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DESCRIPTION
SEMICONDUCTOR DEVICE AND METHOD FOR DRIVING THE SAME

TECHNICAL FIELD
[0001]

The technical field relates to a photosensor and a driving method thereof.  The
technical field also relates to a display device including a photosensor and a driving
method thereof.  Further, the technical field relates to a semiconductor device

including a photosensor and a driving method thereof.

BACKGROUND ART
[0002]

In recent years, a display device provided with a light-detecting sensor (also
referred to as a photosensor) has attracted attention. In the display device including a
photosensor, a display screen also serves as an input region. A display device having
an image pickup function is an example of such a display device (sec Patent Document
1, for example). |
{0003]

Examples of a semiconductor device provided with a photosensor are a CCD
image sensor and a CMOS image sensor. Such image sensors are used in, for example,
electronic apparatuses like digital still cameras or cellular phones.

[0004]

In a display device including a photosensor, first, light is emitted from the
display device. When the light enters a region where an object to be detected exists,
the light is blocked by the object to be detected, and is partly reflected. The light
reflected by the object to be detected is detected by the photosensor provided in a pixel
in the display device, whereby the object to be detected can be found in the region.
[0005]

In a semiconductor device including a photosensor, light emitted from an
object to be detected or external light reflected by the object to be detected is detected

directly by the photosensor or condensed by an optical lens or the like and then
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detected.

[Reference]

[0006]

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

DISCLOSURE OF INVENTION
[0007]

In order to take an image of an object to be detected, incident light needs to be
converted into an electric signal in a photosensor. In addition, the electric signal,
which is an analog signal in general, needs to be converted into a digital signal by an
A/D converter circuit.

[0008]

Thus, an object of the present invention is to accurately convert incident light
into an electric signal in a photosensor. Another object of the present invention is to
provide a photosensor with a new circuit configuration for achieving the above object.
[0009]

In the case of taking an image of an object to be detected which movesvfast,
there is a problem in that the image is likely to blur.  An object of the present invention
is also to solve that problem.

[0010]

In order to take an image with high resolution, an A/D converter circuit is
required to operate at high speed, leading to an increase in power consumption.

Another object of the present invention is to solve that problem.

- [0011]

Also in order to take a color image with high resolution, an A/D converter
circuit is required to operate at high speed, leading to an increase in power consumption.
Still another object of the present invention is to solve that problem.

[0012]

Moreover, in the case where faint light enters a photosensor, it is difficult to
accurately convert the light into an electric signal.  Still another object of the present
invention is to solve that problem.

[0013]
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One embodiment of the present invention is a semiconductor device including
a photosensor provided with a photodiode, a first transistor, and a second transistor.
The photodiode has a function of supplying a charge corresponding to incident light to a
gate of the first transistor, the first transistor has a function of accumulating the charge
supplied to the gate, and the second transistor has a function of retaining the charge
accumulated in the gate of the first transistor.
[0014] ,

The second transistor preferably includes an oxide semiconductor.
[0015]

The photodiode preferably includes a single crystal semiconductor.
[0016]

The photosensor includes a third transistor that controls reading of an output

signal of the first transistor.
[0017]

Another embodiment of the present invention is a semiconductor device
including a plurality of photosensors. The plurality of photosensors performs reset
operation, accumulation operation, and selection operation, and performs the reset
operation simultaneously, the accumulation operation simultaneously, and the selection
operation in sequence. Thus, in the plurality of photosensors, the reset operation is
performed at the same time, the accumulation operation is performed at the same time,
and the selection operation is performed individually. The total time for the selection
operation in all the photosensors is preferably longer than the time for the accumulation
operation.

[0018]

The semiconductor device also has a function of performing, after the reset
operation, the accumulation operation and the selection operation a plurality of times
repeatedly.

[0019]

Another embodiment of the present invention is a semiconductor device
including a plurality of photosensors and a light source of a certain color. The
plurality of photosensors performs reset operation, accumulation operation, and

selection operation, and simultaneously performs the reset operation for the certain
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color, simultaneously performs the accumulation operation for the certain color, and
sequentially performé the selection operation. Thus, in the plurality of photosensors,
the reset operation is performed at the same time, the accumulation operation is
performed at the same time, and the selection operation is performed individually.
[0020]

In the case where the certain color is a plurality of colors, the plurality of
photosensors simultaneously performs reset operation for each of the plurality of colors,
simultaneously performs accumulation operation for each of the plurality of colors, and
sequentially performs selection operation. Thus, in the plurality of photosensors, the
reset operation is performed at the same time for each color, the accumulation operation
is performed at the same time for each color, and the selection operation is performed
individually.

[0021]

In the present invention, the reset operation is operation to initialize a
photosensor, the accumulation operation is operation to accumulate a charge
corresponding to incident light in a photosensor, and the selection operation is operation
to output an electric signal from a photosensor (reading operation).

[0022]

The semiconductor device refers to an element having a semiconductor
property, and all the objects having the element. For example, a display device having
a transistor is simply referred to as a semiconductor device in some cases.

[0023]

Since one embodiment of the photosensor includes a transistor using an oxide
semiconductor, incident light can be accurately converted into an electric signal.

[0024]

In addition, since the accumulation operation is simultaneously performed in
the plurality of photosensors, the accumulation operation can be completed in a short
time, so that an image of an object to be detected can be taken with little blur even when
the object moves fast. '

[0025]

Furthermore, a transistor controlling the accumulation operation includes an

oxide semiconductor and thus has an extremely low off-current. Consequently,
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incident light can be accurately converted into an electric signal even when the number
of photosensors increases and the selection operation requires longer time. Thus, an
image with high resolution can be taken. Moreover, incident light can be accurately
converted into an electric signal even when the number of photosensors and colors
increases and the selection operation requires longer time. As a result, a color image
with high resolution can be taken.
[0026]

Moreover, faint light entering a photosensor can also be converted into an
electric signal accurately.

[0027]
Further, since the time for the selection operation can be increased, an A/D

converter circuit does not necessarily operate at high speed, which results in a reduction
in power consumption.
[0028]

That is, an image with high resolution can be taken while the power

consumption of the A/D converter circuit is reduced.

BRIEF DESCRIPTION OF DRAWINGS
[0029]
In the accompanying drawings:
FIG. 1 illustrates an example of a display device;
FIG. 2 illustrates an example of a display device;
FIG. 3 is a timing chart;
FIG. 4 is a timing chart;
FIG. § is a timing chart;
FIGS. 6A to 6D illustrate examples of a photosensor;
FIG. 7 illustrates an example of a semiconductor device;
FIG. 8 illustrates electric properties of a transistor;
FIG. 9 illustrates an example of a semiconductor device;
FIG. 10 is a timing chart;
FIG. 11 is a timing chart; and

FIG. 12 illustrates an example of a semiconductor device.
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BEST MODE FOR CARRYING OUT THE INVENTION
[0030]

Embodiments will be described in detail below with reference to drawings.
Note that the following embodiments can be implemented in many different modes, and
it is apparent to those skilled in the art that modes and details can be modified in various
ways without departing from the spirit and scope of the present invention. Therefore,
the present invention is not construed as being limited to the description of the
embodiments. Note that in all the drawings for explaining the embodiments, like
portions or portions having a similar function are denoted by like reference numerals,
and the description thereof is omitted.
[0031}
(Embodiment 1)

In this embodiment, a display device will be described with reference to FIG. 1,
FIG. 2, and FIG. 3.

[0032]
A structure of the display device will be described with reference to FIG. 1. A

display panel 100 includes a pixel circuit 101, a display element control circuit 102, and

a photosensor control circuit 103,

[0033]
The pixel circuit 101 includes a plurality of pixels 104 arranged in matrix in a

row direction and a column direction. Each of the pixels 104 includes a display
element 105 and a photosensor 106. The photosensor is not necessarily provided in
each of the pixels 104, and may be provided in every two or more pixels 104.
Alternatively, the photosensor may be provided outside the pixels 104.
[0034]

A circuit diagram of the pixel 104 will be described with reference to FIG. 2.
The pixel 104 includes the display element 105 provided with a transistor 201, a storage
capacitor 202, and a liquid crystal element 203; and the photosensor 106 provided with
a photodiode 204 which is a light-receiving element, a transistor 205, a transistor 206,
and a transistor 207.
[0035]
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In the display element 105, a gate of the transistor 201 is electrically connected
to a gate signal line 208, one of a source and a drain of the transistor 201 is electrically
connected to a video data signal line 212, and the other of the source and the drain is
electrically connected to one electrode of the storage capacitor 202 and one electrode of
the liquid crystal element 203. The other electrode of the storage capacitor 202 and the
other electrode of the liquid crystal element 203 are each kept at a constant potential.
The liquid crystal element 203 is an element including a pair of electrodes and a liquid
crystal layer interposed between the pair of electrodes.

