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- DESCRIPTION

PHOTOELECTRIC CONVERSION DEVICE AND ELECTRONIC DEVICE
HAVING THE SAME

TECHNICAL FIELD
[0001]

The present invention relates to photoelectric conversion devices.  Further, the
present invention relates to electronic devices having the photoelectric conversion

devices.

BACKGROUND ART
[0002]

A large number of photoelectric conversion devices used for detecting light are
known. For example, visible light sensors or the like have been put into practical use.
A large number of photoelectric conversion devices are used for devices which need
illuminance adjustment, on/off control, or the like depending on human living
environment.

[0003]

In some display devices, ambient brightness of the display devices is detected
so that display luminance is adjusted. This is because visibility can be improved and
wasted power consumption can be reduced by detecting ambient brightness with
photoelectric conversion devices so that appropriate display luminance is obtained.
For example, examples of display devices having photoelectric conversion devices for
adjusting luminance are mobile phones and computers having display portions.

[0004]

A photoelectric conversion device includes a photoelectric conversion element
such as a photodiode for a light sensing portion and can detect illuminance based on the |
amount of current flowing to the photoelectric conversion element. Reference 1
discloses a structure where current flowing from a photodiode is converted into a
ramp-wave signal whose frequency is changed in accordance with the amount of the

current and the converted ramp-wave signal is output as a digital signal.
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[Reference]
[0005]
Reference 1: United States Patent No. 6556155

DISCLOSURE OF INVENTION
[0006]

In a photoelectric conversion device disclosed in Reference 1, in the case
where the amount of current corresponding to the amount of incident light flowing to a
photodiode is large, the frequency of a ramp wave is increased. As the frequency of
the ramp wave is increased, a signal having the ramp wave is more likely to be
adversely affected by circuit delay due to a parasitic capacitance and/or frequency
characteristics or the like of a comparator. Therefore, the signal having the ramp wave
has a problem of being more adversely affected by circuit delay as the frequency is
increased, which results in large variations in output signals corresponding to
illuminance.

[0007]

It is-an object of an embodiment of the present invention to provide a
photoelectric conversion device in which a signal having a ramp wave with frequency
corresponding to illuminance can be output as a digital signal without being adversely
affected by circuit delay due to parasitic capacitance or the like. |
[0008]

An embodiment of the present invention is a photoelectric conversion device
which includes a photoelectric conversion element for generating photocurrent; a
ramp-wave output circuit for outputting a ramp-wave signal having frequency
corresponding to the amount of the photocurrent; a first comparator for comparing the
ramp-wave signal and a first potential with each other; a second comparator for
comparing the ramp-wave signal and a second potential with each other; a flip-flop
circuit for generating a clock signal whose frequency is changed in accordance with the
amount of the photocurrent by input of an output signal of the first comparator and an
output signal of the second comparator; a circuit for calculating a negative OR of the
output signal of the first comparator and the output signal of the second comparator; a

counter circuit for counting the pulse number of the clock signal; and a pulse output
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circuit for generating a period during which the pulse number is counted in the counter
circuit. The pulse output circuit includes a switch for stopping the generation of the
period during which the pulse number is counted in accordance with an output signal of
the circuit for calculating the negative OR.
[0009]

According to the embodiment of the present invention, it is possible to provide
a photoelectric conversion device in which a signal having a ramp wave with frequency
corresponding to illuminance can be converted into a digital signal without being

adversely affected by circuit delay due to parasitic capacitance or the like.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]
In the accompanying drawings:
FIG. 1 is a circuit diagram for illustrating Embodiment 1;
FIGS. 2A and 2B are circuit diagrams for illustrating Embodiment 1;
FIG. 3 is a circuit diagram for illustrating Embodiment 1;
FIGS. 4A and 4B are diagrams for illustrating Embodiment 1;
FIGS. 5A and 5B are circuit diagrams for illustrating Embodiment 1;
FIG. 6 is a timing chart for illustrating Embodiment 1;
FIG. 7 is a timing chart for illustrating Embodiment 1;
FIG. 8 is a timing chart for illustrating Embodiment 1;
FIG. 9 is a timing chart for illustrating Embodiment 1;
FIG. 10 is a graph for illustrating Embodiment 1;
FIG. 11 is a block diagram for illustrating Embodiment 2;
FIG. 12 is a block diagram for illustrating Embodiment 2;
FIGS. 13A to 13D are cross-sectional views for illustrating Embodiment 3;
FIG. 14 is a cross-sectional view for illustrating Embodiment 3; and |

FIGS. 15A and 15B are diagrams for illustrating Embodiment 4.

BEST MODE FOR CARRYING OUT THE INVENTION
[0011]

Hereinafter, embodiments of the present invention will be described with
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reference to the drawings. Note that the present invention can be implemented in
various different ways and it will be readily appreciated by those skilled in the art that
various chahges and modifications are possible without departing from the spirit and
scope of the present invention. Therefore, the present invention should not be
construed as being limited to the following description of the embodiments. Note that
in all the drawings for illustrating the embodiments, the same portions or portions
having similar functions are denoted by the same reference numerals, and description
thereof is not repeated.

[0012]

(Embodiment 1)

The structure and operation of a photoelectric conversion device according to
an embodiment of the present invention are described in this embodiment.
[0013]

First, a circuit diagram of the photoelectric conversion device according to an
embodiment of the present invention is described. A photoelectric conversion device
100 illustrated in FIG. 1 includes a photoelectric conversion element 101, an amplifier
circuit 102, a ramp-wave output circuit 103, a first comparator 104, a second
comparator 105, a flip-flop circuit 106, a NOR circuit 107 (also referred to as a negative
OR circuit), a counter circuit 108, a latch circuit 109, and a pulse output circuit 110.
[0014]

In the photoelectric conversion element 101, a high power supply potential
(Vdd) is supplied to one of terminals (an n-type semiconductor side) and the other of the
terminals (a p-type semiconductor side) is electrically connected to the amplifier circuit
102 so that photocurrent I is supplied to the amplifier circuit 102. The amplifier
circuit 102 is a circuit for amplifying the photocurrent /. in the photoelectric conversion
element 101 to current /a. In addition, a low power supply potential (Vss) is supplied
to the amplifier circuit 102. The ramp-wave output circuit 103 is a circuit for
outputting a ramp-wave signal whose frequency is changed in accordance with the
current Ja (hereinafter referred to as a ramp-wave signal). An input terminal of the
ramp-wave output circuit 103 is electrically connected to the amplifier circuit 102. An
output terminal of the ramp-wave output circuit 103 is electrically connected to the first

comparator 104 and the second comparator 105. The first comparator 104 is a circuit
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for comparing a first potential VrefL and a potential of the ramp-wave signal with each
other and for outputting a high-potential signal (hereinafter referred to as an H-level
signal) in the case where the first potential VrefL is higher than the potential of the
ramp-wave signal. The second comparator 105 is a circuit for comparing a second
potential VrefH and a potential of an output signal of the ramp-wave signal with each
other and for outputting the H-level signal in the case where the second potential VrefH
is lower than the potential of the output signal of the ramp-wave signal. As the
flip-flop circuit 106, an RS-flip-flop circuit is illustrated as an example. An output
signal of the first comparator 104 is input to an R terminal, and an output signal of the
second comparator 105 is input to an S terminal. The NOR circuit 107 is a circuit for
calculating a negative OR of the output signals of the first comparator 104 and the
second comparator 105 so that the logic of the output signal is determined. The
counter circuit 108 and the latch circuit 109 are electrically connected to each other
through a bus corresponding to the number of bits of a count value. The counter
circuit 108 is a circuit for counting the number of pulses of an output signal from a Q
terminal of the flip-flop circuit 106 (hereinafter referred to as a clock signal) for a
predetermined period. The latch circuit 109 is a circuit for latching a count value
obtained by counting the number of the pulses of the clock signal for the predetermined
period in the counter circuit 108 and for outputting the count value as an output signal
of the photoelectric conversion device. The pulse output circuit 110 is a circuit for
generating a period during which the number of pulses of the clock signal is counted in
the counter circuit 108.

