive material
such as indium tin oxide containing silicon oxide, indium tin
oxide, zinc oxide, indium zinc oxide, or zinc oxide to which
gallium is added, for example.

[0128] One example of the shutter panel including the
touch panel unit described in this embodiment has a structure
in which the touch panel unit 660 is stacked between the first
polarizing plate 642 and the second polarizing plate 648
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which constitute the shutter panel. This structure can reduce
the number of components as compared to the case where a
shutter panel and a touch panel are manufactured separately
and provided in a display device. As a result, manufacturing
costs of the display device can be reduced. Moreover, the
weight and thickness of the display device can be reduced.
[0129] Note that this embodiment can be implemented in
appropriate combination with the structures described in the
other embodiments.

Embodiment 5
[0130] Thedisplay device according to one embodiment of
the present invention can be used for laptops and image repro-
ducing devices provided with recording media (typically,
devices that reproduce the content of recording media such as
digital versatile discs (DVDs) and have displays for display-
ing the reproduced images). Other examples of electronic
devices that can include the display device according to one
embodiment of the present invention are mobile phones, por-
table game consoles, personal digital assistants, e-book read-
ers, cameras such as video cameras and digital still cameras,
goggle-type displays (head mounted displays), navigation
systems, audio reproducing devices (e.g., car audio systems
and digital audio players), copiers, facsimiles, printers, mul-
tifunction printers, automated teller machines (ATM), and
vending machines. In this embodiment, specific examples of
such electronic devices will be described with reference to
FIGS. 9A to 9C.
[0131] FIG. 9A 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, and a stylus 5008. The display device
according to one embodiment of the present invention can be
used as the display portion 5003 or the display portion 5004.
By using the display device according to one embodiment of
the present invention as the display portion 5003 or the dis-
play portion 5004, it is possible to provide a highly conve-
nient portable game console capable of displaying 3D
images. Although the portable game console in FIG. 9A has
the two display portions 5003 and 5004, the number of dis-
play portions included in a portable game console is not
limited to this.
[0132] FIG. 9B illustrates a laptop personal computer
including a housing 5201, a display portion 5202, a keyboard
5203, and a pointing device 5204. The display device accord-
ing to one embodiment of the present invention can be used
for the display portion 5202. By using the display device
according to one embodiment of the present invention as the
display portion 5202, it is possible to provide a highly con-
venient laptop personal computer capable of displaying 3D
images.
[0133] FIG. 9C illustrates a personal digital assistant
including a housing 5401, a display portion 5402, and opera-
tion keys 5403. The display device according to one embodi-
ment of the present invention can be used as the display
portion 5402. By using the display device according to one
embodiment of the present invention as the display portion
5402, it is possible to provide a highly convenient personal
digital assistant capable of displaying 3D images.
[0134] This embodiment can be implemented in appropri-
ate combination with the structures described in the other
embodiments.

EXPLANATION OF REFERENCE

[0135] 10: display panel, 20: shutter panel, 31: left eye, 32:
right eye, 100: pixel, 200: optical shutter region, 300: display
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device, 301: viewer, 302: display portion, 303: distance sen-
sor, 304: angular sensor, 311: display panel, 312: shutter
panel, 313: application processor, 314: display panel control
circuit, 315: shutter panel control circuit, 316: sensor control
circuit, 401: source driver circuit, 402: pixel portion, 403:
gate driver circuit, 404: sealing substrate, 405: sealant, 407:
space, 408: wiring, 409: FPC (flexible printed circuit), 410:
element substrate, 411: insulating film, 414: insulator, 419:
insulating film, 423: n-channel transistor, 424: p-channel
transistor, 431: EL layer, 433: electrode, 501: substrate, 502:
substrate, 503: liquid crystal, 505: electrode, 506: electrode,
523: wiring, 524: capacitor wiring, 525: wiring, 526: wiring,
601: substrate, 602: pixel portion, 603: signal line driver
circuit, 604: scan line driver circuit, 605: sealant, 606: sub-
strate, 608: liquid crystal layer, 610: transistor, 611: transis-
tor, 613: liquid crystal element, 615: connection terminal
electrode, 616: terminal electrode, 618: FPC, 619: anisotro-
pic conductive film, 630: electrode layer, 631: electrode layer,
632: insulating film, 635: spacer, 640: shutter panel, 642:
polarizing plate, 644: substrate, 646: substrate, 648: polariz-
ing plate, 650: liquid crystal element unit, 652: substrate, 660:
touch panel unit, 661: conductive film, 662: first electrode,
663: conductive film, 664: second electrode, 666: insulating
layer, 668: insulating layer, 100a: pixel, 1005: pixel, 200A:
first liquid crystal element, 200B: second liquid crystal ele-
ment, 412a: transistor, 413a: electrode, 415a: conductive
layer, 418a: light-emitting element, 420a: pixel, 4205: pixel,
420c: pixel, 434a: color filter layer, 434b: color filter layer,
434c: color filter layer, 5001: housing, 5002: housing, 5003:
display portion, 5004: display portion, 5005: microphone,
5006: speaker, 5007: operation key, 5008: stylus, 5201: hous-
ing, 5202: display portion, 5203: keyboard, 5204: pointing
device, 5401: housing, 5402: display portion, 5403: operation
key, 500a: shutter panel, 505a: electrode, 505a1: electrode,
506a: electrode, 506al: electrode, 506a2: electrode, 507al:
liquid crystal element, 50742: liquid crystal element, 516a1:
electrode, 516a2: electrode, 51643: electrode, 520a1: transis-
tor, 5204a2: transistor, 520a3: transistor, 521a: wiring, 522a1:
wiring