[0036]

The transistor 201 has a function of controlling injection or release of charges
to or from the storage capacitor 202. For example, when a high potential is applied to
the gate signal line 208, the potential of the video data signal line 212 is applied to the
storage capacitor 202 and the liquid crystal element 203. The storage capacitor 202
has a function of retaining a charge corresponding to a voltage applied to the liquid
crystal element 203. The contrast (gray scale) of light passing through the liquid
crystal element 203 is made by utilizing the change in the polarization direction due to
voltage application to the liquid crystal element 203, whereby image display is realized.
As the light passing through the liquid crystal element 203, light emitted from a light
source (a backlight) on the back surface of the liquid crystal display device is used.
[0037]

For the transistor 201, an amorphous semiconductor, a microcrystal
semiconductor, a polycrystalline semiconductor, an oxide semiconductor, a single
crystal semiconductor, or the like can be used. In particular, display quality can be
increased by using an oxide semiconductor to obtain a transistor with an extremely low
off-current. |

[0038]
Although the display element 105 described here includes the liquid crystal

element, the display element 105 may include other elements such as a light-emitting
element. The light-emitting element is an element whose luminance is controlled with
current or voltage, and specific examples thereof are a light-emitting diode and an
OLED (organic light-emitting diode).

[0039]
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In the photosensor 106, one electrode of the photodiode 204 is electrically
connected to a photodiode reset signal line 210, and the other electrode thereof is
electrically connected to one of a source and a drain of the transistor 207. One of a
source and a drain of the transistor 205 is electrically connected to a photosensor
reference signal line 213, and the other of the source and the drain is electrically
connected to one of a source and a drain of the transistor 206. A gate of the transistor
206 is electrically connected to a gate signal line 211, and the other of the source and
the drain of the transistor 206 is electrically connected to a photosensor output signal
line 214. A gate of the transistor 207 is electrically connected to a gate signal line 209,
and the other of the source and the drain of the transistor 207 is electrically connected to
a gate of the transistor 205.

[0040)

For the photodiode 204, an amorphous semiconductor, a microcrystal
semiconductor, a polycrystalline semiconductor, ‘an oxide semiconductor, a single
crystal semiconductor, or the like can be used. In particular, a single crystal
semiconductor (e.g., single crystal silicon) with few crystal defects is preferably used so
as to improve the proportion of an electric signal generated from incident light (the
quantum efficiency). As the semiconductor material, it is preferable to use silicon
semiconductor such as silicon or silicon germanium, the crystallinity of which can be
easily increased.

[0041]

For the transistor 205, an‘ amorphous semiconductor, a microcrystal
semiconductor, a polycrystalline semiconductor, an oxide semiconductor, a single
crystal semiconductor, or the like can be used. In particular, a single crystal
semiconductor is preferably used for the transistor 205 so that the transistor 205 has
high mobility and has a function of converting a charge supplied from the photodiode
204 into an output signal.  As the semiconductor material, it is preferable to use silicon
semiconductor such as silicon or silicon germanium, the crystallinity of which can be
easily increased.

[0042]

For the transistor 206, an amorphous semiconductor, a microcrystal

semiconductor, a polycrystalline semiconductor, an oxide semiconductor, a single
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crystal semiconductor, or the like can be used. In particular, a single crystal

semiconductor is preferably used for the transistor 206 so that the transistor 206 has

high mobility and has a function of supplying an output signal of the transistor 205 to

the photosensor output signal line 214.  As the semiconductor material, it is preferable .
to use silicon semiconductor such as silicon or silicon germanium, the crystallinity of
which can be easily increased.

[0043]

For the transistor 207, an amorphous semiconductor, a microcrystal
semiconductor, a polycrystalline semiconductor, an oxide semiconductor, a single
crystal semiconductor, or the like can be used. - In particular, an oxide semiconductor is
preferably used for the transistor 207 so that the transistor 207 has an extrémely low
off-current and has a function of retaining a charge of the gate of the transistor 205.
When plural kinds of transistors are thus disposed in accordance with the functions
necessary for the transistors, the performance of the photosensor can be improved.
[0044]

The display element control circuit 102 is a circuit for controlling the display
element 105, and includes a display element driver circuit 107 from which a signal is
input to the display element 105 through a signal line (also referred to as a source signal
line) such as the video data signal line; and a display element driver circuit 108 from
which a signal is input to the display element 105 through a scan line (also referred to as
a gate signal line). For example, the display element driver circu_it 108 electrically
connected to the scan line has a function of selecting a display element included in a
pixel in a specified row. The display element driver circuit 107 electrically connected
to the signal line has a function of supplying a predetermined potential to a display
element included in a pixel in a selected row. Note that in the display element
connected to the gate signal line to which a high potential is applied from the display
element driver circuit 108, the transistor is turned on and supplied with a potential
applied to the video data signal line from the display element driver circuit 107.

[0045]

The photosensor control circuit 103 is a circuit for controlling the photosensor

106, and includes a photosensor reading circuit 109 electrically connected to the signal

line such as the photosensor output signal line or the photosensor reference signal line;
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and a photosensor driver circuit 110 electrically connected to the scan line.
[0046]

The photosensor driver circuit 110 has a function of performing the hereinafter
described reset operation, accumulation operation, and selection operation on the
photosensor 106 included in a pixel in a specified row.

[0047]

The photosensor reading circuit 109 has a function of extracting an output
signal of the photosensor 106 included in a pixel in a selected row. Note that from the
photosensor reading circuit 109, an output of the photosensor 106, which is an analog
signal, is extracted as it is to the outside of the display panel with the use of an OP
amplifier. Alternatively, the output of the photosensor 106 is converted into a digital
signal with the use of an A/D converter circuit and then extracted to the outside of the
display panel.

[0048]

A precharge circuit included in the photosensor reading circuit 109 will be
described with reference to FIG. 2. In FIG. 2, a precharge circuit 200 for one column
of pixels includes a transistor 216 and a precharge signal line 217. Note that the
photosensor reading circuit 109 may include an OP amplifier or an A/D converter circuit
connected to a subsequent stage of the precharge circuit 200.

[0049]

In the precharge circuit 200, before the operation of the photosensor in the
pixel, the potential of the photosensor output signal line 214 is set to a reference
potential. In FIG. 2, the precharge signal line 217 is set to “L (Low)” so that the
transistor 216 is turned on, whereby the potential of the photosensor output signal line
214 can be set to a reference potential (here, a high potential). Note that it is effective
to provide a storage capacitor for the photosensor output signal line 214 so that the
potential of the photosensor output signal line 214 is stabilized. Note that the
reference potential may be set to a low potential. In that case, the conductivity type of
the transistor 216 is made opposite to that of FIG. 2 and the precharge signal line 217 is
set to “H (High)”, whereby the potential of the photosensor output signal line 214 can
be set to a reference potential.

[0050]



10

15

20

25

30

11

Next, the operation of the photosensor 106 will be described with reference to
the timing chart of FIG. 3. In FIG. 3, a signal 301, a signal 302, a signal 303, a signal
304, a signal 305, and a signal 306 correspond to the potentials of the photodiode reset
signal line 210, the gate signal line 209, the gate signal line 211, the gate signal line 215,
the photosensor output signal line 214, and the precharge signal line 217, respectively.
[0051]

At time A, the potential of the photodiode reset signal line 210 (the signal 301)
is set to “H” and the potential of the gate signal line 209 (the signal 302) is set to “H”
(reset operation is started); then, the photodiode 204 is turned on and the potential of the

. gate signal line 215 (the signal 304) becomes “H”. When the potential of the

precharge signal line 217 (the signal 306) is “L”, the potential of the photosensor output
signal line 214 (the signal 305) is precharged to “H”.
[0052]

At time B, the potential of the photodiode reset signal line 210 (the signal 301)
is set to “L” and the potential of the gate signal line 209 (the signal 302) is kept at “H”
(the reset operation is completed and accumulation operation is started); then, the
potential of the gate signal line 215 (the signal 304) is started to be lowered because of
the off-current of the photodiode 204. Since the off-current of the photodiode 204
increases as light enters, the potential of the gate signal line 215 (the signal 304)
changes depending on the amount of incident light. In other words, the photodiode
204 has a function of supplying a charge in accordance with the incident light to the
gate of the transistor 205. Then, the channel resistance between the source and the
drain of the transistor 205 changes.

