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cludes a pixel which includes a first
photosensor portion having a first
photodiode for detecting visible

100

PP AP
T o

aE gt tceg o
g g g
ZH N gm N g

108

104 106a

light, which is provided together with
a display element portion; and a pixel
which includes a second photosensor
portion having a second photodiode
for detecting infrared rays, which is
provided together with another dis-
play element portion. The second
photosensor portion detects infrared
rays included in external light, and
selects an imaging element and ad-
justs sensitivity in accordance with
the amount of infrared rays detected
by the second photosensor portion.
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DESCRIPTION

DISPLAY DEVICE AND
METHOD FOR DRIVING DISPLAY DEVICE

TECHNICAL FIELD
[0001]

Embodiments of the present invention relate to a display device in which pixels
each having a photosensor are arranged in a matrix and to a driving method of the
display device. Further, an embodiment of the present invention relates to an

electronic device including the display device.

BACKGROUND ART
[0002]

In recent years, a display device provided with a sensing element for detecting
light (also referred to as a "photosensor") has attracted attention. A display device
having a photosensor in a display region, which can detect a touch of an object to be
detected (e.g., a pen and a finger) on the display region, is also called a touch panel, a
touch screen, or the like (hereinafter simply called a "touch panel"). Such a
photosensor provided in the display region enables the display region to doul;le as an
input region; as an example, a semiconductor device having an image loading function
has been disclosed in Patent Document 1.

[Reference]

[Patent Document]

[0003]

[Patent Document 1] Japanese Published Patent Application No. 2001-292276

DISCLOSURE OF INVENTION
[0004]

In such a display device having a photosensor, external light easily affects
imaging accuracy. When the human living environment is considered, dim indoor

illuminance and outdoor illuminance under sunlight differ by appfoximatély 10000
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times or more. Within this wide range of illuininance, it is difficult to make a
photosensor recognize the contrast uniformly; thus, false recognition has occurred when
the display device having the photosensor is used as a touch panel.

[0005]

In addition, in the case where the display device having the photosensor is used
as an image sensor, it is necessary to adjust the sensitivity of a photosensor in
accordance with the illuminance of light detected by the photosensor so that imaging is
performed within the wide dynamic range. When the photosensor does not have
adequate sensitivity, a clear imaging cannot have been performed due to underexposure
OT OVerexposure.

[0006]

Thus, one embodiment of the present invention disclosed herein solves at least
one of the above problems.
[0007]

One embodiment of the present invention relates to a display device including
a pixel having a photosensor capable of detecting infrared rays and a pixel having a
photosensor capable of detecting visible light, where external light intensity is
determined by detecting an infrared ray, a photosensor used for imaging is selec’ted, and
the sensitivities of the photosensors are set automatically.

[0008]

One embodiment of the present invention disclosed in this specification is a
display device which includes a display element portion formed in a pixel of a display
region, a first photosensor portion formed in the pixel, which is provided together with
thé display element portion, and a second photosensor portion formed in another pixel
without the first photosensor portion, which is provided together with another display
element portion, where the first photosensor portion is provided with a first photodiode
for detecting visible light, and where the second photosensor portion is provided with a
second photodiode for detecting an infrared ray.

[0009]

For the first photodiode, a PIN-type or PN-type photodiode including a silicon

semiconductor can be useq. ~ Specifically, a PIN-type photodiode in which an

amorphous silicon semiconductor which has light absorption characteristics in a
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wavelength region of visible light is used for an i-type semiconductor layer is
preferable.
[0010]

For the second photodiode, a PIN-type or PN-type photodiode including a
silicon semiconductor can be used. Specifically, a PIN-type photodiode in which a
microcrystalline silicon semiconductor which can be easily formed as thin film
crystalline silicon and has light absorption characteristics in a wavelength region of an
infrared ray is used for an i-type semiconductor layer is preferable. At this time, only
an infrared ray can be detected when a filter which transmits infrared rays and absorbs
visible light is provided over a light receiving surface of the photodiode.

[0011] | |

Another embodiment of the present invention disclosed in this specification is a
method for driving a display device which includes a display element portion formed in
a pixel of a display region, a first photosensor portion formed in the pixel, which is
provided together with the display element portion, and a second photosensor portion
formed in another pixel without the first photosensor portion, which is provided
together with another display element portion. The method for driving the display
device includes the steps of external light entering the display region, detecting an
infrared ray included in the external light by the second photosensor portion, selecting
either the first photosensor portion or the second photosensor portion és a unit (means)
which is used for imaging in accordance with the amount of infrared rays detected by
the second photosensor portion, performing imaging using visible light when the first
photosensor portion is used, and performing imaging using an infrared ray when the
second photosensor portion is used.

[0012]

Another embodiment of the present invention disclosed in this specification is a
method for driving a display device which includes a display element portion formed in
a pixel of a display region, a first photosensor portion formed in the pixel portion, which
is provided together with the display element portion, and a second photosensor portion
formed in another pixel without the first photosensor portion, which is provided
together with another display element portion. The method for driving the display

device includes the steps of changing light reception sensitivity of the first photosensor
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portion by intensity of an infrared ray which is detected by the second photosensor
portion when light is received, converting intensity of light detected by the first
photosensor portion to signals, forming from the signals a histogrém where a horizontal

axis represents gray scales, counting gray scales of the histogram from the gray scales in

- a dark side, setting a gray scale which reaches a count number set in advance to a

threshold value, performing binarization of an image at a boundary of the threshold
value to obtain a bright portion and a dark portion, and determining a position of an
object in the display region using an address of a pixel of the dark portion.

[0013]

Another embodiment of the present invention disclosed in this specification is a
method for driving a display device which includes a display element portion formed in
a pixel of a display region, a first photosensor portion formed in the pixel, which is
provided together with the display element portion, and a second photosensor portion
formed in another pixel without the first photosensor portion, which is provided
together with another display element portion. The method for driving the display
device includes the steps of external light entering the display region, detecting an
infrared ray included in the external light by the second photosensor portion, selecting
either the first photosensor portion or the second photosensor portion as a unit (means)
which is used for imaging in accordance with the amount of infrared rays detected by
the second photosensor portion, performing imaging using visible light when the first
photosensor portioh is used, performing imaging using an infrared ray when the second
photosensor portion is used, converting intensity of light detected by the first
photosensor portion or the light detected by the second photosensor portion to signals,

forming from the signals a histogram where a horizontal axis represents gray scales,

counting gray scales of the histogram from the gray scales in a dark side, setting a gray

scale which reaches a count number set in advance to a threshold value, performing
binarization of an image at a bouhdary of the threshold value to obtain a bright portion
and a dark portion, and determining a position of an object to be detected in the display
region using an address of a pixel of the dark portion. |
[0014]

According to one embodiment of the present invention, a display device having

a touch panel function capable of preventing false recognition due to the effect of
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external light and a function capable of performing imaging within the wide dynamic

range can be provided.

BRIEF DESCRIPTION OF DRAWINGS
[0015]

FIG. 1 illustrates a structure of a display device where a display region is
provided with both a display element and a photosensor.

FIG. 2 is a circuit diagram having a configuration of a display device where a
display region is provided with both a display element and a photosensor.

FIG. 3 is a timing chart of the operations of a photo sensor.

FIG. 4 is a flow chart of the operations of a photosensor.

FIG. 5 is a flow chart of the operations of a photosensor.

FIG. 6 is a graph showing the spectral sensitivity of a photodiode and the
transmittance of an infrared-ray transmitting filter.

FIGS. 7A and 7B illustrate images obtained by a photosensor.

FIG. 8 is a flow chart describing a binarization process.

FIGS. 9A and 9B are histograms describing a binarization process.

FIG. 10 is a histogram describing a binarization process.

FIG. 11 is a cross-sectional view of a display device where a display region is
provided with both a display element and a photosensor.

FIG. 12 is a cross-sectional view of a display device where a display region is
provided with both a display element and a photosensor.

FIG. 13 is a cross-sectional view of a display device where a display region is
provided with both a display element and a photosensor.

FIG. 14 is a cross-sectional view of a display device where a display region is
provided with both a display element and a photosensor.

| FIG. 15 illustrates an example of an electronic device using a display device

according to one embodiment of the present invention.

FIG. 16 illustrates a structure of a display device according to one embodiment
of the present invention.