[0015]

A switch 111 is provided inside the pulse output circuit 110. The switch 111
performs intermittent operation in accordance with the output signal from the NOR
circuit 107. The switch 111 is on in the case where the output signal from the NOR
circuit 107 is the H-level signal and is off in the case where the output signal from the
NOR circuit 107 is a low-potential signal (hereinafter referred to as an L-level signal).
In addition, for example, as illustrated in FIG. 1, the amplifier circuit 102 is formed
using a current mirror circuit and includes a first n-channel transistor 112 and a second
n-channel transistor 113. A first terminal of the first n-channel transistor 112 is

electrically connected to the p-type semiconductor side of the photoelectric conversion
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element 101. Gate terminals of the first n-channel transistor 112 and the second
n-channel transistor 113 are electrically connected to each other. The first terminal of
the first n-channel transistor 112 is electrically connected to the gate terminals of the
first n-channel transistor 112 and the second n-channel transistor 113. The low power
supply potential (Vss) is supplied to second terminals of the first n-channel transistor
112 and the second n-channel transistor 113.

[0016]

Note that in this specification, terms such as “first”, “second”, “third”, and
“N-th” (N is a natural number) are used in order to avoid confusion among components
and do not limit the components numerically.

[0017]

Note that in this specification, when it is described that “4 and B are connected
to each other”, the case where A and B are electrically connected to each other is
included in addition to the case where A and B are directly connected to each other.
Here, when it is described that “4 and B are electrically connected to each other”, the
case where A and B have the same or substantially the same nodes with an object
interposed therebetween when the object having any electrical function is interposed
between 4 and B is included.

[0018]

Specifically, the case where it is acceptable that 4 and B have the same nodes
considering a circuit operation, for example, the case where A and B are connected to
each other with a switching element such as a transistor interposed therebetween and
have the same or substantially the same potentials by conduction of the switching
element, the case where 4 and B are connected to each other with a resistor interposed
therebetween and a difference between potentials applied to opposite ends of the resistor
does not adversely affect the operation of a circuit including A and B, or the like is
included.

[0019]

Note that in this specification, any switch may be used as long as it can control
conduction and non-conduction between one of terminals and the other of the terminals,
without limitation on a certain type. As the switch, an electrical switch, a mechanical

switch, or the like can be used. For example, an analog switch or the like may be
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formed using a thin film transistor.
[0020]

Note that a PIN photodiode may be used as the photoelectric conversion
element 101. Alternatively, instead of a PIN photodiode, a PN photodiode may be
used as the photoelectric conversion element 101.

[0021]

As the amplifier circuit 102, a circuit for amplifying the photocurrent /1. output
from the photoelectric conversion element n-fold (n is a positive number) the current /a
may be used. For example, by providing a plurality of second n-channel transistors
202-1 to 202-n (n is a natural number more than or equal to two) as in an amplifier
circuit 200 illustrated in FIG. 2A, the amplifier circuit 102 can supply the current /a
n-fold. Therefore, even in the case where the amount of incident light which is
delivered to the photoelectric conversion element 101 is small, sufficient current can be
supplied to a second n-channel transistors 202-1 to 202-n side. Alternatively, by
increasing the channel width of the second n-channel transistor 201 or decreasing the
channel length of the second n-channel transistor 201, sufficient current can be supplied.
[0022]

. Alternatively, a structure of the amplifier circuit 102 may be used in which the
amplification factor of the photocurrent /1. is switched in accordance with illuminance in
the amplifier circuit 102. FIG 2B illustrates a structure in which the amplification
factor of the photocurrent is switched in accordance with illuminance. For example,
the amplifier circuit 102 and the amplifier circuit 200 are used as circuifs for amplifying
the photocurrent I, from the photoelectric conversion element 101, and a switching
circuit 210 for switching the circuits for amplifying the photocurrent /. in accordance
with a selection signal Select is provided. The switching circuit 210 includes a first
switch 211 and a second switch 212 and switches the amplifier circuits electrically
connected to the ramp-wave output circuit 103 in accordance with the selection signal
Select. Note that by providing amplifier circuits having a plurality of different
amplification factors and switching the amplifier circuits by the switching circuit 210,
the amplification factor of the photocurrent /1, which corresponds to illuminance, can be

optimized.



10

15

20

25

30

WO 2010/016449 PCT/JP2009/063717

[0023]

Note that a transistor such as an n-channel transistor or a p-channel transistor is
an element which includes at least three terminals of a gate, a drain, and a source. The
transistor has a channel region between a drain region and a source region and can
supply current through the drain region, the channel region, and the source region.
Here, since the source and the drain change depending on the structure, the operating
condition, and the like of the transistor, it is difficult to define which is a source or a
drain. Therefore, in this embodiment, regions which serves as the source and the drain
are referred to as a first terminal and a second terminal in some cases. Further, a
terminal which serves as the gate is referred to as a gate terminal in some cases.

[0024]

Note that any of a variety of transistors can be used as a transistor such as an
n-channel transistor or a p-channel transistor. For example, a thin film transistor (TFT)
including a non-single crystal semiconductor film typified by amorphous silicon,
polycrystalline silicon, microcrystalline (also referred to as microcrystal or
semi-amorphous) silicon, or the like can be used. In the case of TFTs, since TFTs can
be formed through a process at comparatively lower temperature, a large manufacturing
apparatus can be used and the TFTs can be formed using a large substrate. Therefore,
many TFTs can be manufactured in one manufacturing process at low cost. In addition,
since the TFTs can be formed through the process at comparatively lower temperature, a
substrate having low heat resistance can be used. Therefore, such a transistor can be
formed using a light-transmitting substrate (e.g., a glass substrate having an insulating
surface) and can be used for a device in which transmission of light is utilized.

[0025]

The ramp-wave output circuit 103 includes a p-channel transistor 301, a
p-channel transistor 302, a p-channel transistor 303, a p-channel transistor 304, an
n-channel transistor 305, an n-channel transistor 306, an n-channel transistor 307, an
n-channel transistor 308, and a capacitor 309 which are connected as illustrated in FIG.
3. The p-channel transistor 301 and the p-channel transistor 302 form a current mirror
circuit. The p-channel transistor 303 and the p-channel transistor 304 form a current
mirror circuit. An inverted clock signal QB is input to a gate of the n-channel

transistor 305. A clock signal Q is input to a gate of the n-channel transistor 307.



10

15

20

25

30

WO 2010/016449 PCT/JP2009/063717

The n-channel transistor 306 and the n-channel transistor 308 form a current mirror
circuit. Source terminals of the n-channel transistor 305 and the n-channel transistor
307 are electrically connected to the amplifier circuit 102, and the current Ja
corresponding to the amplification factor of the amplifier circuit 102 flows. In the
ramp-wave output circuit 103 illustrated in FIG. 3, the capacitor 309 repeats charging
and discharging with the current Ir flowing to the p-channel transistor 304 or the
n-channel transistor 308. Therefore, the ramp-wave signal is output from the
ramp-wave output circuit 103 to the first comparator 104 and the second comparator
105.