[0053]
At time C, the potential of the gate signal line 209 (the signal 302) is set to “L”

(the accumulation operation is completed); then, the potential of the gate signal line 215
(the signal 304) becomes constant. This potential is determined by the charge that has
been supplied to the gate signal line 215 from the photodiode 204 during the
accumulation operation. That is, the amount of charge accumulated in the gate of the
transistor 205 changes depending on the light entering the photodiode 204. In addition,
the transistor 207 uses an oxide semiconductor so as to have an extremely low

off-current; consequently, the accumulated charge can be kept constant until the
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subsequent selection operation.
[0054]

At time D, the potential of the gate signal line 211 (the signal 303) is set to “H”
(the selection operation is started); then, the transistor 206 is turned on and electrical
conduction is established between the photosensor reference signal line 213 and the
photosensor output signal line 214 through the transistor 205 and the transistor 206.
Then, the potential of the photosensor output signal line 214 (the signal 305) is lowered.
Note that before the time D, the potential of the precharge signal line 217 (the signal
306) is set to “H” so that the precharge of the photosensor output signal line 214 is
completed. Here, the rate at which the potential of the photosensor output signal line
214 (the signal 305) is lowered depends on the current between the source and the drain
of the transistor 205, namely, the amount of light irradiated to the photodiode 204
during the accumulation operation.

[0055]

At time E, the potential of the gate signal line 211 (the signal 303) is set to “L”
(the selection operation is completed); then, the transistor 206 is turned off and the
potential of the photosensor output signal line 214 (the signal 305) becomes constant.
The constant value here changes depending on the amount of light irradiated to the
photodiode 204. Thus, the amount of light entering the photodiode 204 during the
accumulation operation can be determined by obtaining the potential of the photosensor
output signal line 214.

[0056]

In the above manner, the operation of individual photosensors is realized by
repeatedly performing the reset operation, the accumulation operation, and the selecting
operation. The transistor 207 controlling the accumulation operation preferably uses
an oxide semiconductor to have an extremely low off-current as described above.
With such a circuit configuration, the function of retaining the charge accumulated in
the gate of the transistor 205 can be improved. Accordingly, incident light can be
accurately converted into an electric signal in the photosensor 106.

[0057]
Although the display device including the photosensor is described in this

embodiment, this embodiment can be easily applied to a semiconductor .device
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including the photosensor. That is, a semiconductor device can be formed by
removing circuits necessary for display, specifically the display element control circuit
102 and the display element 105, from the display device in this embodiment. An
example of the semiconductor device is an image sensor.
[0058]

This embodiment can be implemented in appropriate combination with the
other embodiments.
[0059]
(Embodiment 2)

In this embodiment, a method for driving a plurality of photosensors will be

described.

[0060]
First, a driving method illustrated in the timing chart of FIG. 4 is described. In

FIG. 4, a signal 401, a signal 402, and a signal 403 are signals showing a potential
change of the photodiode reset signal line 210 in a photosensor of the first row, the
second row, and the third row, respectively. A signal 404, a signal 405, and a signal
406 are signals showing a potential change of the gate signal line 209 in the photosensor
of the first row, the second row, and the third row, respecﬁvely. A signal 407, a signal
408, and a signal 409 are signals showing a potential change of the gate signal line 211
in the photosensor of the first row, the second row, and the third row, respectively. A
period 410 is a period required for one imaging. A period 411 is a period during which
the reset operation is performed in the photosensor of the second row, a period 412 is a
period during which the accumulation operation is performed in the photosensor of the
second row, and a period 413 is a period during which the selection operation is
performed in the photosensor of the second row. By thus sequentially driving the
photosensor of each row, images can be taken.

[0061]

It is found here that the accumulation operation in the photosensor of each row
has a time lag. That is, imaging in the photosensor of each row is not performed
simultaneously, leading to blurring of the image taken. In particular, an image of an
object to be detected which moves fast is easily taken to have a distorted shape: if the

object to be detected moves in a direction from the first row to the third row, an
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enlarged image is taken leaving a trail behind it; and if the object to be detected moves
in the opposite direction, a reduced image is taken.
[0062]

In order to prevent the time lag of the accumulation operation in the
photosensor of each row, it is effective that the photosensor of each row is sequentially
driven in a shorter cycle. In that case, however, the output signal of the photosensor
needs to be obtained at very high speed with an OP amplifier or an AD converter circuit,
which causes an increase in power consumption, and makes it very difficult to obtain an
image with high resolution, in particular.

[0063]

Thus, a driving method illustrated in the timing chart of FIG. § is proposed. In
FIG. 5, a signal 501, a signal 502, and a signal 503 are signals showing a potential
change of the photodiode reset signal line 210 in the photosensor of the first row, the
second row, and the third row, respectively. A signal 504, a signal 505, and a signal

506 are signals showing a potential change of the gate signal line 209 in the photosensor

. of the first row, the second row, and the third row, respectively. A signal 507, a signal

508, and a signal 509 are signals showing a potential change of the gate signal line 211
in the photosensor of the first row, the second row, and the third row, respectively. A
period 510 is a period required for one imaging. A period 511 is a period during which
the reset operation (at the same time in all the rows) is performed in the photosensor of
the second row, a period 512 is a period during which the accumulation operation (at the
same time in all the rows) is performed in the photosensor of the second row, and a
period 513 is a period during which the selection operation is performed in the
photosensor of the second row.

[0064]

FIG. 5 is different from FIG. 4 in that the reset operation and the accumulation
operation are each performed in the same period in the photosensors of all the rows, and
after the accumulation operation, the selection operation is sequentially performed in
each row without synchronization with the accumulation operation. When the
accumulation operation is performed in the same period, imaging in the photosensor of
each row is performed simultaneously and an image of an object to be detected can be

easily taken with little blur even when the object moves fast.  Since the accumulation
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operation is performed at the same time, a driver circuit can be provided in common for
the photodiode reset signal line 210 of each photosensor. Further, a driver circuit can
also be provided in common for the gate signal line 209 of each photosensor. Such
driver circuits provided in common are effective in reducing the number of peripheral
circuits or reducing power consumption. In addition, the selection operation
sequentially performed in each row makes it possible to lower the operation rate of an
OP amplifier or an A/D converter circuit when the output signal of the photosensor is
obtained. At this time, the total time for the selection operation is preferably longer
than the time for the accumulation operation, which is particularly effective in the case
of obtain.ing an image with high resolution.

[0065]
Note that FIG. 5 illustrates the timing chart of the method for sequentially

driving the photosensor of each row; it is also effective to sequentially drive the
photosensor only in a certain row in order to obtain an image in a specified region. As
a result, a desired image can be obtained while the operation and power consumption of
the OP amplifier or the A/D converter circuit are reduced. Further, a method for
driving the photosensor of every few rows, namely, some of a plurality of photosensors,
is also effective. As a result, an image with desired resolution can be obtained while
the operation and power consumption of the OP amplifier or the A/D converter circuit

are reduced.

[0066]
In order to realize the aforementioned driving method, the potential of the gate

signal line 215 in each photosensor needs to be kept constant even after the
accumulation operation is completed. Thus, the transistor 207 preferably uses an
oxide semiconductor to have an extremely low off-current as described in FIG. 2.

[0067]

In the aforementioned manner, it is possible to provide a low-power
consumption display device or semiconductor device which allows a high-resolution of
an object to be detected to be taken image with little blur even when the object moves
fast.

[0068]

This embodiment can be implemented in appropriate combination with the
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other embodiments.
[0069]
(Embodiment 3)

In this embodiment, a method for driving a plurality of photosensors, which is
an example different from that in Embodiment 2, will be described.
[0070]

First, a driving method illustrated in the timing chart of FIG. 10 is described.
In FIG. 10, a signal 701, a signal 702, and a signal 703 are signals showing a potential
change of the photodiode reset signal line 210 in a photosensor of the first row, the
second row, and the third row, respectively. A signal 704, a signal 705, and a signal
706 are signals showing a potential change of the gate signal line 209 in the photosensor
of the first row, the second row, and the third row, respectively. A signal 707, a signal
708, and a signal 709 are signals showing a potential change of the gate signal line 211
in the photosensor of the first row, the second row, and the third row, respectively. A
period 710 is a period required for one imaging. A period 711 is a period during which
reset operation is performed in the photosensor of the second row, a period 712 is a
period during which first accumulation operation is performed in the photosensor of the
second row, a period 713 is a period during which first selection operation is performed
in the photosensor of the second row, a period 714 is a period during which second
accumulation operation is performed in the photosensor of the second row, and a period
715 is a period during which second selection operation is performed in the photosensor
of the second row. By performing the second selection operation, it is possible to find
the amount of light entering the photodiode 204 in a period from the starting of the first
accumulation operation to the end of the second accumulation operation.
Consequently, even faint light can be accurately converted into an electric signal by
repeatedly performing the accumulation operation and the selection operation a plurality
of times. By thus sequentially driving the photosensor of each row, images can be
taken. '
[0071]

In the timing chart of FIG. 10, it is found that the first accumulation operation
and the second accumulation operation in the photosensor of each row have a time lag.