FIGS. 17A to 17C each illustrate an example of an electronic device using a

.display device according to one embodiment of the present invention.
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BEST MODE FOR CARRYING OUT THE INVENTION
[0016]

Hereinafter, embodiments of the present invention will be described in- detail
with reference to the accompanying drawings. However, the present invention is not
limited to the description below, and it is easily understood by those skilled in the art
that modes and details disclosed herein can be modified in various ways without
departing from the spirit and the scope of the present invention. Therefore, the present
invention is not construed as being limited to description of the embodiments below.
In the drawings for describing the embodiments, the same portions or portions having a
similar function are denoted by the same reference numerals, and description of such
parts is not repeated.

[0017]
[Embodiment 1]

In this embodiment, a display device according to one embodiment of the
present invention will be described with reference to drawings. FIG. 1 illustrates an
example of a structure thereof.

[0018]

A display device 100 includes a pixel circuit 101, a display element control
circuit 102, and a photosensor control circuit 103. The pixel circuit 101 includes a
plurality of pixels 104 arranged in a matrix of rows and columns. Each pixel 104
includes a display element portion 105, and a first photosensor portion 106a or a second
photosensor portion 106b, for example. 4
[0019]

The first photosensor portion 106a is provided to obtain an image, and the
second photosensor portion 106b is provided mainly to detect the intensity of external
light. Note that in some cases, imaging is performed with the second photosensor
portion 106b.

{0020}

It is not necessary to provide the photosensor portions for all the pixels, and the

photosensor portions may be formed in accordance with a purpose. Moreover, the

pixel circuit 101 which is occupied with a number of first photosensor portions 106a as
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illustrated in FIG. 1 is merely an example, and may be occupied with a number of
second photosensor portions 106b.
[0021]

The display element control circuit 102 illustrated in FIG. 1 is a circuit for
controlling the display element portions 105 and includes a display .element driver
circuit 107 which inputs a signal to the display element portions 105 through source
signal lines (such as video-data signal lines) and a display element driver circuit 108
which inputs a signal to the display element portions 105 through gate signal lines (scan
lines). |
[0022]

For example, the display element driver circuit 108 has a function of selecting
the display element portion included in each of the pixels in a particular row. The
display element driver circuit 107 has a function of supplying a given potential to the
display element portion included in each of the selected pixels in the row. Note that in
the display element portion where a high potential is applied to the gate signal line from
the display element driver circuit 108, a transistor is turned on and supplied with a
potential applied to the source signal line from the display element driver circuit 107.
[0023]

The photosensor control circuit 103 is a circuit for controlling the first
photosensor portion 106a and the second photosensor portion 106b and includes a
photosensor reading circuit 109 connected to a photosensor output signal line
(hereinafter referred to as an output signal line), a photosensor reference signal line
(hereinafter referred to as a reference signal line), and the like, and a photosensor driver
circuit 110 connected to a photodiode reset signal line (hereinafter referred to as a reset
signal line), a gate signal line for line selection (hereinafter referred to as a selection
signal line), and the like.

[0024]

The photosensor driver circuit 110 has a function of performing a reset
operation, an accumulation operation, and a selection operation which will be described
later on the first photosensor portion 106a and the second photosensor portion 106b
included in each of the pixels in a particular row. Further, the photosensor reading

circuit 109 has a function of extracting output signals of the photosensor portions
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included in each of the selected pixels in the row. Note that the photosensor reading
circuit 109 can have a system in which an output, which is an aﬁalog signal, of the
photosensor portions is extracted as an analog signal to the outside by an OP amplifier;
or a system in which the output is converted into a digital signal by an A/D converter
circuit and then extracted to the outside. | ’

[0025] _

Note that the output signals of the first photosensor portion 106a and the
second photosensor portion 106b can be read by driving the photosensor portions with
the above circuits in common. When the addresses of the photosensor portions are
known, the processes for the signals can be changed at the time of the reading.

[0026]

A circuit diagram of the pixel 104 is described with reference to FIG. 2. The
pixel 104 includes the display element portion 105 including a transistor 201, a storage
capacitor 202, and a liquid crystal element 203, and the first photosensdr portion 106a
including a first photodiode 204a, a transistor 205, and a transistor 206.

[0027]

Note that the description is made here on the first photosensor portion 106a
including the first photodiode 204a; however, the second photosensor portion 106b
including a second photodiode 204b can have a similar structure.

[0028]

In the transistor 201 of the display element portion 105, a gate thereof is
electrically connected to a gate signal line 207, one of a source and a drain thereof is
electrically connected to a source signal line 210, and the other of the source and the
drain thereof is electrically connected to one of electrodes of the storage capacitor 202
and one of electrodes of the liquid crystal element 203. The other of the electrodes of
the storage capacitor 202 and the other of the electrodes of the liquid crystal element
203 are each held at a constant potential. The liquid crystal element 203 is an element
including a liquid crystal layer interposed between a pair of the electrodes.

[0029]

The transistor 201 has a function of controlling injection or discharge of

electric charges to/from the storage capacitor 202. For example, when a high potential

is applied to the gate signal line 207, the potential of the source signal line 210 is
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applied to the storage capacitor 202 and the liquid crystal element 203. The storage.
capacitor 202 has a function of retaining an electric charge correspon'ding to a voltage
applied to the liquid crystal element 203.

[0030]

Image display is realized in such a manner that the contrast (gray scale) of light
passing through the liquid crystal element 203 is made by utilizing a phenomenon in
which the polarization direction is changed by applying voltage to the liquid crystal
element 203. In the case of a transmissive liquid crystal display device, a backlight is
used for a light source of light passing through the liquid crystal element 203.

[0031]

As the transistor 201, a semiconductor layer of amorphous silicon,
microcrystalline silicon, polycrystalline silicon, or the like can also be used; however,
an oxide semiconductor is preferably used. In a transistor including an oxide
semiconductor, characteristics with extremely low off-state current are shown; thus, a
function of holding electric charges can be improved.

[0032]

Although the display element portion 105 describéd here includes the liquid
crystal element, the display element portion 105 may include other elements such as a
light-emitting element. The light-emitting element is an elemént in which the
luminance is controlled by current or voltage. Specifically, a light-emitting diode
(LED), an organic light-emitting diode (OLED), and the like are given.

[0033] _

In the first photodiode 204a of the first photosensor portion 106a, an anode
thereof is electrically connected to a reset signal line 208, and a cathode thereof is
electrically connected to a gate of the transistor 205 through a gate signal line 213. In
the transistor 205, one of a source and a drain thereof is electrically connected to a
reference signal line 212, and the other of the source and the drain thereof is electrically
connected to one of a source and a drain of the transistor 206. In the transistor 206, a
gate thereof is electrically connected to a selection signal line 209, and the other of the
source and the drain thereof is electrically connected to an output signal line 211.

[0034] .
For the first photodiode 204a of the first photosensor portion 106a and the
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second photodiode 204b of the second photosensor portion 106b, a PIN-type or PN-type
photodiode including a silicon semiconductor can be used.
[0035]

For the first photodiode 204a, which performs an imaging operation that
provides a display device with a touch panel function or an image sensor function, a
photodiode which has light absorption charactefistics in a wavelength region of visible
light is preferable. Here, for the photodiode, a PIN-type photodiode in which
amorphous silicon is used for an i-type semiconductor layer is used.

[0036]

For the second photodiode 204b, which mainly performs external light
detection, which will be described later, a photodiode which can be easily formed and
has light absorption characteristics in a wavelength region of an infrared ray is
preferable. Here, for the photodiode, a PIN-type photodiode in which microcrystalline
silicon is used for an i-type semiconductor layer is used. At this time, only an infrared
ray can be detected when a filter which transmits infrared rays and absorbs visible light
is provided over a light receiving surface of the photodiode.

[0037] ‘

The transistor 205 has a role of amplification of an electric signal generated by

the first photodiode 204a; therefore, high mobility characteristics are necessary.

. Further, in order to prevent unnecessary potential from being outputted to the output

signal line 211, it is preferable that the transistor 205 have low off-state current
characteristics. Therefore, although a transistor including a silicon semiconductor can
also be used as the transistor 205, it is more preferable to use a transistor including an
oxide semiconductor having extremely low off-state current characteristics.