[0026]

Note that the clock signal Q and the inverted clock signal QB which are input
to the ramp-wave output circuit 103 are signals which are output from the Q terminal
and the QB terminal of the flip-flop circuit 106.

[0027]

The first comparator 104 compares the first potential VrefL and the potential of
the ramp-wave signal with each other. Since the H-level signal is output in the case
where the first potential VrefL is higher than the potential of the ramp-wave signal, it is
acceptable as long as the first potential VrefL is input to a non-inverting input terminal
and the ramp-wave signal is input to an inverting input terminal. In addition, the
second comparator 105 compares the second potential VrefH and the potential of the
ramp-wave signal with each other. Since the H-level signal is output in the case where
the second potential VrefH is lower than the potential of the ramp-wave signal, it is
acceptable as long as the ramp-wave signal is input to the non-inverting input terminal
and the second potential VrefH is input to the inverting input terminal.

[0028]

FIG. 1 illustrates the case where the flip-flop circuit 106 is the RS flip-flop
circuit. The output signal of the first comparator 104 is input to the R terminal. The
output signal of the second comparator 105 is input to the S terminal. The clock signal
is output from the Q terminal of the flip-flop circuit 106 and is input to the counter
circuit 108 and the ramp-wave output circuit 103. The inverted clock signal is output
from the QB terminal of the flip-flop circuit 106 and is input to the ramp-wave output

circuit 103.
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[0029]

Note that in the ramp-wave output circuit 103, the n-channel transistor 305 and
the n-channel transistor 307 are alternately turned on and off by the clock signal and the
inverted clock signal, so that the current It flows to the p-channel transistor 304 or the
n-channel transistor 308. Since the capacitor 309 repeats charging and discharging
when the current It flows, the ramp-wave signal is output to the capacitor 309. Here,
frequency f of the ramp-wave signal which is output from the ramp-wave output circuit
103 is expressed as follows with the current Ir, capacitance C of the capacitor 309, the
first potential VrefL, and the second potential VrefH. From Formula 1, it can be seen
that an output signal whose frequency is changed in accordance with the amount of the
current It can be obtained.

[0030]

[Formula 1]

far 2 (1)
2C(VrefH —VrefL)

[0031]

The ramp-wﬁve signal which is output from the ramp-wave output circuit 103
illustrated in FIG. 3 is described with reference to FIGS. 4A and 4B. In a ramp wave
illustrated in FIG. 4A, a ramp-wave signal in the case where the amount of light
delivered to the photoelectric conversion element is small is illustrated. In a ramp
wave illustrated in FIG. 4B, a ramp-wave signal in the case where the amount of light
delivered to the photoelectric conversion element is large is illustrated. As illustrated
in FIGS. 4A and 4B, the capacitor 309 repeats charging and discharging with the current
It between the first potential VrefL and the second potential ViefH (also referred to as
bandgap reference) as a potential of the ramp-wave signal (in the diagram, denoted by
Vcap). Therefore, frequencies are different between the case where the illuminance of
the photoelectric conversion element is low and the case where the illuminance of the
photoelectric conversion element is high, as expressed in Formula 1.

[0032]

As the frequency of signals becomes higher, circuit delay is more likely to

occur due to wiring resistance, parasitic capacitance, or the like. Therefore, in FIGS.

4A and 4B, as for a first period 401 and a second period 402, the first period 401 is a
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period during which charging and discharging are switched not between the first
potential VrefL and the second potential VrefH, and the second period 402 is a period
during which charging and discharging are switched between the first potential VrefL.
and the second potential VrefH. The length of the first period 401 becomes longer as
the frequency becomes higher as illustrated by an arrow 403 and an arrow 404 in FIGS.
4A and 4B, which cause variations when wave numbers are counted in the counter
circuit 108 which is in a subsequent stage.

{0033}

Note that in the counter circuit 108, counting corresponding to the given
number of bits is performed in a period corresponding to output from the pulse output
circuit 110. A count value is incremented in accordance with the number of pulses of
the clock signal which is output from the Q terminal of the flip-flop circuit 106. Note
that with completion of the period corresponding to the output from the pulse output
circuit 110, the counter circuit 108 resets the count value and performs counting in a
counter again. The obtained count value is output to the latch circuit 109. The count
value which is latched in the latch circuit 109 is a digital output signal “Vout” from the
photoelectric conversion device.

[0034]

The NOR circuit 107 is a circuit for calculating a negative OR of the output
signals of the first comparator 104 and the second comparator 105 so that the logic of
the output signal is determined.

[0035]

The pulse output circuit 110 is a circuit for generating a period during which
the number of pulses of the clock signal is counted in the counter circuit 108. The
switch 111 is provided inside the pulse output circuit 110. The switch 111 is
alternately turned on and off in accordance with the output signal from the NOR circuit
107. For example, as the switch 111, a switch which is on in the case where the output
signal from the NOR circuit 107 is the H-level signal and is off in the case where the
output signal from the NOR circuit 107 is the L-level signal may be used.

[0036]
A specific structure of the pulse output circuit 110 including the switch 111 is

described with reference to FIGS. 5A and 5B.
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[0037]

The pulse output circuit 110 illustrated in FIG. 5A includes an oscillator circuit
501, the switch 111, and a counter circuit- 502. The oscillator circuit 501 is a circuit for
dividing the frequency of a signal which is output from a ring oscillator, a crystal
oscillator, or the like and for outputting a signal having desired frequency. In addition,
the counter circuit 502 is a circuit for counting the wave number of a signal from the
oscillator circuit 501, which is input through the switch 111, and for outputting a pulse
“Sout” when a count value reaches a predetermined count value.

[0038]

The operation of the pulse output circuit 110 illustrated in FIG. 5A is described
with reference to a timing chart in FIG. 6. Note that in FIG. 6, a period 601 is a period
during which the amount of light delivered to the photoelectric conversion element is
small. Further, a period 602 is a period during which the amount of light delivered to
the photoelectric conversion element is large.

[0039]

The timing chart illustrated in FIG. 6 illustrates output of the oscillator circuit
501, on/off of the switch 111, a signal which is input to the counter circuit 502, a count
value in the counter circuit 502, and output of the counter circuit 502.  As illustrated in
FIG. 6, as the output of the oscillator circuit 501, a signal having certain frequency is
output. The switch 111 is repeatedly turned on or off in accordance with a signal
which is input to the NOR circuit 107. FIG. 6 illustrates an example in which the
switch 111 is alternately turned on and off repeatedly. The signal which is input to the
counter circuit 502 is a signal which is the same as the output of the oscillator circuit
501 only in a period during which the switch 111 is on. In the counter circuit 502,
counting is incremented in accordance with the wave number of the signal which is
input to the counter circuit 502 from the count value of 1 to N (N is a given natural
number). As the output of the counter circuit 502, a pulse is output when the account
value counted in the counter circuit 502 is counted up to N so as to be the pulse “Sout”
of the pulse output circuit 110.

[0040]
As described above, the period 601 is a period during which the amount of

light delivered to the photoelectric conversion element is small, and the period 602 is a
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period during which the amount of light delivered to the photoelectric conversion
element is large. Therefore, as illustrated in FIGS. 4A and 4B, deviation from the
bandgap reference is greater in the period 602 than in the period 601, so that a period for
correction is increased. By controlling on/off of the switch 111 as illustrated in FIG. 6,
the supply of a signal which is output from the pulse output circuit 110 is stopped in
accordance with the ramp-wave signal, so that variations can be controlled.