[0136] This application is based on Japanese Patent Appli-
cation serial No. 2011-031103 filed with Japan Patent Office
on Feb. 16, 2011, the entire contents of which are hereby
incorporated by reference.

1. A display device comprising:

a display panel; and

a shutter panel comprising a first liquid crystal element and
asecond liquid crystal element adjacent to the first liquid
crystal element,

wherein in a first display state, a first light-shielding region
and a first light-transmitting region are formed in the
shutter panel by the first liquid crystal element and the
second liquid crystal element, and light from the display
panel is emitted through the first light-transmitting
region,

wherein in a second display state, a second light-shielding
region larger than the first light-shielding region and a
second light-transmitting region smaller than the first
light-transmitting region are formed in the shutter panel
by the first liquid crystal element and the second liquid
crystal element, and light from the display panel is emit-
ted through the second light-transmitting region, and

wherein the shutter panel is positioned in a direction of the
light from the display panel.
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2. The display device according to claim 1,

wherein the display panel includes a pixel unit including a
first pixel and a second pixel adjacent to each other, and

wherein a pitch of the first light-shielding region is larger
than a pitch of the pixel unit.

3. The display device according to claim 1, wherein the

display panel comprises a light-emitting display element.

4. The display device according to claim 1, wherein the

display panel comprises a liquid crystal display element.

5. A display device comprising:

a display panel;

a shutter panel comprising a first liquid crystal element and
asecond liquid crystal element adjacent to the first liquid
crystal element; and

a sensor configured to detect a distance and an angle
between the shutter panel and a viewer,

wherein in a first display state, a first light-shielding region
and a first light-transmitting region are formed in the
shutter panel by the first liquid crystal element and the
second liquid crystal element, and light from the display
panel is emitted through the first light-transmitting
region,

wherein in a second display state, a second light-shielding
region larger than the first light-shielding region and a
second light-transmitting region smaller than the first
light-transmitting region are formed in the shutter panel
by the first liquid crystal element and the second liquid
crystal element, and light from the display panel is emit-
ted through the second light-transmitting region,

wherein the shutter panel is positioned in a direction of the
light from the display panel, and

wherein one of the first display state and the second display
state is selected in accordance with the distance and the
angle detected by the sensor.

6. The display device according to claim 5,

wherein the display panel includes a pixel unit including a
first pixel and a second pixel adjacent to each other, and

wherein a pitch of the first light-shielding region is larger
than a pitch of the pixel unit.

7. The display device according to claim 5, wherein the

display panel comprises a light-emitting display element.

8. The display device according to claim 5, wherein the

display panel comprises a liquid crystal display element.

9. A display device comprising:

a display panel;

a shutter panel comprising a first liquid crystal element, a
second liquid crystal element, and a third liquid crystal
element; and

a sensor configured to detect a distance and an angle
between the shutter panel and a viewer,

wherein the first liquid crystal element is interposed
between the second liquid crystal element and the third
liquid crystal element,

wherein the first liquid crystal element comprises a first
electrode, the second liquid crystal element comprises a
second electrode, and the third liquid crystal element
comprises a third electrode,

wherein the second electrode is electrically connected to
the third electrode through a wiring,

wherein in a first display state, a first light-shielding region
and a first light-transmitting region are formed in the
shutter panel by the first liquid crystal element, the sec-
ond liquid crystal element, and the third liquid crystal
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element, and light from the display panel is emitted wherein one of the first display state and the second display
through the first light-transmitting region, state is selected in accordance with the distance and the
angle detected by the sensor.

wherein in a second display state, a second light-shielding 10. The display device according to claim 9

region larger than the first light-shielding region and a wherein the display panel includes a pixel unit including a
second light-transmitting region smaller than the first first pixel and a second pixel adjacent to each other, and
light-transmitting region are formed in the shutter panel wherein a pitch of the first light-shielding region is larger
by the first liquid crystal element, the second liquid than a pitch of the pixel unit.

11. The display device according to claim 9, wherein the
display panel comprises a light-emitting display element.

12. The display device according to claim 9, wherein the
display panel comprises a liquid crystal display element.

crystal element, and the third liquid crystal element, and
light from the display panel is emitted through the sec-
ond light-transmitting region,

wherein the shutter panel is positioned in a direction of the
light from the display panel, and *oR Rk
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