That is, imaging in the photosensor of each row is not performed simultaneously,
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leading to blurring of the image taken. In particular, an image of an object to be
detected which moves fast is easily taken to have a distorted shape: if the object to be
detected moves in a direction from the first row to the third row, an enlarged image is
taken leaving a trail behind it; and if the object to be detected moves in the opposite
direction, a reduced image is taken.

[0072]

In order to prevent the time lag of the first accumulation operation and the
second accumulation operation in the photosensor of each row, it is effective that the
photosensor of each row is sequentially driven in a shorter cycle. In that case, however,
the output signal of the photosensor needs to be obtained at very high speed with an OP
amplifier or an AD converter circuit, which causes an increase in power consumption,
and makes it very difficult to obtain an image with high resolution, in particular.

[0073]

Thus, a driving method illustrated in the timing chart of FIG. 11 is proposed.
In FIG. 11, a signal 801, a signal 802, and a signal 803 are signals showing a potential
change of the photodiode reset signal line 210 in a photosensor of the first row, the
second row, and the third row, respectively. A signal 804, a signal 805, and a signal
806 are signals showing a potential change of the gate signal line 209 in the photosensor
of the first row, the second row, and the third row, respectively.. A signal 807, a signal
808, and a signal 809 are signals showing a potential change of the gate signal line 211
in the photosensor of the first row, the second row, and the third row, respectively. A
period 810 is a period required for one imaging. A period 811 is a period during which
reset operation (at the same time in all the rows) is performed in the photosensor of the
second row, a period 812 is a period during which first accumulation operation (at the
same time in all the rows) is performed in the photosensor of the second row, a period
813 is a period during which first selection operation is performed in the photosensor of
the second row, a period 814 is a period during which second accumulation operation
(at the same time in all the rows) is performed in the photosensor of the second row, and
a period 815 is a period during which second selection operation is performed in the
photosensor of the second row.

[0074]
FIG. 11 is different from FIG. 10 in that the reset operation, the first
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accumulation operation, and the second accumulation operation are each performed in
the same period in the photosensors of all the rows, and after the first accumulation
operation, the first selection operation is sequentially performed in each row without
synchronization with the first accumulation operation, and after the second
accumulation operation, the second selection operation is sequentially performed in
each row without synchronization with the second accumulation operation. When the
first accumulation operation and the second accumulation operation are each performed
in the same period, imaging in the photosensor of each row is performed simultaneously
and an image of an object to be detected can be easily taken with little blur even when
the object moves fast. Since the accumulation operation is performed at the same time,
a driver circuit can be provided in common for the photodiode reset signal line 210 of
each photosensor. Further, a driver circuit can also be provided in common for the
gate signal line 209 of each photosensor. Such driver circuits provided in common are
effective in reducing the number of peripheral circuits or reducing power consumption.
In addition, since the first selection operation is performed without synchronization with
the first accumulation operation and the second selection operation is performed without
synchronization with the second accumulation operation, the operation rate of an OP -
amplifier or an A/D converter circuit can be further reduced when the output signal of
the photosensor is obtained. = At this time, the total time for the selection operation is
preferably longer than the time from the starting of the first accumulation operation to
the end of the second accumulation operation, which is particularly effective in the case
of obtaining an image with high resolution from faint light.

[0075]

Note that FIG. 11 illustrates the timing chart of the method for sequentially
driving the photosensor of each row; it is also effective to sequentially drive the
photosensor only in a certain row in order to obtain an image in a specified region. As
a result, a desired image can be obtained while the operation and power consumption of
the OP amplifier or the A/D converter circuit are reduced. Further, a method for
driving the photosensor of every few rows, namely, some of a plurality of photosensors,
is also effective. As a result, an image with desired resolution can be obtained while
the operation and power consumption of the OP amplifier or the A/D converter circuit

are reduced.
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[0076]

In order to realize the aforementioned driving method, the potential of the gate
signal line 215 in each photosensor needs to be kept constant even after the
accumulation operation is completed. Thus, the transistor 207 preferably uses an
oxide semiconductor to have an extremely low off-current as described in FIG. 2.

[0077]

Although the display device including the photosensor is described in this
embodiment, this embodiment can be easily applied to a semiconductor device
including the photosensor. That is, a semiconductor device can be formed by
removing circuits necessary for display, specifically the display element control circuit
102 and the display element 105, from the display device in this embodiment.

[0078]

In the aforementioned manner, it is possible to provide a low-power
consumption display device or semiconductor device which allows an image of an
object to be detected to be taken with little blur even when the object moves fast and
which allows a high resolution image to be taken even when faint light enters.

[0079]

This embodiment can be implemented in appropriate combination with the
other embodimentls.
[0080]
(Embodiment 4)

In this embodiment, a method for taking a color image with the use of a
plurality of photosensors will be described.
[0081]

A color image can be taken by using, for example, a color filter, a so-called
color filter method. In this method, light emitted to an object to be detected or light
reflected by the object to be detected passes through a color filter and enters a
photodiode as light of a certain color (e.g., red (R), green (G), or blue (B)), whereby the
amount of light of each color can be found. A color gradation image can be produced
in accordance with the amount of light of each color. |

[0082]

In the color filter method, however, the amount of light emitted to an object to



10

15

20

25

30

20

be detected or light reflected by the object to be detected is significantly reduced when
the light passes through a color filter. Accordingly, in order to obtain a sufficient
amount of light entering a photodiode, more intense light needs to be emitted to the
object to be detected, which causes a considerable increase in the power consumption of
a display device. In addition, the photodiode is required to have much higher

performance, leading to an increase in manufacturing cost.

- [0083]

Thus, in this embodiment, a field sequential method is used. Reset operation
and accumulation operation are performed while light of a certain color (e.g., red (R),
green (G), or blue (B)) is emitted from a light source (a backlight), so that light of the
color reflected by an object to be detected is detected by a photosensor. After the
accumulation operation of each color is completed, selection operation is sequentially
performed in all photosensors, whereby a color image can be taken.

[0084]
Such a driving method is described with reference to the timing chart of FIG. 5.

A difference from Embodiment 2 is that a specified color (here, red (R)) is detected by a
photosensor of each row. That is, the signal 501, the signal 502, and the signal 503 are
signals showing a potential change of the photodiode reset signal line 210 in a
photosensor for detecting red (R) light. The signal 504, the signal 505, and the signal
506 are signals showing a potential change of the gate signal line 209 in the photosensor
for detecting red (R) light. The signal 507, the signal 508, and the signal 509 are
signals showing a potential change of the gate signal line 211 in the photosensor for
detecting red (R) light. The period 510 is the period required for one imaging of red
(R) light. The period 511 is a period during which the reset operation (at the same
time in all the rows) is performed in the photosensor for detecting red (R) light, the
period 512 is a period during which the accumulation operation (at the same time in all
the rows) is performed in the photosensor for detecting red (R) light, and the period 513
is a period during which the selection operation is performed in the photosensor for
detecting red (R) light.
[0085]

FIG. 5 is characterized in that the reset operation and the accumulation

operation are each performed in the same period in the photosensors for detecting red
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(R) of all the rows, and aftef the accumulation operation, the selection operation is
sequentially performed in each row without synchronization with the accumulation
operation. When the accumulation operation is performed in the same period, imaging
in the photosensor for detecting red (R) of each row is performed simultaneously and an
image of an object to be detected can be easily taken with little blur even when the
object moves fast. Since the accumulation operation is performed at the same time, a
driver circuit can be provided in common for the photodiode reset signal line 210 of
each photosensor. Further, a driver circuit can also be provided in common for the
gate signal line 209 of each photosensor. Such driver circuits provided in common are
effective in reducing the number of peripheral circuits or reducing power consumption.
In addition, the selection operation sequentially performed in each row makes it
possible to lower the operation rate of an oP amplifier or an A/D converter circuit when
the output signal of the photosensor is obtained. At this time, the total time for the
selection operation is preferably longer than the total time for the accumulation
operation, which is particularly effective in the case of obtaining an image with high
resolution.

[0086]

When the above driving method is applied to other specified colors (e.g., green
(G) or blue (B)), an image of plural colors can be taken. In the case of taking an image
of plural colors, the total time for the accumulation operation is increased; therefore,
imaging time can be reduced by employing the aforementioned structure in which the
accumulation operation is performed simultaneously. Note that there is no limitation
on the order of colors on which each operation is performed.