[0041]

The pulse output circuit 110 illustrated in FIG. 5B includes a constant current
circuit 503, a current mirror circuit 504 including a transistor 505 and a transistor 506,
the switch 111, a transistor 507, a capacitor 508, and a comparator 509. The constant
current circuit 503 is a circuit for generating constant current. The current mirror
circuit 504 including the transistor 505 and the transistor 506 is a circuit for controlling
discharging of the capacitor 508 in accordance with the amount of constant current in
the constant current circuit 503. The transistor 507 is an element for controlling timing
for charging the capacitor 508 at the second potential VrefH by a reset signal Vres.
Note that although the transistor 507 is a p-channel transistor in FIG. 5B, the transistor
507 may be a switch. When the capacitor 508 repeats charging and discharging, the
capacitor 508 obtains a potential of a node which is electrically connected to the
comparator 509. The comparator 509 is a circuit for comparing a potential of a node
to which the capacitor 508 is connected and the first potential VrefL with each other and
for outputting an H-level signal in the case where the first potential VrefL is higher than
the potential of the hode to which the capacitor 508 is connected.

[0042]

The operation of the pulse output circuit 110 illustrated in FIG. 5B is described
with reference to a timing chart in FIG. 7. Note that in FIG. 7, a period 701 is a period
during which the amount of light delivered to the photoelectric conversion element is
small. Further, a period 702 is a period during which the amount of light delivered to
the photoelectric conversion element is large.

[0043]

The timing chart illustrated in FIG. 7 illustrates a potential of the reset signal

Vres for controlling on/off of the transistor 507, on/off of the switch 111, a potential of

the capacitor 508, and output of the comparator 509. As illustrated in FIG. 7, when the
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reset signal Vres is at a potential for turning on the transistor 507, the capacitor 508 is
charged at the second potential VrefH, so that the potential of the node to which the
capacitor 508 is connected rises. The switch 111 is repeatedly turned on and off in
accordance with the signal which is input to the NOR circuit 107. FIG. 7 illustrates an
example in which the switch 111 is alternately turned on and off repeatedly. The
potential of the node to which the capacitor 508 is connected, in which the capacitor 508
is charged at the second potential VrefH, is lowered because the capacitor 508 is
discharged every time the switch 111 is turned on. In the case where the switch 111 is
off, discharging of the capacitor 508 is stopped and the potential is not changed. When
the potential of the node to which the capacitor 508 is connected is lowered and is lower
than the first potential VrefL, a pulse is output by i'nverting the output of the comparator
509 so as to be the pulse “Sout” of the pulse output circuit 110.

[0044]

As described above, the period 701 is a period during which the amount of
light delivered to the photoelectric conversion element is small, and the period 702 is a
period (iuring which the amount of light delivered to the photoelectric conversion
element is large. Therefore, as illustrated in FIG. 4, deviation from the bandgap
reference is greater in the period 702 than in the period 701, so that a period for
correction is increased. By controlling on/off of the switch 111 as illustrated in FIG. 7,
the supply of a signal which is output from the pulse output circuit 110 is stopped in
accordance with the ramp-wave signal, so that variations can be controlled, in a manner
similar to that of FIG. 6.

[0045]

Next, timing charts about circuit diagrams and signals from the circuits
illustrated in FIG. 1 to FIG. 7 are described with reference to FIG. 8 and FIG. 9. The
timing charts in FIG. 8 and FIG. 9 illustrate the potential “Vcap” of the ramp-wave
signal which is output from the ramp-wave output circuit 103, an output signal “Clout”
of the first comparator 104, an output signal “C2out” of the second comparator 105, an
output signal “NORout” of the NOR Ccircuit 107, a clock signal “CLK” which is output
of the Q terminal of the flip-flop circuit 106, the count value in the counter circuit 108,
the output of the oscillator circuit 501, the signal which is input to the counter circuit

502, the count value in the counter circuit 502, and the potential of the capacitor 508.
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[0046]

Note that FIG. 8 illustrates the case where the amount of light delivered to the
photoelectric conversion element is small. Further, FIG. 9 illustrates the case where
the amount of light delivered to the photoelectric conversion element is large.

[0047]

In the timing charts. illustrated in FIG. 8 and FIG. 9, the output signal “Clout”
of the first comparator 104 and the output signal “C2out” of the second comparator 105
operate in accordance with the potential “Vcap” of the ramp-wave signal. Then, the
output signal “NORout” of the NOR circuit 107 and the clock signal are output.
Counting in the counter circuit 108 is controlled with a pulse from the pulse output
circuit 110. In the pulse output circuit 110, the switch 111 in the pulse output circuit
110 1s turned on or off in accordance with the output signal from the NOR circuit 107.
Thus, as illustrated in FIGS. 5A and 5B, FIG. 6, and FIG. 7, output of the pulse output
circuit 110 can be obtained.

[0048]

In addition, FIG. 10 is a graph illustrating relationship in the case where the
horizontal axis expresses illuminance and the vertical axis expresses a count value. As
illustrated in FIG. 10, the graph is an upward-sloping graph where the count value is
increased in accordance with increase in illuminance. Note that the upper limit of
illuminance M is preferably set to approximately hundred thousand lux taking
eye-spectral sensitivity into consideration. A count value N is set in accordance with
the number of bits.

[0049]

In the upward-sloping graph where the count value which corresponds to
output voltage is increased in accordance with increase in illuminance, the output
voltage saturates in accordance with illuminance. Therefore, by determining the
output voltage in accordance with the upper limit of illuminance, the range of
illuminance detection can be set.

[0050]

As described above, in the structure of the photoelectric conversion device of

this embodiment, a signal having a ramp wave with frequency corresponding to

illuminance can be converted into a digital signal without being adversely affected by
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circuit delay due to parasitic capacitance or the like.
[0051]

Note that the contents described in each drawing in this embodiment can be
freely combined with or replaced with the contents described in any of the other
embodiments as appropriate.

[0052]
(Embodiment 2)

In this embodiment, a block diagram in which an external circuit to which a
digital signal is output is added to the photoelectric conversion device illustrated in
Embodiment 1 is described with reference to FIG. 11 and FIG. 12.

[0053]

A digital output photo IC 1100 illustrated in FIG. 11 includes the photoelectric
conversion device 100 illustrated in FIG. 1, an address memory 1101, and an I2C (inter
integrated circuit) interface circuit 1102. Further, the I2C interface circuit 1102 is
electrically connected to an external device by an I12C bus which includes a serial data
line (SDA) for data communication with a different device and a serial clock line (SCL)
for controlling and synchronizing the data communication with the different device.
The I2C bus which includes the SDA and the SCL is a bus standard for controlling a
microcomputer 1111 with a specific address assigned to an address memory provided in
each device. Note that in the case where the different device is a liquid crystal display
device, for example, a structure is used in which a display driver 1112 which includes
an address memory 1121, an I12C interface circuit 1122, and a logic portion 1123, and an
LED driver 1113 which includes an address memory 1131, an I12C interface circuit 1132,
and a logic portion 1133 are electrically connected to the I12C bus. In the case where
the different device is a display device including an EL element, the LED driver for
controlling LEDs which are used for a backlight is not necessarily provided.