[0038]

The transistor 206 is a selection transistor for outputting the signal amplified by
the transistor 205 to the output signal line 211. In order to prevenf unnecessary
potential from being outputted to the output signal line 211, it is preferable that the
transistor 206 also have low off-state current characteristics. Thus, as in the above
case of the transistor 205, it is preferable to form a transistor including an oxide
semiconductor.

[0039]
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For example, for the oxide semiconductor, a thin film represented by the
chemical formula of InMO3(ZnO),, (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, Ga and Co, or the like.

[0040]

Next, a precharge circuit included in the photosensor reading circuit 109 is
described. In FIG. 2, a precharge circuit 300 for one column of pixels includes a
transistor 301, a storage capacitor 302, and a precharge signal line 303. Here, a
p-channel transistor is usedk as the transistor 301. Note that an OP amplifier or an A/D
converter circuit can be connected to a subsequent stage of the precharge circuit 300.
[0041]

In the precharge circuit 300, before the operation of the photosensor portion in
the pixel, the potential of the output signal line 211 is set at a reference potential. In
the configuration of FIG. 2, the precharge signal line 303 is set at "L (Low)" so that the
transistor 301 is turned on, whereby the potential of the output signal line 211 can be set
at a reference potential (here, a high potential). The storage capacitor 302 is provided
for the output signal line 211 so that the potential of the output signal line 211 is
stabilized. Note that it is acceptable that the storage capacitor 302 is not provided if
the output signal line 211 has large parasitic capacitance. Note that the reference
potential may be set at a low potential. In that case, the precharge signal line 303 is set
at "H (High)" with the use of an n-channel transistor as the transistor 301, whereby the
potential of the outpﬁt signal line 211 can be set at a low potential.

[0042]

Next, reading operations of the photosensor portions provided for the display
device in this embodiment is described with reference to a timing chart in FIG. 3. In
FIG. 3, a potential of the reset signal line 208 (RST), a potential of the selection signal
line 209 (SEL), a potential of the gate signal line 213 (GT), a potential of the output
signal line 211 (OUT), and a potential of the precharge signal line 303 (PCG) are shown
sequentially from the top. Note that in the following description on the reading
operation of the photosensor portion, the first photodiode 204a can be described as the
second photodiode 204b.

[0043]
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* At time A, the potential (RST) of the reset signal line 208 is set at "H", so that
the first photodiode 204a is forward biased and the potential (GT) of the gate signal line
213 becomes a reset potential. This reset potential is lower than the "H" potential of
the potential (RST) of the reset signal line 208 by a forward voltage (V5) of the first
photodiode 204a. This reset potential is retained in the signal electric charge
accumulation portion formed by a parasitic capacitance of the gate signal line 213 and a
capacitance of the gate portion of the transistor 205. This step is a beginning of a reset
operation.

[0044]

Further, the potential (PCG) of the precharge signal line 303 is set at "L", so
that the potential (OUT) of the output signal line 211 is precharged to "H", and this can
be performed anytime before the transistor 205 is turned on, without being limited to the
time A.

[0045]

At time B, the potential (RST) of the reset signal line 208 is set at "L", so that
current of the first photodiode 204a flows in the inverse direction in accordance with the
illuminance, which lowers the potential (GT) of the gate signal line 213 from the reset
potential. This step is a beginning of an accumulation operation. As a result, current
that flows between the source and the drain of the transistor 205 varies.

[0046]

Next, the potential of the precharge signal line 303 (PCG) is set at "H" and
precharge of the output signal line 211 (OUT) is completed.
[0047] '

At time C, when the potential of the selection signal line 209 (SEL) is set at
"H", the transistor 206 is turned on, and the reference signal line 212 whose potential is

set at, for example, a ground potential and the output signal line 211 are electrically

- connected to each other through the transistor 205 and the transistor 206. This step is a

beginning of a selection operation. Here, the rate at which the potential of the output
signal line 211 (OUT) decreases depends on the current between the source and the
drain of the transistor 205. That is, the rate at which the potential of the output signal-
line 211 decreases varies in accordance with the amount of light with which the first

photodiode 204a is irradiated. Note that the potential of the reference signal line 212
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is not limited to the ground potential, and an appropriate potential may be supplied
thereto.
[0048]

At time D, when the potential of the selection signal line 209 (SEL) is set at
"L", the transistor 206 is turned off, so that the potential of the output signal line 211
(OUT) is kept at a constant value. This step is end of the accumulation operation and
the selection operation. Here, the potential (OUT) of the output signal line 211 is one
which is changed depending on the amount of light with which the first photodiode
204a is irradiated during the accumulation operation. Therefore, the amount of light
with which the first photodiode 204a is irradiated during the accumulation operation can
be found by detecting the potential (OUT) of the output signal line 211.

[0049] |

The reset operation, the accumulation operation, and the selection operation are
repeated per row of a pixel matrix in sequence, whereby an object to be detected which
is touched or is close to the display panel can be imaged.

{0050]

The above series of operations are an example in the case where‘th.e cathode of
the first photodiode 204a is connected to the gate of the traﬁsistor 205. Such an
operation of generating an output signal can also be performed with the case where the
anode of the first photodiode 204a is connected to the gate of the transistor 205.

[0051]

According to the above series of operations, the potential (GT) of the gate
signal line 213 is initialized to "H" and discharged by current in the inverse direction
generated by light with which the first photodiode 204a is irradiated, and an output
signal is determined through the transistor 205.

[0052]

On the other hand, in the case where the first photodiode 204a is connected
inversely with respect to the first photodiode 204a illustrated in FIG. 2, the potential
(GT) of the gate signal line 213 is initialized to "L" and charged by current in the
inverse direction occurred by light with which the first photodiode 204a is irradiated,
and an output signal can be determined through the transistor 205.

[0053]
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In a display device having a photosensor, in some cases, imaging accuracy
deteriorates under an environment with strong external.light. When the human living
environment is considered, dim indoor illuminance and outdoor illuminance under
sunlight differ by approximately 10000 times or more.

[0054]

Therefore, when the sensitivity of the first photosensor portion 106a of the
display device having a photosensor, which is used for an image sensor, is fixed to the
use for high illuminance like outdoor use, the display device having a photosensor can
be used for outdoor imaging without problem but cause underexposure when used
indoors. On the other hand, when the sensitivity of the first photosensor portion 106a
is fixed to the use for low illuminance, there is a problem in that overexposure is caused
under high illuminance. Moreover, when the display device having a photosensor is
used for a touch panel under high illuminance or low illuminance, the first photosensor
portion 106a cannot recognize sufficiently the change of illuminance; thus, false
recognition has occurred on the input operation. One embodiment of the present
invention has a structure in which the sensitivity of the photosensor portion can be
switched automatically in order to solve the above problems.

[0055]

The display device according to one embodiment of the present invention
recdgnizes illuminance of external light by detecting infrared rays included in the
external light, and includes the second photosensor portion 106b which has a role of
determination of the sensitivity of the first photosensor portion 106a which is used for
imaging. Therefore, regardless of illuminance of external light, the display device can
always operate stably.

[0056]

Although a large amount of infrared rays is included in sunlight, few infrared
ray is included in light emitted from a fluorescent bulb or a light-emitting diode which
is used as a unit (means) for generating visible light. That is, whether the external
environment where the display device is placed is indoors or outdoors can be easily
determined by the amount of infrared rays which are detected by the second
photosensor portion 106b. Accordingly, when the display device is provided with a

function of changing the sensitivity of the first photosensor portion 106a in accordance
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with the illuminance, the above problems can be solved.
[0057]

Specific operations of the above are described with reference to a flow chart.
FIG. 4 is a flow chart for describing part of operations of the case where the display
device functions as an image sensor or a touch panel.
[0058]

First, the display region of the display device is irradiated with external light.
At this time, the second photosensor portion 106b detects infrared rays included in the
irradiation external light, and the display device determines whether the amount of
detected infrared rays is larger or smaller than the specified value. Here, the specified
value of the amount of infrared rays is larger than, for example, the amount of detected
infrared rays in the case of irradiation light including an infrared ray of an incandescent

lamp or the like under an indoor environment where the display device is assumed to be

used normally.

[0059]

When the amount of detected infrared rays is larger than the specified value,
the display device determines that the external environment is outdoors, and the first
photosensor portion 106a which is used for imaging is set at a low sensitivity mode.
On the other hand, when the amount of detected infrared rays is smaller than the
specified value, the display device determines that the external environment.is indoors,
and the first photosensor portion 106a is set at a high sensitivity mode.