[0087]

Note that FIG. 5 illustrates the timing chart of the method for sequentially
driving the photosensor for detecting a certain color (e.g., red (R), green (G), or blue
(B)) of each row; it is also effective to sequentially drive the photosensor only in a
certain row in order to obtain an image in a specified region. As a result, a desired
image can be obtained while the operation and power consumption of the OP amplifier
or the A/D converter circuit are reduced.  Further, a method for driving the photosensor
of every few rows is also effective. As a result, an image with desired resolution can

be obtained while the operation and power consumption of the OP amplifier or the A/D
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converter circuit are reduced.
[0088]

In order to realize the aforementioned driving method, the potential of the gate
signal line 215 in each photosensor needs to be kept constant even after the
accumulation operation is completed. Thus, the transistor 207 preferably uses an
oxide semiconductor to have an extremely low off-current as described in FIG. 2.

[0089]

In the driving method illustrated in FIG. 5, the selection operation may be
performed after the reset operation and the accumulation operation are performed in all
the photosensors for detecting the specified colors (e.g., red (R), green (G), and blue
(B)) of each row. For example, one imaging is performed in the following order: the
reset operation and accumulation operation of red (R), the reset operation and
accumulation operation of green (G), the reset operation and accumulation operation of
blue (B), the selection operation of red (R), the selection operation of green (G), and the
selection operation of blue (B). There is no limitation on the order of colors on which
each operation is performed.

[0090]

Since the accumulation operation of all the colors is performed in a short time,
simultaneity of imaging in the photosensors for detecting all the colors is ensured and
an image of an object to be detected can be easily taken with little blur even when the
object moves fast. Further, a driver circuit can be provided in common for driving the
photodiode reset signal line 210 of the photosensor for detecting each color, and a driver
circuit can be provided in common for driving the gate signal line 209 of the
photosensor for detecting each color, which is effective in reducing the number of
peripheral circuits  or reducing power consumption. In addition, since the selection
operation is performed without synchronization with the accumulation operation, the
operation rate of an OP amplifier or an A/D converter circuit can be further reduced
when the output signal of the photosensor is obtained, which is particularly effective in
the case of obtaining a color image with high resolution.

[0091]
Although the display device including the photosensor is described in this

embodiment, this embodiment can be easily applied to a semiconductor device
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including the photosensor. The backlight corresponds to an imaging auxiliary light
source such as a flashlight in the case where an image is taken with a semiconductor
device such as a digital still camera or a cellular phone.
[0092]

In the aforementioned manner, it is possible to provide a low-power
consumption display device or semiconductor device which allows a high-resolution
color image of an object to be detected to be taken with little blur even when the object

moves fast.
[0093]

This embodiment can be implemented in appropriate combination with the
other embodiments.
[0094]
(Embodiment 5)

In this embodiment, a modified example of the circuit configuration of the
photosensor 106 in FIG. 2 will be described.

[0095]

FIG. 6A illustrates a configuration in which the gate of the transistor 205 in FIG.
2 is connected to a transistor 601 for controlling the reset operation of the photosensor.
Specifically, one of a source and a drain of the transistor 601 is electrically connected to
the photosensor reference signal line 213 and the other thereof is electrically connected
to the gate of the transistor 205. One electrode of the photodiode 204 is electrically
connected to a wiring to which a predetermined potential (e.g., a ground potential) is
applied.
[0096]

For the transistor 601, an amorphous semiconductor, a microcrystal
semiconductor, a polycrystalline semiconductor, an oxide semiconductor, a single
crystal semiconductor, or the like can be used. In particular, an oxide semiconductor is
preferably used for the transistor 601 so that the transistor 601 has a low off-current and
a charge of the gate of the transistor 205 is prevented from being released through the
transistor 601 after the reset operation.

[0097]

FIG. 6B illustrates a configuration in which the transistor 205 and the transistor
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206 are connected in a manner opposite to that in FIG. 6A. Specifically, one of the
source and the drain of the transistor 205 is electrically connected to the photosensor
output signal line 214, and one of the source and the drain of the transistor 206 is
electrically connected to the photosensor reference signal line 213.
[0098]

FIG. 6C illustrates a configuration in which the transistor 206 is omitted from

the configuration in FIG. 6A. Specifically, one of the source and the drain of the

“transistor 205 is electrically connected to the photosensor reference signal line 213 and

the other thereof is electrically connected to the photosensor output signal line 214.
[0099]

Note that in FIGS. 6A to 6C, one of the source and the drain of the transistor
601 may be electrically connected to a wiring different from the photosensor reference
signal line 213. '

[0100]
In FIG. 6D, one of the source and the drain of the transistor 601 in FIG 6C is

electrically connected to the photosensor output signal line 214 and the other thereof is
electrically connected to the gate of the transistor 205.
[0101]

In FIGS. 6A to 6D, when the transistor 207 uses an oxide semiconductor to
have a lower off-current, the charge accumulated in the gate of the transistor 205 can be

kept constant.

[0102]
In FIGS. 6A to 6D, the two electrodes of the photodiode 204 may be connected

in a manner opposite to each other depending on the circuit configuration of the
photosensor.
[0103]

This embodiment can be implemented in appropriate combination with the
other embodiments.
[0104]
(Embodiment 6)

In this embodiment, a structure and manufacturing method of a semiconductor

device including a photosensor will be described. FIG. 7 is a cross-sectional view of a
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semiconductor device. Note that the following semiconductor device can be applied to
a display device.
[0105]

In FIG. 7, a photodiode 1002, a transistor 1003, and a transistor 1004 are
provided over a substrate 1001 having an insulating surface. The photodiode 1002, the
transistor 1003, and the transistor 1004 are cross-sectional views of the photodiode 204,
the transistor 205, and the transistor 207, respectively, in FIG. 2 and FIGS. 6A to 6D.
Light 1202 emitted from an object to be detected 1201, external light 1202 reflected by
the object to be detected 1201, or light 1202 emitted from the inside of the device and
reflected by the object to be detected 1201 enters the photodiode 1002. An object to
be detected may be provided on the substrate 1001 side.

[0106]

The substrate 1001 can be an insulating substrate (e.g., a glass substrate or a
plastic substrate), the insulating substrate on which an insulating film (e.g., a silicon
oxide film or a silicon nitride film) is formed, a semiconductor substrate (e.g., a silicon
substrate) on which the insulating film is formed, or a metal substrate (e.g., an
aluminum substrate) on which the insulating film is formed.

[0107]

The photodiode 1002 is a lateral-junction PIN diode and includes a
semiconductor film 1005. The semiconductor film 1005 includes a region having
p-type conductivity (a p-layer 1021), a region having i-type conductivity (i-layer 1022),
and a region having n-type conductivity (n-layer 1023). Note that the photodiode 1002
may be a PN diode.

[0108] '

The lateral-junction PIN or PN diode can be formed by adding a p-type
impurity and an n-type impurity to predetermined regions of the semiconductor film
1005. |
[0109] ‘

A single crystal semiconductor (e.g., single crystal silicon) with few crystal
defects is preferably used for the photodiode 1002 so as to improve the proportion of an
electric signal generated from incident light (the quantum efficiency).

[0110]
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The transistor 1003 is a top-gate thin film transistor and includes a
semiconductor film 1006, a gate insulating film 1007, and a gate electrode 1008.

[o111]

The transistor 1003 has a function of converting a charge supplied from the
photodiode 1002 into an output signal. Therefore, a single crystal semiconductor (e.g.,
single crystal silicon) is preferably used for the semiconductor film 1006 to obtain a
transistor with high mobility.

[0112] '

An example of forming the semiconductor film 1005 and the semiconductor
film 1006 with the use of a single crystal semiconductor will be described. A damaged
region is formed at a desired depth of a single crystal semiconductor substrate (e.g., a
single crystal silicon substrate) by ion irradiation or the like. The single crystal
semiconductor substrate and the substrate 1001 are bonded to each other with an
insulating film interposed therebetween; then, the single crystal semiconductor substrate
is split along the damaged region, whereby a semiconductor film is formed over the
substrate 1001. The semiconductor film is processed (patterned) into a desired shape
by etching or the like, so that the semiconductor film 1005 and the semiconductor film
1006 are formed.  Since the semiconductor film 1005 and the semiconductor film 1006
can be formed in the same process, cost reduction can be realized. In this manner, the
photodiode 1002 and the transistor 1003 can be formed on the same surface.

[0113] |

Note that an amorphous semiconductor, a microcrystal semiconductor, a
polycrystalline semiconductor, an oxide semiconductor, or the like can also be used for
the semiconductor film 1005 and the semiconductor film 1006. In particular, a single
crystal semiconductor is preferably used to obtain a transistor with high mobility. As
the semiconductor material, it is preferable to use silicon semiconductor such as silicon
or silicon germanium, the crystallinity of which can be easily increased.