[0054]

Note that a digital signal which is converted in the photoelectric conversion
device 100 is transmitted to a different external device such as the LED driver 1113
through the 12C interface circuit 1102. The LED driver 1113 generates a signal for
controlling the LEDs which are used for the backlight of the display device in

accordance with a digital signal related to illuminance obtained in the photo IC 1100
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and outputs the signal.
[0055]
In addition, a different structure of the digital output photo IC 1100 illustrated

in FIG. 11 is illustrated in FIG. 12. In addition to the photoelectric conversion device

-100, the photo IC 1100 illustrated in FIG. 12 includes the address memory 1101, the 12C

interface circuit 1102, and an LED driver 1201. Further, the 12C interface circuit 1102
is electrically connected to the display driver 1112 by the I12C bus which includes the
SDA and the SCL. The structure illustrated in FIG. 12 differs from the structure
illustrated in FIG. 11 in that the LED driver 1201 including the logic portion 1133 is
provided inside the photo IC 1100. By using the structure where the LED driver 1201
is provided inside the photo IC 1100, a digital signal which is generated in the
photoelectric conversion device 100 can be directly received by the LED driver 1201
and can be output from the I12C interface circuit 1102. Thus, the circuits can be shared,
so that reduction in size and increase in added value can be achieved.

[0056]

Note that in FIG. 11 and FIG. 12, as the interface of each circuit, an 12C
interface, which is one of digital serial interfaces, is used, for example. Instead of the
I2C bus, a bus standard such as a universal serial bus or a serial peripheral interface can
be used.

[0057]

Note that the contents described in each drawing in this embodiment can be
freely combined with or replaced with the contents described in any of the other
embodiments as appropriate.

[0058]
(Embodiment 3)

In this embodiment, a method for manufacturing a photoelectric conversion
device according to an embodiment of the present invention is described with reference
to FIGS. 13A to 13D and FIG. 14. Note that in this embodiment, an example of a
photoelectric conversion including a thin film transistor (TFT) which is an element
included in each circuit of the photoelectric conversion device and a
longitudinal-junction PIN photodiode (hereinafter also referred to as a photodiode)

which is a photoelectric conversion element is illustrated. Note that in the
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photoelectric conversion device according to an embodiment of the present invention, as
well as the TFT and the PIN photodiode, a memory element, a resistor, a diode, a
capacitor, an inductor, or the like is used in some cases. Alternatively, in the
photoelectric conversion device according to an embodiment of the present invention,
instead of the longitudinal-junction PIN photodiode, a lateral-junction PN photodiode
may be used.

{0059]

First, a photodiode and a thin film transistor are formed over a
light-transmitting substrate 1301. Here, for example, a glass substrate such as a
barium borosilicate glass substrate or an aluminoborosilicate glass substrate, a quartz
substrate, or the like can be used as the substrate 1301. By using the thin film
transistor as a transistor formed over the substrate, the photodiode and the thin film
transistor can be formed over the substrate in the same step. Therefore, there is an
advantage that photoelectric conversion devices can be easily mass-produced.

[0060]

Next, a silicon nitride oxide film which serves as a base insulating film 1302
(140-nm-thick) and a silicon oxynitride film (100-nm-thick) are sequentially stacked by
plasma-enhanced CVD, and a semiconductor film such as an amorphous silicon film
containing hydrogen (50-nm-thick) is stacked thereover without being exposed to the
atmosphere. Note that the silicon nitride oxide film serves as a blocking layer which
prevents an impurity such as an alkali metal from diffusing from a glass substrate.
[0061]

Note that a silicon oxynitride film refers to a film which contains much oxygen
than nitrogen, and in the case where measuremeﬂt is performed using Rutherford
backscattering spectrometry (RBS) and hydrogen forward scattering (HFS), contains
oxygen, nitrogen, silicon, and hydrogen at concentrations ranging from 50 to 70 atomic
percent, 0.5 to 15 atomic percent, 25 to 35 atomic percent, and 0.1 to 10 atomic percent,
respectively.  Further, a silicon nitride oxide film refers to a film which contains much
nitrogen than oxygen and contains oxygen, nitrogen, silicon, and hydrogen at
concentrations ranging from 5 to 30 atomic percent, 20 to 55 atomic percent, 25 to 35
atomic percent, and 10 to 25 atomic percent, respectively. Note that percentages of

nitrogen, oxygen, silicon, and hydrogen fall within the ranges given above if the total
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number of atoms contained in silicon oxynitride or silicon nitride oxide is defined as
100 atomic percent.
[0062] ‘

Next, the amorphous silicon film is crystallized by a known technique (e.g., a
solid-phase epitaxy method, a laser crystallization method, or a crystallization method
using catalytic metal) so that a semiconductor film having a crystalline structure (a
crystalline semiconductor film), e.g., a polycrystalline silicon film is formed.

[0063]

Next, a resist mask is formed over the semiconductor film having a crystalline
structure (e.g., a crystalline silicon film) by using a first photomask and is used for
etching the semiconductor film so that it has a desired shape. Thus, a semiconductor
film which is processed into an island shape (in this specification, referred to as an
island-shaped semiconductor region 1303) is formed. After the island-shaped
semiconductor region is formed, the resist mask is removed.

[0064]

Next, if necessary, a slight amount of an impurity element (e.g., boron or
phosphorus) is added in order to control the threshold voltage of the TFT. Hefe, an ion
doping method by which diborane (B;Hg) is not mass-separated but excited by plasma is
used.

[0065]

Next, an insulating film which contains silicon as its main component and
serves as a gate insulating film 1304 is formed. Here, a silicon oxynitride film is
formed to a thickness of 30 nm by plasma-enhanced CVD.

[0066]

Next, after a conductive film is formed over the gate insulating film 1304, a
gate electrode 1305 is formed using a second photomask (see FIG. 13A). As the
conductive film, a film where 30-nm-thick tantalum and 170-nm-thick tungsten (W) are
stacked is used, for example. ‘

[0067]

For the gate electrode 1305, as well as the above film, a single-layer film

formed using an element selected from titanium (Ti), tungsten (W), tantalum (Ta),

molybdenum (Mo), neodymium (Nd), cobalt (Co), zirconium (Zr), zinc (Zn), ruthenium
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(Ru), rhodium (Rh), palladium (Pd), osmium (Os), iridium (Ir), platinum (Pt), aluminum
(Al), gold (Au), silver (Ag), or copper (Cu), or an alloy material or a compound material
containing the above element as its main component; or a single-layer film formed
using nitride of the above element, e.g., titanium nitride, tungsten nitride, tantalum
nitride, or molybdenum nitride can be used.

[0068]

Next, a source region or a drain region of the TFT is formed by introducing an
impurity which imparts one conductivity type into the island-shaped semiconductor
region 1303. Since an n-channel TFT is formed as an example in this embodiment, an
impurity which imparts n-type conductivity, such as phosphorus (P) or arsenic (As), is
introduced into the island-shaped semiconductor region 1303. In the case where a
p-channel TFT is formed, an impurity which imparts p-type conductivity is introduced
into the island-shaped semiconductor region 1303.

[0069]

Next, as a first interlayer insulating film, a silicon oxynitride film (50-nm-thick
(not illustrated)), a silicon nitride oxide film 1306 (165-nm-thick), and a silicon
oxynitride film 1307 (600-nm-thick) are formed.