[0060]

Then, imaging is started.
[0061]

Here, an example of how to set sensitivity is deécribed with the above
description on the operation of the photosensor. In the above low sensitivity mode,
saturation of a signal which has been converted from light is suppressed.

[0062]

For example, it is assumed that a reset potential is supplied to the gate signal
line 213, a large amount of reverée current of the photodiode flows by irradiation of
light having illuminance 4, a potential of the gate signal line 213 becomes constant

during the accumulation operation time, and a potential a is obtained. In such a
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situation, the potential of the gate signal line 213 becomes constant, ie. the potential a
even when irradiation of light having illuminance B which is higher than the
illuminance A4 is performed. Thus, the result similar to the illuminance A4 is obtained.
In other words, the illuminance 4 and the illuminance B cannot be determined in this
situation.

[0063]

There is a method for shortening the accumulation operation time as an
example of determining the illuminance A and the illuminance B by the photosensor.
By shortening the time, the potential of the gate signal line 213 does not vary until it
becomes constant and the potential becomes potentials corresponding to the illuminance
A and the illuminance B; thus, the illuminance A and the illuminance B can be
determined.

[0064]

The illuminance A and the illuminance B can be determined also by a method
in which a reset potential is varied and the potential of the gate signal line 213 is made
not to be constant within the accumulation operation time. It is needless to say that
both the reset potential and the accumulation operation time may be varied.

[0065] '

On the other hand, in a high sensitivity mode, a signal which has been
convefted from light is prevented from being mixed with noise. The accumulation
operation time and the reset potential may be reverse to those of the low sensitivity
mode.

[0066]

The sensitivity of the photosensor can be set by thus changing the reading
condition of the photosensor.
[0067]

Further, the display device according to one embodiment of the present
invention can operate in a manner different from that of the flow chart in FIG. 4. Note
that although this operation can also be used for an image sensor, it is preferable that the
operation be mainly used for a touch panel because, in this operation, an infrared ray is
used for imaging. |

[0068]
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- This operation is needed from the following background. The characteristics
of the first photodiode 204a including amorphous silicon, which is formed in the first
photosensor portion 106a, show almost linear outputs from low illuminance to high
illuminance. However, in the case where illuminance is too high, for example, the
case under direct sunlight, the slope becomes small with the effect of direct resistance
with respect to output current; thus, the output becomes non-linear in some cases.

[0069]

On the other hand, also in an illuminance region where the outputs of the first
photosensor portion 106a show non-linearity, the outputs of the second photosensor
portion 106b having appropriate sensitivity to an infrared ray can show linearity. In
other words, under an environment where illuminance is extremely high, the second
photosensor portion 106b functions as imaging instead of the first photosensor portion
106a, whereby false recognition which might occur in the case where the display device
is used for a touch panel can be prevented.

[0070]

The above operations are described with reference to a flow chart in FIG. 5.
[0071] v
| First, the display region of the display device is irradiated with external light.
At this time, the second photosensor portion detects infrared rays included in the
irradiation external light, and the display device determines whether the amount of
detected infrared rays is larger or smaller than a specified value 4. Here, the specified
value 4 of the amount of infrared rays ié larger than, for example, the amount of
detected infrared rays in the case of irradiation light including an infrared ray of an
incandescent lamp or the like under an indoor environment where the display device is
assumed to be used normally.

[0072]

When the amount of detected infrared rays is smaller than the specified value 4,
the display device determines that the external environrﬁent is indoors, and the first
photosensor portion 106a which is used for imaging is set at a high sensitivity mode.
The following operations are the same as those of the flow chart in FIG. 4.

[0073]

On the other hand, when the amount of detected infrared rays is larger than the
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specified value A4, the display device further determines whether the amount of detected
infrared rays is larger or smaller than a specified value B. This specified value B is set
to illuminance at which the outputs of the first photodiode 204a which is used for the
first photosensor portion 106a start to show non-linearity.

[0074]

When the amount of infrared rays is smaller than the specified value B, the
display device determines that the external environment is outdoors, and the first
photosensor portion 106a is set at a low sensitivity mode. The following operations
are the same as those of the flow chart in FIG. 4.

[0075]

Further, when the amount of infrared ruays is larger than the amount of specified
value B, imaging is started in the display device using the second photosensor portion
106b.

[0076]

| In such a manner, the operations illustrated in the flow chart in FIG. 5 greatly
differ from the operations illustrated in the flow chart in FIG. 4 in that imaging is
performed usihg an infrared ray.
[0077]

Next, the second photodiode 204b which is used for the second photosensor
portion 106b for detecting infrared rays is described. Note that in this specification, an
infrared ray refers to light whose wavelength is in the range of from approximately 0.7
um to 1.2 pm.

[0078]

3

FIG. 6 shows the spectral sensitivity characteristics (quantum efficiency) of a
PIN-type photodiode using amorphous silicon or microcrystalline silicon for an i-type
semiconductor layer and the transmittance of a general infrared-ray transmitting filter.
[0079] _

FIG. 6 shows that, whereas the PIN-type photodiode using amorphous silicon
has sensitivity almost in the range of visible light, the PIN-type photodiode using
microcrystalline silicon has sensitivity also in a wavelength region of an.infrared ray.
[0080]

The curve which is obtained by multiplying the quantum efficiency of the
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PIN-type photodiode using microcrystalline silicon and the transmittance of the
infrared-ray transmitting filter shows sensitivity to infrared rays of the photodiode.
Note that the loss of light which is not transmitted through the infrared-ray transmitting
filter is not considered. Therefore, it is found that the second photodiode 204b using
microcrystalline silicon can detect infrared rays in combination with the infrared-ray
transmitting filter.

[0081]

As described above, a display device having a touch panel function capable of
preventing false recognition due to the effect of external light and an image sensor
function capable of performing imaging within the wide dynamic range can be
provided.

[0082]

) This embodiment can be implemented in combination with any of the other
embodiments or the examples as appropriate.

[0083]

[Embodiment 2]

In this embodiment, a method for processing a signal outputted from a
photosensor which is mounted on a display device and making the display device
function as a touch panel will be described.

[0084] | .

In order that the display device on which a photosensor is mounted recognizes
contact on a surface of the display device by a finger, a pen, or the like, it is necessary to
image shadows which are caused by shielding external light with the finger, the pen, or
the like.

{0085] .

The shadows are imaged and the position in a display region is recognized in
the following manner. First, the target position in the display region is made in contact
with a finger or a pen, an imaging operation is performed on the entire display region or
part thereof, and thus an image of FIG. 7A is obtained. Next, as illustrated in FIG. 7B,
a process for displaying a tone of the shadows with two gray scales is performed, and
binary (white and black) determination is performed. Then, the position of the shadow

(black) is extracted as a contact position. The above process can be performed using
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software and a CPU or using dedicated hardware.
[0086]

Next, the above binary determination method is described. The shadows
caused by a finger or a pen have different tones depending on intensities of external |
light. In some cases, the shadows include not only a shadow of a fihgertip or a pen nib
in contact but also a shadow of a palm, a main body of the pen, or the like. Therefore,
it is important to set the threshold value which is used in performing the above binary
determination. Here, the threshold vélue refers to a boundary for distinguishing a
contrast. |
[0087]

The method for setting the threshold value and the binary determination
method in this embodiment is described in detail with reference to a flow chart in FIG.
8.

[0088]

First, image signals are obtained. Here, signals of the image illustrated in FIG.
7A are to be obtained as an example. Next, a gray-scale histogram is formed from the
obtained image signals. The image of FIG. 7A can be largely divided into a region 401
with a dark shadow of a fingertip, a pen nib, or the like, a region 403 with a light
shadow of a finger, a main body of a pen, or the like, and a region 405 where a shadow
is not caused..

[0089]

When the histogram is formed from the image of FIG. 7A with, for example,
256 gray scales, a histogram as shown in FIG. 9A is obtained. Here, a distribution 411,
a distribution 413, and a distribution 415 that form this histogram correspond to the
region 401, the region 403, and the region 405 in FIG. 7A, respectively.

[0090] »

Among these regions, the region 401 in FIG. 7A is a position where detection is
aimed, and a region with a darker shadow may be extracted in order to further improve'
accuracy.