[0114]

Here, the semiconductor film 1005 is preferably made thick in order to improve
the quantum efficiency of the photodiode 1002. Further, the semiconductor film 1006
is preferably made thin in order to improve the electrical properties such as the S value

of the transistor 1003. In that case, the semiconductor film 1005 is only required to be
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made thicker than the semiconductor film 1006.
[0115]

A crystal semiconductor is also preferably used for the transistor 206 in FIG. 2
and FIGS. 6A to 6D so as to 6btain a transistor with high mobility. By using the same
semiconductor material as the transistor 1003, the transistor 206 can be formed in the
same process as the transistor 1003, resulting in cost reduction.

[0116]

Note that the gate insulating film 1007 is formed as a single layer or stacked
layers using a silicon oxide film, a silicon nitride film, or the like. The gate insulating
film 1007 may be formed by plasma CVD or sputtering.

[0117]
Note that the gate electrode 1008 is formed as a single layer or stacked layers

using a metal material such as molybdenum, titanium, chromium, tantalum, tungsten,
aluminum, copper, neodymium, or scandium, or an alloy material including any of these
materials as a main component. The gate electrode 1008 may be formed by sputtering
Or vacuum evaporation.

[0118]

The photodiode 1002 can have a stacked structure of a p-layer, an i-layer, and
an n-layer instead of the lateral-junction structure. The transistor 1003 can be a
bottom-gate transistor, and can have a channel-stop structure or a channel-etched
structure.,

[0119]

Note that as illustrated in FIG. 9, a light-blocking film 1301 may be provided
under the photodiode 1002, so that light other than light to be detected can be blocked.
A light-blocking film may be provided over the photodiode 1002. In that case, a
light-blocking film can be provided, for example, over a substrate 1302 opposite to the
substrate bl 001 provided with the photodiode 1002.

[0120]

The case of driving with the field sequential method shown in Embodiment 4
will be described.  As illustrated in FIG. 12, light 1102 of a certain color (e.g., red (R),
green (G), or blue (B)) is sequentially emitted from a light 1101 (a backlight or a
flashlight). The light 1102 is emitted to the object to be detected 1201 and reflected by
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the object to be detected 1201. Reflected light 1104 enters the photodiode 1002. Ina
photosensor including the photodiode 1002, reset operation and accumulation operation
are performed to detect the light 1104.  After the accumulation operation of each color
is completed, selection operation is sequentially performed in all the photosensors,
whereby a color image can be taken.

[0121]

Also in FIG. 12, the light-blocking film 1301 may be provided under the
photodiode 1002, so that the light 1102 from the light 1101 does not directly enter the
photodiode 1002.

[0122]

In the structure illustrated in FIG. 12, the object to be detected 1201 is provided
on the substrate 1302 side opposite to the substrate 1001 provided with the photodiode
1002, and an image thereof is taken; it is also possible to employ another structure in -
which an object to be detected is provided on the substrate 1001 side provided with the
photodiode 1002, and an image thereof is taken. In the latter case, for example, the
light 1101 may be provided on the substrate 1302 side and the light-blocking film 1301
may be provided over the photodiode 1002. '

[0123] '

In FIG. 7, the transistor 1004 is a bottom-gate inverted-staggered thin film
transistor and includes a gate electrode 1010, a gate insulating film 1011, a
semiconductor film 1012, an electrode 1013, and an electrode 1014. An insulating
film 1015 is provided over the transistor 1004. Note that the transistor 1004 may be a
top-gate transistor.

[0124]

A feature of the structure is that the transistor 1004 is formed over the
photodiode 1002 and the transistor 1003 with an insulating film 1009 interposed
therebetween. When the transistor 1004 and the photodiode 1002 are formed on
different layers in this manner, the area of the photodiode 1002 can be increased to
increase the amount of light received by the photodiode 1002.

[0125] .

Furthermore, part or the whole of the transistor 1004 is preferably formed to

overlap with either the n-layer 1023 or the p-layer 1021 of the photodiode 1002. This
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is because the area of the photodiode 1002 can be increased and the overlapping area of
the transistor 1004 and the i-layer 1022 can be made as small as possible so that light
can be received efficiently. Also in the case of a PN diode, a smaller overlapping area
of the transistor 1004 and a PN junction enables efficient light reception.

[0126]

The function of the transistor 1004 is to accumulate an output signal of the
photodiode 1002 as a charge in the gate of the transistor 1003 and retain the charge.
Therefore, the semiconductor film 1012 preferably uses an oxide semiconductor to have
an extremely low off-current.

[0127]
It is also preferable that the transistor 601 in FIGS. 6A to 6D use an oxide

semiconductor to have an extremely low off-current. By using the same
semiconductor material as the transistor 1004, the transistor 601 can be formed in the

same process as the transistor 1004, resulting in cost reduction. Note that for each of

‘the aforementioned semiconductor elements, a thin film semiconductor or a bulk

semiconductor may be used.
[0128]

An example of forming the semiconductor film 1012 using an oxide
semiconductor will be shown below. ‘

[0129]

One of the factors that increase the off-current of a transistor is an impurity
such as hydrogen (e.g., hydrogen, water, or a hydroxyl group) contained in an oxide
semiconductor. Hydrogen or the like might be a carrier supplier (a donor) in an oxide
semiconductor, which causes electric current even in the off state. That is, an oxide
semiconductor containing a large amount of hydrogen or the like becomes an n-type
oxide semiconductor.

[0130]

Thus, in the manufacturing method shown below, the amount of hydrogen in an
oxide semiconductor is reduced as much as possible and the concentration of oxygen
which is a constituent element is increased, whereby the oxide semiconductor is highly
purified. The highly-purified oxide semiconductor is an intrinsic or substantially

intrinsic semiconductor, resulting in a reduction in off-current.
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[0131]

First, an oxide semiconductor film is formed over the insulating film 1009 by
sputtering. Note that, because the transistor in FIG. 7 is a bottom-gate transistor, the
oxide semiconductor film is formed over the insulating film 1009 with the gate
electrode 1010 and the gate insulating film 1011 interposed therebetween. In the case
where a top-gate transistor is used, the gate insulating film 1011 and the gate electrode
1010 may be formed after the oxide semiconductor film is formed.

[0132]

As a target used for forming the oxide semiconductor film, a target of a metal
oxide containing zinc oxide as a main component can be used. For example, it is |
possible to use a tafget with a composition ratio of InyO3: Ga;05: ZnO = 1:1:1, that is,
In: Ga: Zn = 1:1:0.5. It is also possiblé to use a target with a composition ratio of In:
Ga: Zn = 1:1:1 or a composition ratio of In: Ga: Zn = 1:1:2. Further, a target which
includes SiO; at 2 wt% to 10 wt% inclusive can be used.

[0133]

Note that the oxide semiconductor film may be formed in a rare gas (typically,
argon) atmosphere, an oxygen atmosphere, or a mixed atmosphere of a rare gas and
oxygen. Here, a sputtering gas used for forming the oxide semiconductor film is a
high-purity gas in which impurities such as hydrogen, water, hydroxyl groups, or
hydride are reduced to such a level that the concentration thereof can be expressed by
ppm or ppb.

[0134]

The oxide semiconductor film is formed by introducing a sputtering gas from
which hydrogen and moisture are removed while removing moisture remaining in a
treatment chamber. In order to remove moisture remaining in the treatment chamber,
an entrapment vacuum pump is preferably used. For example, a cryopump, an ion
pump, or a titanium sublimation pump is preferably used.

[0135]
The thickness of the oxide semiconductor film may be 2 nm to 200 nm
inclusive, preferably 5 nm to 30 nm inclusive. Then, the oxide semiconductor film is

processed (patterned) into a desired shape by etching or the like, whereby the
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semiconductor film 1012 is formed.
[0136]

Although an In-Ga-Zn-0O is used for the oxide semiconductor film in the above
example, the following oxide semiconductors can also be used: In-Sn-Ga-Zn-O,
In-Sn-Zn-O, In-Al-Zn-0, Sn-Ga-Zn-0, Al-Ga-Zn-0, Sn-Al-Zn-O, In-Zn-0, Sn-Zn-O,
Al-Zn-0O, Zn-Mg-0, Sn-Mg-0, In-Mg-0, In-O, Sn-O, Zn-O, and the like. The oxide
semiconductor film may contain Si. Further, the oxide semiconductor film may be
amorphous or crystalline. Further, the oxide semiconductor film may be
non-single-crystal or single crystal.

[0137]

As the oxide semiconductor film, a thin film represented by InMO;3 (ZnQ),, (m
>0, and m is not a natural number) can also be used. Here, M denotes one or more of
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.