[0070] |

Next, heat treatment (heat treatment at 300 to 550 °C for 1 to 12 hours, for
example, at 410 °C for 1 hour in a nitrogen atmosphere) is performed so that the
island-shaped semiconductor film is hydrogenated. This step is performed in order to
terminate dangling bonds in the island-shaped semiconductor film with hydrogen
contained in the silicon oxynitride film.

[0071]

Next, a resist mask is formed using a third photomask, and the first interlayer
insulating film and the gate insulating film 1304 are selectively etched so that contact
holes are formed. Then, the resist mask is removed.

[0072]

Next, after a conductive stacked film is formed by sputtering, a resist mask is

formed using a fourth photomask, and the conductive stacked film is selectively etched

so that a first wiring 1308 is formed (see FIG. 13B). Then, the resist mask is removed.
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Note that the conductive film in this embodiment has a three-layer structure where a
100-nm-thick Ti film, a 100-nm-thick Al film, and a 50-nm-thick Ti film are stacked.
[0073] '

Through the above steps, a top-gate TFT 1309 formed using a polycrystalline
silicon film can be formed.

[0074]

Next, an organic resin 1310 (1.5-pum-thick) is formed over the first interlayer
insulating film and the first wiring 1308 as a second interlayer insulating film.
Polyimide is used for the organic resin 1310. Alternatively, the organic resin 1310
may be formed using an organic material having heat resistance, such as acrylic,
benzocyclobutene, polyamide, or epoxy. A resist mask is formed over the organic
resin 1310 by using a fifth photomask, and the organic resin 1310 is selectively etched.
Then, the resist mask is removed.

[0075]

Next, over the organic resin 1310, a silicon nitride film 1311 (100-nm-thick)
and a silicon oxide film 1312 (200-nm-thick) are sequentially formed. A resist mask is
formed using a sixth photomask, and the silicon nitride film 1311 and the silicon oxide
film 1312 are selectively etched. Then, the resist mask is removed. The silicon oxide
film 1312 can be formed using a mixed gas of silane and oxygen, tetraethoxysilane
(TEOS) and oxygen, or the like by a method such as thermal CVD, plasma-enhanced
CVD, atmospheric pressure CVD, or bias ECRCVD. Further, typically, the silicon
nitride film 1311 can be formed using a mixed gas of silane and ammonia by
plasma-enhanced CVD.

[0076]

Next, after a conductive film formed using a Ti film is formed over the second
interlayer insulating film and the first wiring 1308, a resist mask is formed using a
seventh photomask, and the conductive film is selectively etched so that a second
wiring 1313 is formed. Note that the second wiring 1313 is etched using a halftone
exposure technique or the like so that end portions of the second wiring 1313 are
tapered.

[0077]

Next, a photoelectric conversion element 1314 formed using a photodiode is
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formed over the second interlayer insulating film and the second wiring 1313 (see FIG.
13C). Here, the photoelectric conversion element 1314 is formed using an amorphous
silicon film having a three-layer structure of a layer which has p-type conductivity
(60-nm-thick), a layer which has i-type (intrinsic) conductivity (400-nm-thick), and a
layer which has n-type conductivity (80-nm-thick). The amorphous silicon film
having a three-layer structure is formed as the photoelectric conversion element 1314.
A resist mask is formed using an eighth mask, and the amorphous silicon film having a
three-layer structure is selectively etched. Then, the resist mask is removed.

[0078]

Note that over the one substrate 1301, a plurality of photoelectric conversion
devices are formed simultaneously through the same steps. Therefore, it is necessary
to cut the substrate 1301 into seprate sections in accordance with the size of the plurality
of photoelectric conversion devices.  In order to prevent an mpurity from entering side
surfaces of the divided photoelectric conversion device, the stacked film formed over
the silicon nitride oxide film serving as the base insulatng film 1302, which is provided
in regions 1334 (portions expressd by dashed-dotted lines) which serves as the side
surfaces of the photoelectric conversion device, is removed, as illustrated in FIG. 13D.
This step is performed by forming a resist mask by using a ninth mask and performing
selevetive etching. Then, the resist mask is removed.

[0079]

Next, over the silicon nitride oxide film serving as the base insulating film
1302, the silicon oxide film 1312 serving as the second interlayer insulating film, the
second wiring 1313, and the photoelectric conversion element 1314, a silicon nitride
film 1315 (100-nm-thick) and a silicon oxide film 1316 (400-nm-thick) are sequentially
formed as a third interlayer insulating film. A resist mask is formed using a tenth
photomask, and the silicon nitride film 1315 and the silicon oxide film 1316 are
selectively etched. Then, the resist mask is removed.

[0080]

Next, after a conductive stacked film is formed over the third interlayer
insulating film, the second wiring 1313, and the photoelectric conversion element 1314,
a resist mask is formed using an eleventh photomask, and the conductive stacked film is

selectively etched so that third wirings 1317 are formed. Note that the conductive film
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in this embodiment has a three-layer structure where a 50-nm-thick Ti film, a
100-nm-thick Al film, and a 50-nm-thick Ti film are stacked.
[0081]

Next, over the silicon oxide film 1316 serving as the third interlayer insulating
film and the third wirings 1317 and in the regions 1334 which are the side surfaces of
the photoelectric conversion device, a silicon nitride film 1318 (100-nm-thick) is
formed (see FIG. 13D). A resist mask is formed using a twelfth photomask, and the
silicon nitride film 1318 is selectively etched. Then, the resist mask is removed.

[0082]

Next, an insulating resin film 1319 (25-um-thick) is formed. With the
insulating resin film 1319, a top surface and side surfaces of a layer including the TFT
1309 are sealed. The insulating resin film 1319 is formed using a photosensitive
epoxy-phenol-based resin film by a printing method. Note that opening portions for
inputting and outputting signals from the photoelectric conversion device are provided
in the insulating resin film 1319.

[0083]

Next, a terminal electrode of the photoelectric conversion device is formed
over the insulating resin film 1319. First, a first conductive film 1320 is formed to a
thickness of approximately 15 um by using a conductive paste containing nickel
particles by a screen printing method.

[0084]

A conductive paste refers to a material in which conductive particles or
conductive powder is dispersed into a binder formed using a resin. By solidifying such
a conductive paste, a conductive resin film is formed. Thus, since the first conductive
film 1320 is formed using a conductive resin film, adhesion thereof to a solder is weak.
Therefore, in order to improve the adhesion of the terminal electrode to a solder, a
conductive film having. a predetermined shape is formed on a top surface of the first
conductive film 1320 by sputtering using a metal mask. For example, over the first
conductive film 1320, a titanium film 1321 (150-nm-thick), a nickel film 1322
(750-nm-thick), and a gold (Au) film 1323 (50-nm-thick) are sequentially stacked (see
FIG. 14).
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[0085]

Note that as for the photoelectric conversion device, the substrate 1301 is cut
into separate photoelectric conversion devices. The substrate 1301 can be cut by
dicing, laser cutting, or the like.

[0086]

Through the above steps, the photoelectric conversion device can be
manufactured.
[0087]

Note that the contents described in each drawing in this embodiment can be
freely combined with or replaced with the contents described in any of the other
embodiments as appropriate.