[0091]
Since the region 401 in FIG. 7A corresponds to the distribution 411 in FIG. 94,

the region 401 can be extracted by selecting a threshold value from the gray scales
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included in the distribution 411. In order to extract the region 401 with higher
accuracy, as shown in FIG. 9B, gray scales are counted from those in the dark side of the
shadows (dark side) until the count number above a certain level iS detected so that a
gray scale that reaches the number or a gray scale in the vicinity of the maximum value
may be set to a threshold value. |
[0092]

Here, when the count number above a certain level or the maximum value is
not detected, a subsequent image is obtained and a detection operation of a maximum
value of the histogram is performed in a similar step.

[0093]

In such a manner, binarization of the gray scales can be performed to obtain a
distribution 421 and a distribution 422, the displays at which are respectively darker and
brighter than the display at the threshold value shown in FIG. 9B. This binarized state
is shown as an image as illustrated in FIG. 7B, and a region 431 with a darker shadow in
the region 401 in FIG. 7A can be extracted.

[0094]

When th¢ display device is placed under an environment with strong external
light, light passes under a fingertip or a pen nib; thus, the shadow is imaged relatively
lightly. In such a case, the entire histogram is shifted to the light region; therefore, the
threshold value can be determined in consideration of the amount of shift by counting
the gray scales from those in the dark side (see FIG. 10). In this case, binarization of
the gray scales can be performed to obtain a distribution 441 and a distribution 442, the
displays at which are respectively darker and brighter than the display at the threshold
value.

[0095]

A shadow of a palm, a main body of a pen, or the like is imaged lighter than the
shadow of a portion in contact with the display device. Thus, when gray scales are
counted from those in a dark side of a histogram, a portion corresponding to the shadow
of a fingertip or a pen nib is to be counted first. Therefore, even among the shadows
of the same object to be detected, a shadow of a portion which is needed can be detected
preferentially. In other words, counting gray scales of a histogram from those in a dark

side is ext'remely effective.
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[0096]

The accurate position of an object to be detected such as a fingertip, a pen nib,
or the like can be determined from the addresé of a pixel where a shadow is detected in
such a manner; thus, the display device can recognize this series of operations as an
input operation. That is, an operation as a touch panel can be provided to the display
device.

{0097]

This embodiment can be implemented in combination with any of the other
embodiments or the examples as appropriate.
[0098]

[Embodiment 3]

In this embodiment, a liquid crystal display device which is an example of the
display device disclosed in this specification will be described.
[0099]

FIG. 11 illustrates an example of a cross-sectional view of a liquid crystal
display device. In the liquid crystal display device in this embodiment, a photodiode
1002, a transistor 1003a, a transistor 1003b, a transistor 1003c, a storage capacitor 1004, ,
and a liquid crystal element 1005 are provided over a substrate 1001 having an
insulating surface. Note that a photosensor and a display element are partly shown on
the left side and the right side, respectively, of a short dash line at the center of FIG. 11,
and these structures are equivalent to the configuration of the pixel 104 described in
Embodiment 1 (see FIG. 2).

[0100]

Although a top-gate structure is illustrated as a typical example of the structure
of each of the transistor 1003a, the transistor 1003b, and the transistor 1003c, without
limitation thereto, another structure such as a self-aligned structure or a bottom-gate
structure may be applied.

[0101]

A wiring 1030 is connected to a gate electrode of the transistor 1003a which is
provided for the photosensor and is electrically connected to a cathode of the
photodiode 1002. This wiring 1030 corresponds to the gate signal line 213 illustrated
in FIG. 2. Note that the wiring 1030 may be formed over an insulating film 1033
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instead of a protective insulating film 1031.
[0102]

One of a source electrode and a drain electrode of the transistor 1003a is
connected to one of a source electrode and a drain electrode of the transistor 1003b, and
the other of the source electrode and the drain electrode of the transistor 1003a is
connected to a reference signal line which is not illustrated. In addition, the other of
the source electrode and the drain electrode of the transistor 1003b is connected to an
output signal line which is not illustrated.

[0103]

The photodiode 1002 has a stacked-layer type of PIN junction which includes a
p-type semiconductor layer 1041 containing an impurity imparting p-type conductivity,
an i-type semiconductor layer 1042 having characteristics of an intrinsic semiconductor,
and an n-type semiconductor layer 1043 containing an impurity imparting n-type
conductivity.

[0104]

As a typical example, a photodiode in which amorphous silicon is used for the
i-type semiconductor layer 1042 can be given. Although amorphous silicon can be
used also for the p-type semiconductor layer 1041 and the n-type semiconductor layer
1043 in this case, it is preferable to use microcrystalline silicon having high electrical
conductivity. The photodiode in which amorphous silicon is used for the i-type
semiconductor layer 1042 has photosensitivity in a visible light region and can prevent
malfunction due to an infrared ray.

[0105]

Note that the photodiode in which amorphous silicon is used for the i-type
semiconductor layer 1042 corresponds to the first photodiode for detecting visible light,
which is described in Embodiment 1. In order to form the second photodiode for
detecting infrared rays, crystailine silicon may be used for the i-type semiconductor
layer 1042. In Embodiment 1, an example in which microcrystalliné silicoh is used as
the crystalline silicon is described.

[0106]
Here, the p-type semiconductor layer 1041 which is an anode of the photodiode

is electrically connected to a signal wiring 1035, and the n-type semiconductor layer
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1043 which is a cathode of the photodiode is electrically connected to the gate -electrode
of the transistor 1003a as described abéve. Note that the signal wiring 1035
corresponds to the reset signal line 208 illustrated in FIG. 2. |

[0107]

Note that although not illustrated, a light-transmitting conductive layer may be
provided on a light incident plane of the p-type semiconductor layer 1041. In addition,
a conductive layer may be provided on an interface side with the insulating film 1033 of
the n-type semiconductor layer 1043. For example, the wiring 1030 may be extended
to cover the n-type semiconductor layer 1043. With such a conductive layer provided,
loss of electric charge due to the resistance of the p-type semiconductor layer 1041 or
the n-type semiconductor layer 1043 can be reduéed.

[0108]

Note that although the case where the photodiode 1002 is a PIN diode is
illustrated in this embodiment, the photodiode 1002 may be a PN diode. In this case,
high-quality crystalline silicon is preferably used for the p-type semiconductor layer and
the n-type semiconductor layer.

[0109]

The photodiode may have a structure of a horizontal junction as illustrated in

‘FIG. 12. In a PIN horizontal junction photodiode, a p-type semiconductor layer 1141,

an i-type semiconductor layer 1142, and an n-type semiconductor layer 1143 can be
provided as follows: an i-type semiconductor layer is formed, and an impurity imparting
p-type conductivity and an impurity imparting n-type conductivity are added into part of
the i-type semiconductor layer.

[0110]

The transistor 1003c is provided in the display element to drive the liquid
crystal element. One of a source electrode and a drain electrode of the transistor 1003c
is electrically connected to a pixel electrode 1007, and although not illustrated, the other
of the source electrode and the drain electrode thereof is electrically connected to the
signal wiring.

[0111]
The storage capacitor 1004 can be formed in the step of forming the transistor

1003a, the transistor 1003b, and the transistor 1003c. A capacitor wiring and a
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capacitor electrode of the storage capacitor 1004 are formed in respective steps of
forming a gate electrode of the transistor and for forming a source or drain electrode
thereof, and an insulating film which is a capacity of the storage capacitor 1004 is
formed in a step of forming a gate insulating film of the transistor. The storage
capacitor 1004 is electrically connected to one of the source electrode and the drain
electrode of the transistor 1003c, in paralle] to the liquid crystal element 1005.

[0112]

The liquid crystal element 1005 includes the pixel electrode 1007, liquid
crystals 1008, and a counter electrode 1009. The pixel electrode 1007 is formed over a
planarization insulating film 1032 and is electrically connected to the transistor 1003c
and the storage capacitor 1004. Further, the counter electrode 1009 is provided for a
counter substrate 1013, and the liquid crystals 1008 are provided between the pixel
electrode 1007 and the counter electrode 1009.

[0113]

A cell gap between the pixel electrode 1007 and the counter electrode 1009 can -
be controlled by using a spacer 1016. Although the cell gap is controlled using the
spacer 1016 which is selectively formed by photolithography and has a columnar shape
in FIG. 11, the cell gap can alternatively be controlled by sphere spacers dispersed
between the pixel electrode 1007 and the counter electrode 1009. The position of the
spacer 1016 in FIG. 11 is an example, and the position of the spacer can be determined
as appropriate by a practitioner.