[0138]

Next, first heat treatment is performed on the oxide semiconductor film (the
semiconductor film 1012). The temperature of the first heat treatment is higher than or
equal to 400 °C and lower than or equal to 750 °C, preferably higher than or equal to
400 °C and lower than the strain point of the substrate.

[0139] .

Through the first heat treatment, hydrogen, water, hydroxyl groups, and the like
can be removed from the oxide semiconductor film (the semiconductor film 1012)
(dehydrogenation treatment). The dehydrogenation treatment through the first heat
treatment is significantly effective because éuch impurities become a donor in the oxide
semiconductor film and increase the off-current of the transistor.

[0140]

Note that the first heat treatment can be performed with an electric furnace.
Alternatively, heat conduction or heat radiation from a heating element such as a
resistance heating element can be used for the first heat treatment. In that case, an
RTA (rapid thermal anneal) apparatus such as a GRTA (gas rapid thermal anneal)

apparatus or an LRTA (lamp rapid thermal anneal) apparatus can be used.
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[0141}
An LRTA apparatus is an apparatus for heating an object to be processed by

radiation of light (an electromagnetic wave) emitted from a lamp such as a halogen
lamp, a metal halide lamp, a xenon arc lamp, a carbon arc lamp, a high-pressure sodium
lamp, or a high-pressure mercury lamp.

[0142]

A GRTA apparatus is an apparatus for heat treatment using a high-temperature
gas. As the gas, an inert gas (typically, a rare gas such as argon) or a nitrogen gas can
be used. The use of the GRTA apparatus is particularly effective because
high-temperature heat treatment in a short time is enabled.

[0143]
The first heat treatment may be performed before the patterning of the oxide

semiconductor film, after the formation of the electrode 1013 and the electrode 1014, or
after the formation of the insulating film 1015. However, the first heat treatment is
preferably performed before the formation of the electrode 1013 and the electrode 1014
so that the electrodes are not damaged by the first heat treatment.

[0144] ,

During the first heat treatment, oxygen deficiencies might be generated in the
oxide semiconductor. Therefore, after the first heat treatment, oxygen is preferably
introduced to the oxide semiconductor (treatment for supplying oxygen) so that oxygen
which is a constituent element is highly purified.

[0145]

Specifically, as the treatment for supplying oxygen, the first heat treatment is
followed by second heat treatment in an oxygen atmosphere or an atmosphere
containing nitrogen or oxygen (for example, the volume ratio of nitrogen to oxygen is 4
to 1), for example. Alternatively, plasma treatment may be performed in an oxygen
atmosphere, so that the oxygen concentration in the oxide semiconductor film can be
increased and the oxide semiconductor film can be highly purified. The temperature of
the second heat treatment is higher than or equal to 200 °C and lower than or equal to

400 °C, preferably higher than or equal to 250 °C and lower than or equal to 350 °C.
[0146]
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As another example of the treatment for supplying oxygen, an oxide insulating
film (the insulating film 1015) is formed on and in contact with the semiconductor film
1012, and then third heat treatment is performed. Oxygen in the insulating film 1015
moves to the semiconductor film 1012 to increase the oxygen concentration in the oxide
semiconductor, whereby the oxide semiconductor film can be highly purified. The
temperature of the third heat treatment is higher than or equal to 200 °C and lower than
or equal to 400 °C, preferably higher than or equal to 250 °C and lower than or equal to
350 °C. Note that also in the case of a top-gate transistor, the oxide semiconductor can
be highly purified in such a manner that a gate insulating film on and in contact with the
semiconductor film 1012 is formed of a silicon oxide film or the like and similar heaf
treatment is performed.

[0147]
As described above, the oxide semiconductor film can be highly purified

through the treatment for supplying oxygen such as the second heat treatment or the
third heat treatment after the dehydrogenation treatment by the first heat treatment.
When being highly purified, the oxide semiconductor can be made intrinsic or
substantially intrinsic, resulting in a reduction in the off-current of the transistor 1004.
[0148]

Note that the insulating film 1009 is a single layer or stacked layers using a
silicon oxide film, a silicon nitride film, or the like, and is formed over the photodiode
1002 and the transistor 1003. The insulating film 1009 may be formed by plasma
CVD or sputtering. The insulating film 1009 may also be formed of a resin film such
as a polyimide film by coating.

[0149]

The gate electrode 1010 is formed as a single layer or stacked layers using a
metal material such as molybdenum, titanium, chromium, tantalum, tungsten, aluminum,
copper, neodymium, or scandium, or an alloy material including any of these materials
as a main component. The gate electrode 1010 may be formed by sputtering or
vacuum evaporation.

[0150]

The gate insulating film 1011 is formed as a single layer or stacked layers using
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a silicon oxide film, a silicon nitfide film, or the like. The gate insulating film 1011
may be formed by plasma CVD or sputtering.
[0151]

The electrode 1013 and the electrode 1014, which are formed over the gate
insulating film 1011 and the semiconductor film 1012, each are a single layer or stacked
layers using a metal such as molybdenum, titanium, chromium, tantalum, tungsten,
aluminum, copper, or yttrium, an alloy material including any of these materials as a
main component, or a metal oxide having conductivity such as indium oxide. The
electrode 1013 and the electrode 1014 may be formed by sputtering or vacuum
evaporation. Here, it is preferable that the electrode 1013 be electrically connected to
the n-layer 1023 of the photodiode 1002 through a contact hole formed in the gate
insulating film 1007, the insulating film 1009, and the gate insulating film 1011.

[0152]

The highly-purified oxide semiconductor and a transistor using the same will
be described in detail below.
[0153]

AS an example of the highly-purified semiconductor, there is an oxide
semiconductor whose carrier concentration is less than 1 x 10" Jem?®, preferably less

than 1 x 10'? /em®, and more preferably less than 1 x 10'! /em® or less than 6.0 x 10"

fem®.

[0154]

A transistor using a highly-purified oxide semiconductor is characterized in
that the off-current is much lower than that of a transistor including a semiconductor
containing silicon, for example.

[0155]
The following shows the result of measuring the off-current characteristics of a

transistor with an evaluation element (also referred to as TEG: Test Element Group).
Note that the description is made here on an n-channel transistor.
[0156]

In the TEG, a transistor with L/W = 3 um/10000 pm, which includes 200
transistors with L/W = 3 um/50 pm (thickness d: 30 nm) connected in parallel, is
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provided. FIG. 8 illustrates the initial characteristics of the transistor. Here, Vg is in
the range of =20 V to +5 V inclusive. In order to measure the initial characteristics of
the transistor, the characteristics of changes in the source-drain current (hereinafter,
referred to as a drain current or Ip), i.e., Vg-Ip characteristics, were measured under the
conditions where the substrate temperature was set to room temperature, the voltage
between the source and the drain (hereinafter, referred to as a drain voltage or Vp) was
set to 10 V, and the voltage between the source and the gate (hereinafter, referred to as a
gate voltage or Vi) was changed from —20 V to +20 V.

[0157]

As illustrated in FIG. 8, the transistor with a channel width # of 10000 pum has
an off-current of 1 x 107'3 A or less at Vpof 1 Vand 10 V, which is less than or equal to
the resolution (100 fA) of a measurement device (a semiconductor parameter analyzer,
Agilent 4156C manufactured by Agilent Technologies Inc.). The off-current per
micrometer of the channel width corresponds to 10 aA/pm.

[0158]

Note that in this specification, the off-current (also referred to as leakage
current) means a current flowing between a source and a drain of an n-channel transistor
when a predetermined gate voltage in the range of -20 V to -5 V inclusive is applied at
room temperature in the case where the n-channel transistor has a positive threshold
voltage Vi  Note that the room temperature is 15 °C to 25 °C inclusive. A transistor
including the oxide semiconductor that is disclosed in this specification has a current
per unit channel width (W) of 100 aA/um or less, preferably 1 aA/um or less, and more
preferably 10 zA/um or less at room temperature. ’

[0159]

Moreover, the transistor including a high-purity oxide semiconductor has
favorable temperature characteristics. Typically, in the temperature range of 25 °C to
150 °C inclusive, the current-voltage characteristics of the transistor, such as an
on-current, an off-current, field-effect mobility, an S value, and a threshold voltage,
hardly change and deteriorate due to temperature.

[0160]

This embodiment can be implemented in appropriate combination with the
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other embodiments.