[0088]
(Embodiment 4)

In a photoelectric conversion device according to an embodiment of the present
invention, a signal having a ramp wave with frequency corresponding to illuminance
can be output as a digital signal without being adversely affected by circuit delay due to
parasitic capacitance or the like. Thus, in an electronic device having the photoelectric
conversion device according to an embodiment of the present invention, illuminance
can be detected in the electronic device with high accuracy and improvement in
visibility and reduction in power consumption can be achieved because the electronic
device has the photoeléctric conversion device as its component. The photoelectric
conversion device according to an embodiment of the present invention can be used for
display devices, laptops, 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).
Further, as electronic devices which can include the photoelectric conversion device
according to an embodiment of the present invention, there are mobile phones, portable
game machines, e-book readers, cameras such as video cameras or digital still cameras,
goggle-type displays (head mounted displays), navigation systems, and audio
reproducing devices (e.g., car audio equipment or audio component sets). Specific
examples of such electronic devices are illustrated in FIGS. 15A and 15B.

[0089]
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FIG. 15A illustrates a display device, which includes a housing 5001, a display
portion 5002, a sensor portion 5003, and the like. The photoelectric conversion device
according to an embodiment of the present invention can be used for the sensor portion
5003. The sensor portion 5003 detects the illuminance of external light. The display
device can control the luminance of the display portion 5002 in accordance with the
detected illuminance. By controlling the luminance of the display portion 5002 in
accordance with the illuminance, power consumption of the display device can be
reduced.

[0090]

Note that the display device in FIG. 15A can also project an image 5004 on a
wall or the like by a MEMS technique or the like. The luminance of the image 5004
can also be controlled by the sensor portion 5003, so that power consumption of the
display device can be reduced. Note that the display device includes all display
devices for displaying information, such as display devices for p;arsonal computers, for
receiving TV broadcast, and for displaying advertisements, in its category
[0091]

FIG. 15B illustrates a mobile phone, which includes a main body 5101, a
display portion 5102, an audio input portion 5103, an audio output portion 5104,
operation keys 5105, a sensor portion 5106, and the like. The sensor portion 5106
detects the intensity of external light. The mobile phone can control the luminance of
the display portion 5102 or the operation keys 5105 in accordance with the detected
illuminance. By controlling the luminance of the display portion 5102 or the operation
keys 5105 in accordance with the illuminance, power consumption of the mobile phone
can be reduced.

[0092]

Note that the contents described in each drawing in this embodiment can be

freely combined with or replaced with the contents described in any of the other

embodiments as appropriate.

This application is based on Japanese Patent Application serial no.
2008-204965 filed with Japan Patent Office on August 8, 2008, the entire contents of

which are hereby incorporated by reference.
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CLAIMS

1. A photoelectric conversion device comprising:

a photoelectric conversion element capable of generating a photocurrent;

a ramp-wave output circuit configured to output a ramp-wave signal having
frequency corresponding to an amount of the photocurrent; |

a first comparator configured to compare the ramp-wave signal and a first
potential;

a second comparator configured to compare the ramp-wave signal and a second
potential;

a flip-flop circuit configured to receive a first output signal of the first
comparator and a second output signal of the second comparator and generate a clock
signal having a frequency depending upon the amount of the photocurrent,

a NOR circuit configured to receive the first output signal of the first
comparator and the second output signal of the second comparator;

a counter circuit configured to count a pulse number of the clock signal; and

a pulse output circuit including a switch, the pulse output circuit being
configured to generate a period during which the pulse number is counted in the counter
circuit,

wherein the switch is configured to stop generation of the period during which

the pulse number is counted in accordance with an output signal of the NOR circuit.

2. A photoelectric conversion device comprising:

a photoelectric conversion element capable of generating a photocurrent;

a plurality of amplifier circuits electrically connected to the photoelectric
conversion element;

a ramp-wave output circuit configured to output a ramp-wave signal having
frequency corresonding to an amount of the photocurrent;

a switching circuit configured to selectively connect one of the plurality of
amplifier circuits to the ramp-wave output circuit;

a first comparator configured to compare the ramp-wave signal and a first
potential;

a second comparator configured to compare the ramp-wave signal and a second
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potential; ‘

a flip-flop circuit configured to receive a first output signal of the first
comparator and a second output signal of the second comparator and generate a clock
signal having a frequency depending upon the amount of the photocurrent;

a NOR circuit configured to receive the first output signal of the first
comparator and the second output signal of the second comparator;

a counter circuit configured to count a pulse number of the clock signal;

a pulse output circuit including a switch, the pulse output circuit being
configured to generate a period during which the pulse number is counted in the counter
circuit; and

wherein the switch is configured to stop generation of the period during which

the pulse number is counted in accordance with an output signal of the NOR circuit.

3. A photoelectric conversion device comprising:

a photoelectric conversion element capable of generating a photocurrent;

a plurality of amplifier circuits electrically connected to the photoelectric
conversion element;

a ramp-wave output circuit configured to output a ramp-wave signal having
grequency corresonding to an amount of the photocurrent;

a switching circuit configured to selectrively connect one of the plurality of
amplifier circuits to the ramp-wave output circuit;

a first comparator configured to compare the ramp-wave signal and a first
potential;

a second comparator configured to compare the ramp-wave signal and a second
potential;

a flip-flop circuit configured to receive a first output signal of the first
comparator and a second output signal of the second comparator and generate a clock
signal having a frequency depending upon the amount of the photocurrent;

a NOR circuit configured to receive the first output signal of the first
comparator and the second output signal of the second comparator;

a counter circuit configured to count a pulse number of the clock signal; and

a pulse output circuit including a switch, the pulse output circuit being
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configured to generate a period during which the pulse number is counted in the counter

circuit; and

wherein the switch is configured to stop generation of the period during which
the pulse number is counted in accordance with an output signal of the NOR circuit, and

wherein the plurality of amplifier circuits have different amplifiction factors.

4. The photoelectric conversion device according to claim 2,

wherein each of the plurality of amplifier circuits is a current mirror circuit.

3. The photoelectric conversion device according to claim 3,

wherein each of the plurality of amplifier circuits is a current mirror circuit.

6. The photoelectric conversion device according to claim 1,

wherein the pulse output circuit includes an oscillator circuit and a counter
circuit, and

wherein the switch is configured to output a pulse by intermittent input of a

clock signal output from the oscillator circuit to the counter circuit.

7. The photoelectric conversion device according to claim 2,

wherein the pulse output circuit includes an oscillator circuit and a counter
circuit, and

wherein the switch is configured to output a pulse by intermittent input of a

clock signal output from the oscillator circuit to the counter circuit.

8. The photoelectric conversion device according to claim 3,

wherein the pulse output circuit includes an oscillator circuit and a counter
circuit, and

wherein the switch is configured to output a pulse by intermittent input of a

clock signal output from the oscillator circuit to the counter circuit.

9. The photoelectric conversion device according to claim 4,

wherein the pulse output circuit includes an oscillator circuit and a counter
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circuit, and
wherein the switch is configured to output a pulse by intermittent input of a

clock signal output from the oscillator circuit to the counter circuit.

10. The photoelectric conversion device according to claim 5,

wherein the pulse output circuit includes an oscillator circuit and a counter
circuit, and

wherein the switch is configured to output a pulse by intermittent input of a

clock signal output from the oscillator circuit to the counter circuit.

11. An electronic device comprising the photoelectric conversion device

according to Claim 1.

12. An electronic device comprising the photoelectric conversion device

according to Claim 2.

13. An electronic device comprising the photoelectric conversion device

according to Claim 3.