[0114]

Further, the liquid crystals 1008, between the substrate 1001 and the counter
substrate 1013, are surrounded by a sealing material. The liquid crystals 1008 may be
injected by a dispenser method (droplet method) or a dipping method (pumping
method).

[0115]

The pixel electrode 1007 can be formed using a light-transmitting conductive
material such as indium tin oxide (ITO), indium tin oxide containing silicon oxide,
organic indium, organic tin, zinc oxide, indium zinc oxide (IZO) containing zinc oxide,
zinc oxide containing gallium, tin oxide, indium oxide containing tungsten oxide,

indium zinc oxide containing tungsten oxide, indium oxide containing titanium oxide,
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indium tin oxide containing titanium oxide, or the like.
{0116]

In addition, since the transparent liquid crystal element 1005 is given as an
example in this embodiment, the counter electrode 1009 can also be formed using the
above light-transmitting conductive material as in the case of the pixel electrode 1007.
[0117]

An alignment film 1011 is provided between the pixel electrode 1007 and the
liquid crystals 1008 and an alignment film 1012 is provided between the counter
electrode 1009 and the liquid crystals 1008. The alignment film 1011 and the
alignment film 1012 can be formed using an organic resin such as polyimide or
polyvinyl alcohol. Alignment treatment such as rubbing is performed on their surfaces
in order to align liquid crystal molecules in certain direction. Rubbing can be
performed by rolling a roller wrapped with cloth of nylon or the like while pressure is
applied on the alignment film so that the surface of the alignment film is rubbed in
certain direction. By using an inorganic material such as silicon oxide, the alignment
film 1011 and the alignment film 1012 each having an alignment property can be
directly formed by evaporation method without performing alignment treatment.
[0118]

Further, a color filter 1014 capable of transmitting light with a particular
wavelength is provided for the counter substrate 1013 so as to overlap with the liquid
crystal element 1005. The color filter 1014 can be selectively formed as follows: an
organic resin such as an acrylic-based resin in which pigment is dispersed is applied on
the counter substrate 1013 and is subjected to photolithography. Alternatively, the
color filter 1014 can be selectively formed as follows: a polyimide-based resin in which
pigment is dispersed is applied on the counter substrate 1013 and is subjected to etching.
Further alternatively, the color filter 1014 can be selectively formed by a droplet
discharge method such as an ink-jet method. The color filter 1014 is not necessarily
provided.

[0119]

Further, a shielding film 1015 capable of shielding light is provided for the
counter substrate 1013 so as to overlap with the photodiode 1002. The shielding film
1015 can prevent irradiation on the photodiode 1002 directly with light of the backlight
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passing through the counter substrate 1(_)13.' In addition, the shielding film 1015 can
prevent disclination due to disorder of alignment of the liquid crystals 1008 among
pixels from being observed. The shielding film 1015 can be formed using an organic
resin containing black colorant such as carbon black or titanium lower oxide.
Alternatively, the shielding film 1015 can be formed using a film of chromium.

[0120] |

Further, a polarizing plate 1017 is provided on the side of the substrate 1001,
which is opposite to the side over which the pixel electrode 1007 is provided, and a
polarizing plate 1018 is provided on the side of the counter substrate 1013, which is
opposite to the side over which the counter electrode 1009 is provided.

[0121]

The liquid crystal element can be a TN (twisted nematic) type, a VA (vertical
alignment) type, an OCB (optically compensated birefringence) type, an IPS (in-plane
switching) type, or the like. Although the liquid crystal element 1005 in which the
liquid crystals 1008 are provided betwéen the pixel electrode 1007 and the counter
electrode 1009 is described as an example in this embodiment, the display device
according to one embodiment of the present invention is not limited to this structure.
A liquid cfystal element in which a pair of electrodes is provided on the substrate 1001
side such as an IPS type liquid crystal element may also be employed.

[0122]

External light to be detected by the photodiode 1002 enters the substrate 1001
in a direction indicated by an arrow 1025 to reach the photodiode 1002. For example,
when an object 1021 to be detected exists, the object 1021 to be detected blocks external
light, so that incidence of the external light into the photodiode 1002 is prevented. The
liquid crystal display device can function as a touch panel by detecting light which thus
enters the photodiode and a shadow thereof.

[0123]

Further, an object to be detected may be in close contact with the substrate
1001 énd external light passing through the object to be detected may be detected by the
photodiode, so that the liquid crystal diSplay device can function as a contact-type
image sensor.

[0124]
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This embodiment can be implemented in combination with any of the other
embodiments or the examples as appropriate.
[0125]

[Embodiment 4]

In this embodiment, a liquid crystal display device which is an example of the
display device according to one embodiment of the present invention, which is different
from Embodiment 3, will be described.

[0126]

Embodiment 3 can be referred to except for the description made below. For
example, transistors, a photodiode, a liquid crystal element, and the like can be formed
using the same materials as those in Embodiment 3.

[0127]

FIG. 13 is an example of a cross-sectional view of the display device which is
different from Embodiment 3. Unlike Embodiment 3 in which light enters from the
substrate side on which the photosensor is manufactured, light enters a photosensor
from the counter substrate side, that is, through a liquid crystal layer in this
embodiment.

[0128]

Therefore, it is necessary to form an opening in a region of a shielding film
1015 provided for a counter substrate 1013, which overlaps with a photodiode 1002.
A color filter 1014 may be formed in the opening as illustrated in a drawing. A
plurality of photosensors provided with color filters with colors R (red), G (green), and
B (blue) may be provided in a pixel to form a color sensor, so that a color image sensor
function can be provided.

[0129]

Moreover, in order to form the photodiode for detecting infrared rays described
in Embodiment 1, provision of an infrared-ray transmitting filter at the position where
the above color filter is formed is effective in addition to the use of a semiconductor
layer of crystalline silicon or the like, which has sensitivity to infrared rays. Note that
ared (R) color filter may be used for simplification.

[0130] '
Although light enters from the p-type semiconductor layer 1041 side of the
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photodiode 1002 in Embodiment 3, light enters from the n-type semiconductor layer
1043 side in this embodiment with a structure similar to that of Embodiment 3. The
reason why light is made to enter from the p-type semiconductor layer side is that holes
whose diffusion length is short can be effectively taken out, that is, a larger amount of
current‘can be taken out from the photodiode, and light may enter from the n-type
semiconductor layer side as long as a design current value is satisfied.

[0131]

In this embodiment, the p-type semiconductor layer 1041 and the n-type
semiconductor layer 1043 may be counterchanged each other in the photodiode 1002, so
that light can easily enter from the p-type semiconductor layer side. Note that in that
case, the operation method is different from that described in Embodiment 3 because the
gate electrode is connected to the transistor 1003a on the p-type semiconductor layer
(anode) side. Embodiment 1 can be referred to for each operation method.

[0132]

A photodiode 1002 may be formed to overlap with and over a transistor 1003a
and a transistor 1003b as illustrated in FIG. 14. It is needless to say that the
photodiode 1002 may overlap with one of the transistors. In this case, a gate electrode
of the transistor 1003a can be easily connected to an n-type semiconductor layer 1043 of
the photodiode 1002, and light can enter from the p-type semiconductor layer 1041 side.
Further, the photodiode can be formed to have a large area, thereby improving the
light-receiving sensitivity.

[0133]

Although not illustrated, a light-transmitting conductive layer may be provided
on the light incidence side of the photodiode 1002 in any of FIG. 13 and FIG. 14. A
conductive layer may be provided on the side opposite to the light incidence side of the
photodiode 1002. With such a conductive layer provided, loss of electric charge due to
the resistance of the p-type semiconductor layer 1041 or the n-type semiconductor layer
1043 can be reduced.

[0134]

In this embodiment, a shielding film 2015 is provided on the side opposite to
the light-receiving side of the photodiode 1002. The shielding film 2015 prevents the
photodiode 1002 from being directly irradiated wjth light from the backlight that passes
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through a substrate 1001 and enters the display panel, so that high-accuracy imaging
can be performed. The shielding film 2015 can be formed using an organic resin
containing black colorant such as carbon black or titanium lower oxide. ~Alternatively, |
the shielding film 2015 can be formed using a film of chromium.