This application is based on Japanese Patent Application serial no.
2010-006444 filed with Japan Patent Office on January 15, 2010, Japanese Patent
Application serial no. 2010-006445 filed with Japan Patent Office on January 15, 2010,
and Japanese Patent Application serial no. 2010-006449 filed with Japan Patent Office

on January 15, 2010, the entire contents of which are hereby incorporated by reference.
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CLAIMS

1. A semiconductor device comprising:
a first photosensor in a first row over a substrate, the first photosensor comprising:
a light-receiving element;
a first transistor; and
a second transistor comprising an oxide semiconductor film;
a second photosensor in the first row over the substrate;
a third photosensor in a second row over the substrate; and
a fourth photosensor in the second row over the substrate,
wherein the first photosensor, the second photosensor, the third photosensor, and the
fourth photosensor are configured to perform a reset operation simultaneously,
wherein the first photosensor, the second photosensor, the third photosensor, and the
fourth photosensor are configured to perform an accumulation operation simultaneously,
wherein the first photosensor and the second photosensor are configured to perform a
first selection operation after the accumulation operation of the first photosensor and the second
photosensor,
wherein the third photosensor and the fourth photosensor are configured to perform a
second selection operation after the first selection operation,
wherein the oxide semiconductor film comprises a channel region,
wherein one electrode of the light-receiving element is electrically connected to one of
a source and a drain of the second transistor,
wherein the other of the source and the drain of the second transistor is electrically
connected to a gate of the first transistor, and
wherein the first photosensor, the second photosensor, the third photosensor, and the
fourth photosensor are configured to perform the accumulation operation, the first selection
operation and the second selection operation a plurality of times repeatedly in a period between

the reset operation and a next reset operation.

2. The semiconductor device according to claim 1,

wherein the light-receiving element and the first transistor are formed over the same
surface,

wherein the second transistor is formed over the light-receiving element and the first
transistor with an insulating film interposed therebetween, and

wherein the second transistor overlaps with the light-receiving element at least partly.
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3. The semiconductor device according to claim 1, further comprising a third transistor,
wherein one of a source and a drain of the third transistor is electrically connected to
one of a source and a drain of the first transistor, and
wherein the other of the source and the drain of the third transistor is electrically

connected to the gate of the first transistor.

4, The semiconductor device according to claim 1, further comprising a light source of a
certain color,

wherein the first photosensor, the second photosensor, the third photosensor, and the
fourth photosensor are configured to simultaneously perform the reset operation for the certain
color, simultaneously perform the accumulation operation for the certain color, and sequentially

perform the first selection operation and the second selection operation.

5. The semiconductor device according to claim 1, further comprising a light source of a
plurality of colors including at least a first color and a second color,

wherein the first photosensor, the second photosensor, the third photosensor, and the
fourth photosensor are configured to simultaneously perform the reset operation for each color,
simultaneously perform the accumulation operation for each color, and sequentially perform

the first selection operation and the second selection operation for each color.

6. The semiconductor device according to claim 1,

wherein the first photosensor, the second photosensor, the third photosensor, and the
fourth photosensor are configured to perform the accumulation operation, the first selection
operation and the second selection operation a plurality of times repeatedly, after the reset

operation, in a period required for one imaging.

7. The semiconductor device according to claim 6, wherein a total time for the first
selection operation and the second selection operation is longer than a time from the starting of

the accumulation operation to an end of the accumulation operation.

8. The semiconductor device according to claim 1, wherein the light-receiving element is
a photodiode.
9. The semiconductor device according to claim 1, wherein an off-current of the second

transistor is 1x10™"7 A/um or less.
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10. The semiconductor device according to claim 1, wherein the first transistor comprises a

silicon semiconductor film comprising a channel region.

11. A semiconductor device comprising:
a display element over a substrate;
a first photosensor in a first row over the substrate, the first photosensor comprising:
a light-receiving element;
a first transistor; and
a second transistor comprising an oxide semiconductor film;
a second photosensor in the first row over the substrate;
a third photosensor in a second row over the substrate; and
a fourth photosensor in the second row over the substrate,
wherein the first photosensor, the second photosensor, the third photosensor, and the
fourth photosensor are configured to perform a reset operation simultaneously,
wherein the first photosensor, the second photosensor, the third photosensor, and the
fourth photosensor are configured to perform an accumulation operation simultaneously,
wherein the first photosensor and the second photosensor are configured to perform a
first selection operation after the accumulation operation of the first photosensor and the second
photosensor,
wherein the third photosensor and the fourth photosensor are configured to perform a
second selection operation after the first selection operation,
wherein the oxide semiconductor film comprises a channel region,
wherein one electrode of the light-receiving element is electrically connected to one of
a source and a drain of the second transistor,
wherein the other of the source and the drain of the second transistor is electrically
connected to a gate of the first transistor, and
wherein the first photosensor, the second photosensor, the third photosensor, and the
fourth photosensor are configured to perform the accumulation operation, the first selection
operation and the second selection operation a plurality of times repeatedly in a period between

the reset operation and a next reset operation.

12, The semiconductor device according to claim 11,

wherein the light-receiving element and the first transistor are formed over the same
surface,

wherein the second transistor is formed over the light-receiving element and the first

transistor with an insulating film interposed therebetween, and
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wherein the second transistor overlaps with the light-receiving element at least partly.

13. The semiconductor device according to claim 11, further comprising a third transistor,
wherein one of a source and a drain of the third transistor is electrically connected to
one of a source and a drain of the first transistor, and
wherein the other of the source and the drain of the third transistor is electrically

connected to the gate of the first transistor.

14. The semiconductor device according to claim 11, further comprising a light source of a
certain color,

wherein the first photosensor, the second photosensor, the third photosensor, and the
fourth photosensor are configured to simultaneously perform the reset operation for the certain
color, simultaneously perform the accumulation operation for the certain color, and sequentially

perform the first selection operation and the second selection operation.

15. The semiconductor device according to claim 11, further comprising a light source of a
plurality of colors including at least a first color and a second color,

wherein the first photosensor, the second photosensor, the third photosensor, and the
fourth photosensor are configured to simultaneously perform the reset operation for each color,
simultaneously perform the accumulation operation for each color, and sequentially perform

the first selection operation and the second selection operation for each color.

16. The semiconductor device according to claim 11, wherein the first photosensor, the
second photosensor, the third photosensor, and the fourth photosensor are configured to
perform the accumulation operation, the first selection operation and the second selection
operation a plurality of times repeatedly, after the reset operation, in a period required for one

imaging.

17. The semiconductor device according to claim 16, wherein a total time for the first
selection operation and the second selection operation is longer than a time from the starting of

the accumulation operation to an end of the accumulation operation.

18. The semiconductor device according to claim 11, wherein the display eclement

comprises a liquid crystal element.
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19. The semiconductor device according to claim 11, wherein the light-receiving element

is a photodiode.

20. The semiconductor device according to claim 11, wherein an off-current of the second

transistor is 1x10™"7 A/um or less.

21. The semiconductor device according to claim 11, wherein the first transistor comprises

a silicon semiconductor film comprising a channel region.

22. A method for driving a semiconductor device, the semiconductor device comprising a
first photosensor, a second photosensor, a third photosensor, and a fourth photosensor each
including a light-receiving element, a first transistor, and a second transistor, comprising:

performing a reset operation of the first photosensor, the second photosensor, the third
photosensor, and the fourth photosensor simultaneously;

performing an accumulation operation of the first photosensor, the second photosensor,
the third photosensor, and the fourth photosensor simultaneously;

performing a first selection operation of the first photosensor and the second
photosensor after the accumulation operation of the first photosensor and the second
photosensor; and

performing a second selection operation of the third photosensor and the fourth
photosensor after the first selection operation,

wherein the first photosensor and the second photosensor are in a first row,

wherein the third photosensor and the fourth photosensor are in a second row,

wherein the second transistor comprises an oxide semiconductor film,

wherein the oxide semiconductor film comprises a channel region, and

wherein the first photosensor, the second photosensor, the third photosensor, and the
fourth photosensor are configured to perform the accumulation operation, the first selection
operation and the second selection operation a plurality of times repeatedly in a period between

the reset operation and a next reset operation.

23, The method for driving the semiconductor device according to claim 22,

wherein the light-receiving element has a function of supplying a charge corresponding
to incident light to a gate of the first transistor,

wherein the first transistor has a function of accumulating the charge supplied to the

gate, and
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wherein the second transistor has a function of retaining the charge accumulated in the

gate of the first transistor.

24, The method for driving the semiconductor device according to claim 23,
wherein the first transistor has a function of converting the accumulated charge into an

output signal.

25. The method for driving the semiconductor device according to claim 22, wherein the

light-receiving element is a photodiode.

26. The method for driving the semiconductor device according to claim 22, wherein an

off-current of the second transistor is 1x10™'7 A/um or less.

27. The method for driving the semiconductor device according to claim 22, wherein the

first transistor comprises a silicon semiconductor film comprising a channel region.