[0135]

External light to be detected by the photodiode 1002 enters the counter
substrate 1013 in a direction indicated by an arrow 2025 to reach the phbtodiode 1002.
For example, when an object 1021 to be detected exists, the object 1021 to be detected
blocks external light, so that incidence of the external light into the photodiode 1002 is
blocked out. The liquid crystal display device can function as a touch panel by
detecting the intensity of light which thus enters the photodiode.

[0136]

"Further, an object to be detected may be in close contact with the counter
substrate 1013 and external light passing through the object may be detected by the
photodiode, so that the liquid crystal display device can function as a contact-type
image sensor can be provided.

[0137]

This embodiment can be implemented in combination with any of the other
embodiments or the examples as appropriate.
[0138]

[Embodiment 5]

In this embodiment, an example of a writing board (such as a blackboard and a
whiteboard) using a display panel including a photosensor will be described.
[0139]

For example, the display panel including a photosensor is provided at the
position of a display panel 9696 in FIG. 15. |
[0140]

The display panel 9696 has a photosensor and a display element.

[0141] ‘

Here, it is possible to write freely with a marker pen or the like on the surface
of the display panel 9696. |
[0142]
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Note that it is easy to erase letters if the letters are written -with a marker pen or
the like without a fixer.
[0143] .

In addition, it is preferable that the surface of the display panel 9696 be
adequately smooth in order that the ink of the marker pen may be easily removed.
[0144]

For example, the surface of the display panel 9696 has sufficient smoothness
when a glass substrate or the like is used for the surface of the display panel 9696.
[0145]

Alternatively, a transparent synthetic resin sheet or the like may be attached to
the surface of the display panel 9696.

[0146] '

Acrylic resin, for example, is preferably used as the synthetic resin. In this
case, the surface of the sheet of synthetic resin is préferably smooth.
[0147]

In addition, since the display panel 9696 includes a display element, the display
panel 9696 can display a particular image and at the same time, it is possible to write
down letters or the like on the surface of the display panel 9696 with a marker pen.
[0148]

Further, the display panel 9696 includes the photosensor, so that letters written
with the marker pen can be read and printed out if the display panel 9696 is connected
to a printer or the like. |
[0149]

Further, since the display panel 9696 includes the photosensor and the display

element, by writing text, drawing figures, or the like on the surface of the display panel

9696 with an image displayed, a trail of the marker pen read by the photosensor and the

image can be synthesized and displayed on the display panel 9696.
[0150]

Note that sensing with resistive touch sensors, capacitive touch sensors, or the
like can be performed only at the same time as writing with a marker pen or the like.
[0151]

On the other hand, sensing with a photosensor is superior in that sensing can be
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performed anytime after something is written with a marker or the like, even if time
passes.
[0152]

~ This embodiment can be implemented in combination with any of the other
embodiments or the examples as appropriate. ‘
[Example 1]
[0153] _

In this example, positions of a panel and a light source will be described. FIG.
16 is an example of a perspective view illustrating the structure of a display panel
according to one embodiment of the present invention. A display panel illustrated in
FIG. 16 includes a panel 1601 in which a pixel including a liquid crystal element, a
photodiode, a thin film transistor, and the like is formed between a pair of substrates; a
first diffuser plate 1602; a prism sheet 1603; a second diffuser plate 1604; a light guide
plate 1605; a reflector plate 1606; a backlight 1608 including a plurality of light sources
1607; and a circuit board 1609. |
[0154]

The panel 1601, the first diffuser plate 1602, the prism sheet 1603, the second
diffuser plate 1604, the light guide plate 1605, and the reflector 1606 are stacked
sequentially. The light sources 1607 are provided at an end portion of the light guide
plate 1605. Light from the light sources 1607 diffused into the light guide plate 1605
is uniformly delivered from the counter substrate side on the panel 1601 with the help of
the first diffuser plate 1602, the prism sheet 1603, and the second diffuser plate 1604.
[0155]

Although the first diffuser plate 1602 and the second diffuser plate 1604 are
used in this example, the number of diffuser plates is not limited thereto. The number
of diffuser plates may be one, or may be three or more. The diffuser plate may be
provided between the light guide plate 1605 and the panel 1601. Therefore, the
diffuser plate may be provided only on the side closer to the panel 1601 than the prism
sheet 1603, or may be provided only on the side closer to the light guide plate 1605 than
the prism sheet 1603.

[0156]

Further, the shape of the cross section of the prism sheet 1603, which is
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illustrated in FIG. 16, is not only serrate, and the shape may be a shape with which light
from the light guide plate 1605 can be gathered to the panel 1601 side..
[0157]

The circuit board 1609 is provided with a circuit for generating or processing

~ various signals inputted to the panel 1601, a circuit for processing various signals

outputted from the panel 1601, and the like. In FIG. 16, the circuit board 1609 and the
panel 1601 are connected to each other via a flexible printed circuit (FPC) 1611. Note
that the above circuit may be connected to the panel 1601 by a chip on glass (COG)
method, or part of the above circuit may be connected to the FPC 1611 by a chip oﬁ film
(COF) method.

[0158]

FIG. 16 illustrates an example in which the circuit board 1609 is provided with
a control circuit for controlling driving of the light source 1607, and the control circuit
and the light source 1607 are connected to each other via an FPC 1610. However, the
control circuit may be formed over the panel 1601, and in that case, the panel 1601 and
the light sources 1607 are made to be connected to each other via an FPC or the like.
[0159]

Note that although FIG. 16 illustrates an edge-light type light source in which
the light sources 1607 are provided on the edge of the panel 1601, the display panel
according to one embodiment of the present invention may be a direct-below type
display panel in which the light sources 1607 are provided directly below the panel
1601.

{0160]

For example, when a finger 1612 which is an object to be detected gets close to
the panel 1601 from the upper side, part of light that passes through the panel 1601 from
the backlight 1608 reflects off the finger 1612 and enters the panel 1601 again. Color
image data of the finger 1612 which is the object to be detected can be obtained by
sequentially lighting the light sources 1607 that correspond to individual colors and
obtaining image data of every color. Further, the position of the finger 1612 which is
the object to be detected can be recognized from the image data, with which data of a
display image can be combined to provide a function as a touch panel.

[0161]
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This embodiment can be implemented in combination with any of the other
emboc{iments or the examples as appropriate. -
[Example 2]

[0162] |

A display device __aécording to one embodiment of the present invention is
characterized by obtaining image data with high resolution. Therefore, an electronic
device using the display device according to one embodiment of the present invention
can have a higher function by adding the display device as a component.

[0163]

For example, the display device according to one embodiment of the present

invention can be included in display devices, laptop computers, or image reproducing
devices provided with recording media (typically devices which reproduce the content
of recording media such as DVDs (digital versatile disc) and have displays for
displaying the reproduced images). In addition to the above examples, as electronic
devices which include the display device according to one embodiment of the present
invention, mobile phones, portable game machines, portable information terminals,
e-book readers, cameras such as video cameras and digital still cameras, goggle-type
displays (head mounted displays), navigation systems, audio reproducing devices (e.g.,
car audio components and digital audio players), copiers, facsimiles, printers,
multifunction printers, automated teller machines (ATM), vending machines, and the
like can be given. Specific examples of these electronic devices are illustrated in FIGS.
17Ato 17C.
[0164] :
FIG. 17A illustrates a display device, which includes a housing 5001, a display
portion 5002, a support base 5003, and the like. The display device according to one
embodiment of the present invention can be used for the display portion 5002. The
use of a display device according to one embodiment of the present invention for the
display portion 5002 can provide a display device capable of obtaining image data with
high resolution and capable of being equipped with higher-functional applications.
Note that the display device includes all of information display devices for personal
computers, TV receivers, advertisement displays, and the like.

[0165]
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FIG. 17B illustrates a portable information terminal, which includes a housing
5101, a display portion 5102, a switch 5103, operation keys 5104, an infrared port 5105,
and the like. The display device according to one embodiment of the present invention
can be used for the display portion 5102. The use of the display device according to
one embodiment of the present invention for the display portion 5102 can provide a
portable information terminal capable of obtaining image data with high resolution and
capable of being equipped with higher-functional applications.
[0166]

FIG. 17C illustrates a portable game machine, which includes a housing 5301, a
housing 5302, a display portion 5303, a display portion 5304, a microphone 5305,
speakers 5306, an operation key 5307, a stylus 5308, and the like. The display device
according to one embodiment of the present invention can be used for the display
portion 5303 or the display portion 5304. The use of the display device according to
one embodiment of the present invention for the display portion 5303 or the display
portion 5304 can provide a portable game machine capable of obtaining image data with
high resolution and capable of being equipped with higher-functional applications.
Note that although the portable game machine illustrated in FIG. 17C includes two
display portibns, the display portion 5303 and the display portion 5304, the number of
display portions included in the portable game machine is not limited thereto.
[0167] | | |

This example can be implemented in combination with any of the embodiments
or the other examples as appropriate.
[0168]

This application is based on Japanese Patent Application serial No.
2010-034731 filed with the Japan Patent Office on February 19, 2010, the entire

contents of which are hereby incorporated by reference.
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CLAIMS

1. A display device comprising;:

a display element portion formed in a pixel of a display region;

a first photosensor portion formed in the pixel, which is provided together with
the display element portion; and _

a second photosensor portion formed in another pixel without the first
photosensor portion, which is provided together with another display element portion;

wherein the first photosensor portion is provided with a first photodiode for
detecting visible light, and

wherein the second photosensor portion is provided with a second photodiode

for detecting an infrared ray.

2. A display device comprising;:

a display region comprising a first pixel and a second pixel; and

a driving circuit electrically connected to the display region,

wherein the first pixel comprises a first display element portion and a first
photosensor portion,

wherein the second pixel comprises a second displéy element portion and a
second photosensor portion,

wherein the first photosensor portion comprises a first photodiode for detecting
visible light, and

wherein the second photosensor portion comprises a second photodiode for

detecting an infrared ray.

3. The display device according to claim 1 or claim 2, wherein the first
photodiode is a PIN-type photodiode in which amorphous silicon is used for an i-type

semiconductor layer.

4. The display device according to claim 1 or claim 2, wherein the second
photodiode is a PIN-type photodiode in which crystalline silicon is used for an i-type

semiconductor layer.



10

15

20

25

30

WO 2011/102501 37 PCT/JP2011/053613

S. The display device according to claim 1 or claim 2, wherein the second
photosensor portion is provided with a filter which transmits infrared rays and absorbs

visible light.

6. The display device according to claim 1, wherein the display element portion

includes a liquid crystal element.

7. The display device according to claim 2, wherein the first second display

element portion or the second display element portion includes a liquid crystal element.

8. An electronic device having the display device according to claim 1 or claim

9. A method for driving a display device, the display device comprising:
a display element portion formed in a pixel of a display region;
a first photosensor portion formed in the pixel, which is provided together with
the display element portion; and
a second photosensor portion formed in another pixel without the first
photosensor portion, which is provided together with another display element portion,
the method for driving the display device comprising:
external light entering the display region;
detecting an infrared ray included in the external light by the second
photosensor portion; |
changing light reception sensitivity of the first photosensor portion in
accordance. with an amount of infrared rays detected by the second photosensor portion;
and

performing imaging using visible light in the first photosensor portion.

10. A method for driving a display device comprising:
receiving external light on a display region comprising a first pixel and a

second pixel;
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detecting an infrared ray in an external light by a second photosensor portion in
the second pixel;

changing light reception sensitivity of a first photosensor portion in the first
pixel in accordance with an amount of infrared rays detected by the second photosensor
portion; and

performing imaging using visible light in the first photosensor portion.

11. A method for driving a display device, the display device comprising:
a display element portion formed in a pixel of a display region;
a first photosensor portion formed in the pixel, which is provided together with
the display element portion; and
a second photosensor portion formed in another pixel without the first
photosensor portion, which is provided together with another display element portion,
the method for driving the display device comprising:
external light entering the display region;
detecting an infrared ray included in the external light by the second
photosensor portion;
selecting either the first photosensor portion or the second photosensor
portion as a unit which is used for imaging in accordance with an amount of infrared
rays detected by the second photosensor portion;
performing imaging using visible light when the first photosensor
portion is used; and
performing imaging using an infrared ray when the second

photosensor portion is used.

12. A method for driving a display device, the display device comprising:

a display element portion formed in a pixel of a display region;

a first photosensor portion formed in the pixel, which is provided together with
the display element portion; and

a second photosensor portion formed in another pixel without the first
photosensor portion, which is provided together with another display element portion,

the method for driving the display device comprising:
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changing light reception sensitivity of the first photosensor portion by
intensity of an infrared ray which is detected by the second photosensor portion when
light is received;
' converting intensity of light detected by the first photosensor portion
to signals; ‘
forming from the signals a histogram where a horizontal axis
represents a gray scale;
counting gray scales of the histogram from the gray scales in a dark
side;
setting a gray scale which reaches a count number set in advance to a
threshold value;
' performing binarization of an image at a boundary of the threshold
value to obtain a bright portion and a dark portion; and ‘
determining a position of an oiject to be detected in the display region

using an address of a pixel of the dark portion.

13. A method for driving a display device, the display device comprising:

a display element portion formed in a pixel of a display region;

a first photosensor portion formed in the pixel, which is provided together with
the display element portion; and |

a second photosensor portion formed in another pixel without the first
photosensor portion, which is provided together with another display element portion,

the method for driving the display device comprising: |

external light entering the display region;

detecting an infrared ray included in the external light by the second
photosensor portion;

.selecting either the first photosensor portion or the second photosensor
portion as a unit which is used for imaging in accordance with an amount of infrared
rays detected by the second photosensor portion; _

performing imaging using visible light when the first photosensor
portion is used; |

performing imaging using an infrared ray when the “second
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photosensor portion is used;

converting intensity of light detected by the first photosensor portion
or the second photosensor portion to signals;

forming from the signals a. histogram where a horizontal axis
represents a gray scale; |

counting gray scales of the histogram from the gray scales in a dark
side;

setting a gray scale which reaches a count number set in advance to a
threshold value; |

performing binarization of an image at a boundary of the threshold
value to obtain a bright portion and a dark portion; and

determining a position of an object to be detected in the display region

using an address of a pixel of the dark portion.
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EXPLANATION OF REFERENCE

100: display device, 101: pixel circuit, 102: display element
control circuit, 103: photosensor control circuit, 104: pixel, 105:
display element portion, 106a: first photosensor portion, 106b:
second photosensor portion, 107: display element driver circuit, 108:
display element driver circuit, 109: photosensor reading circuit, 110:
photosensor driver circuit, 201: transistor, 202: storage capacitor,
203: liquid crystal element, 204a: first photodiode, 204b: second
photodiode, 205: transistor, 206: transistor, 207: gate signal line, 208:
reset signal line, 209: selection signal line, 210: source signal line,
211: output signal line, 212: reference signal line, 213: gate signal
line, 300: precharge circuit, 301: transistor, 302: storage capacitor,
303: precharge signal line, 401: region, 403: region, 405: region, 411:
distribution, 413: distribution, 415: distribution, 421: distribution, 431:
region, 441: distribution, 442: distribution, 1001: substrate, 1002:
photodiode, 1004: storage capacitor, 1005: liquid crystal element,
1007: pixel electrode, 1008: liquid crystal, 1009: counter electrode,
1011: alignment film, 1012: alignment film, 1013: counter substrate,
1014: color filter, 1015: shielding film, 1016: spacer, 1017: polarizing
plate, 1018: polarizing plate, 1021: object to be detected, 1025:
external light, 1030: wiring, 1031: protective insulating film, 1032:
planarization insulating film, 1033: insulating film, 1035: signal wiring,
1041: p-type semiconductor layer, 1042: i-type semiconductor layer,
1043: n-type semiconductor layer, 1003a: transistor, 1003b,
transistor, 1003c: transistor, 1141: p-type semiconductor layer, 1142:
i-type semiconductor layer, 1143: n-type semiconductor layer, 1601:
panel, 1602: diffuser plate, 1603: prism sheet, 1604: diffuser plate,
~ 1605: light guide plate, 1606: reflector, 1607: light source, 1608:

backlight, 1609: circuit board, 1610: FPC, 1611: FPC, 1612: object to
be detected, 2015: shielding film, 5001: housing, 5002: display
portion, 5003: support base, 5101: housing, 5102: display portion,
5103: switch, 5104: operation key, 5105: infrared port, 5301: housing,
5302: housing, 5303: display portion, 5304: display portion, 5305:
microphone, 5306: speaker, 5307: operation key, 5308: stylus, 9696:
display panel.
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