14. A mobile phone comprising:
a display device; and
a photoelectric conversion device operationally connected to the display device,
the photoelectric conversion device comprising:
a photoelectric conversion element capable of generating a
photocurrent;
a ramp-wave output circuit configured to output a ramp-wave signal
having frequency corresponding to an amount of the photocurrent;
a first comparator configured to compare the ramp-wave signal and a
first potential;
a second comparator configured to compare the ramp-wave signal and
a second potential; |

a flip-flop circuit configured to receive a first output signal of the first
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comparator and a second output signal of the second comparator and generate a clock
signal having a frequency depending upon the amount of the photocurrent,

a NOR circuit configured to receive the first output signal of the first
comparator and the second output signal of the second comparator;

a counter circuit configured to count a pulse number of the clock
signal; and

a pulse output circuit including a switch, the pulse output circuit being

.configured to generate a period during which the pulse number is counted in the counter

circuit,
wherein the switch is configured to stop generation of the period during which

the pulse number is counted in accordance with an output signal of the NOR circuit.

15. A mobile phone comprising;:
a display device; and
a photoelectric conversion device operationally connected to the display device,
the photoelectric conversion device comprising:
a photoelectric conversion element capable of generating a
photocurrent;
a plurality of amplifier circuits electrically connected to the
photoelectric conversion element;
a ramp-wave output circuit configured to output a ramp-wave signal
having frequency corresonding to an amount of the photocurrent;
a switching circuit configured to selectively connect one of the
plurality of amplifier circuits to the ramp-wave output circuit;
a first comparator configured to compare the ramp-wave signal and a
first potential; |
a second comparator configured to compare the ramp-wave signal and
a second potential; ’
a flip-flop circuit configured to receive a first output signal of the first
comparator and a second output signal of the second comparator and generate a clock
signal having a frequency depending upon the amount of the photocurrent;

a NOR circuit configured to receive the first output signal of the first
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comparator and the second output signal of the second comparator;

a counter circuit configured to count a pulse number of the clock
signal;

a pulse output circuit including a switch, the pulse output circuit being
configured to generate a period during which the pulse number is counted in the counter
circuit; and

wherein the switch is configured to stop generation of the period during which

the pulse number is counted in accordance with an output signal of the NOR circuit.

16. The mobile phone according to claim 15,

wherein each of the plurality of amplifier circuits is a current mirror circuit.

17. The mobile phone according to claim 14,

wherein the pulse output circuit includes an oscillator circuit and a counter
circuit, and

wherein the switch is configured to output a pulse by intermittent input of a

clock signal output from the oscillator circuit to the counter circuit.

18. The mobile phone according to claim 15,

wherein the pulse output circuit includes an oscillator circuit and a counter
circuit, and

wherein the switch is configured to output a pulse by intermittent input of a

clock signal output from the oscillator circuit to the counter circuit.
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EXPLANATION OF REFERENCE
100: photoelectric conversion device, 101: photoelectric conversion element, 102:
amplifier circuit, 103: ramp-wave output circuit, 104: comparator, 105: comparator,
106: flip-flop circuit, 107: NOR circuit, 108: counter circuit, 109: latch circuit, 110:
pulse output circuit, 111: switch, 112: n-channel transistor, 113: n-channel transistor,
200: amplifier circuit, 201: n-channel transistor, 202: n-channel transistor, 210:
switching circuit, 211: switch, 212: switch, 301: p-channel transistor, 302: p-channel
transistor, 303: p-channel transistor, 304: p-channel transistor, 305: n-channel transistor,
306: n-channel transistor, 307: n-channel transistor, 308: n-channel transistor, 309:
capacitor, 401: period, 402: period, 403: arrow, 404: arrow, 410: nitrogen atmosphere,
501: oscillator circuit, 502: counter circuit, 503: constant current circuit, 504: current
mirror circuit, 505: transistor, 506: transistor, 507: transistor, 508: capacitor, 509:
comparator, 601: period, 602: period, 701: period, 702: period, 1100: photo IC, 1101:
address memory, 1102: I12C interface circuit, 1111: microcomputer, 1112: display driver,
1113: LED driver, 1121: address memory, 1122: I12C interface circuit, 1123: logic
portion, 1131: address memory, 1132: I12C interface circuit, 1133: logic portion, 1201:
LED driver, 1301: substrate, 1302: base insulating film, 1303: island-shaped
semiconductor region, 1304: gate insulating film, 1305: gate electrode, 1306: silicon
nitride oxide film, 1307: silicon oxynitride film, 1308: wiring, 1309: TFT, 1310: organic
resin, 1311: silicon nitride film, 1312: silicon oxide film, 1313: wiring, 1314:
photoelectric conversion element, 1315: silicon nitride film, 1316: silicon oxide film,
1317: wiring, 1318: silicon nitrtde film, 1319: insulating resin film, 1320: conductive
film, 1321: titanium film, 1322: nickel film, 1323: gold (Au) film, 1334: region, 5001:
housing, 5002: display portion, 5003: sensor portion, 5004: image, 5101: main body,
5102: display portion, 5103: audio input portion, 5104: audio output portion, 5105:

operation key, and 5106: sensor portion



INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2009/063717

A.  CLASSIFICATION OF SUBJECT MATTER
Int.Cl. HO1L31/10(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Int.Cl. HO1L31/10

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Published examined utility model applications of Japan 1922-1996
Published unexamined utility model applications of Japan 1971-2009
Registered utility model specifications of Japan 1996-2009
Published registered utility model applications of Japan 1994-2009

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A JP 2006-112794 A (Seiko Epson Corporation) ,2006.04.27, [1-18
Full text; all drawings
& US 2006/0077169 A1l & KR 10-2006-0050936 A
& CN 1760650 A & TW 275057 B
A JP 2006-118965 A (Seiko Epson Corporation) ,2006.05.11, |1-18
Full text; all drawings (Family: none)
A JP 10-284752 A (DENSO CORPORATION), 1998.10.23, [1-18
Full text; all drawings
& US 2001/0048140 Al & US 2004/0061193 Al
A JP 10-284712 A (DENSO CORPORATION), 1998.10.23, [1-18
Full text; all drawings
& US 2001/0048140 Al & US 2004/0061193 Al
¥  Further documents are listed in the continuation of Box C. {"  Sce patent family annex.
* Special categorie.s of cited documents: o «T” later document published after the international filing date or
“A” document defining the general state of the art which is not priority date and not in conflict with the application but cited to

considered to be of particular relevance

“E” earlier application or patent but published on or after the inter-
national filing date

“L” document which may throw doubts on priority claim(s) or which
is cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later

than the priority date claimed

understand the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot
be considered novel or cannot be considered to involve an
inventive step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot

be considered to involve an inventive step when the document is
combined with one or more other such documents, such
combination being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

27.10.2009

Date of mailing of the international search report

10.11.2009

Name and mailing address of the ISA/JP
Japan Patent Office
3-4-3, Kasumigaseki, Chiyoda-ku, Tokyo 100-8915, Japan

Authorized officer

YOSHINO Mihiro

2K[9010

Telephone No. +81-3-3581-1101 Ext. 3255

Form PCT/ISA/210 (second sheet) (April 2007)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2009/063717

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

WO 2007/035858 A (DAVIDOVICI, Sorin) , 2007.03.29,
Full text; all drawings

& JP 2009-509473 A & US 2007/0064146 Al

& EP 1935018 A & KR 10-2008-0050515 A

& CN 101365930 A

JP 2008-182219 A (Semiconductor Energy Laboratory Co.
itd. ), 2008.08.07,

Full text; all drawings

& US 2008/0158137 Al & KR 10-2008-0063198 A
& CN 101212854 A

1-18

Form PCT/ISA/210 (continuation of second sheet) (April 2007)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - wo-search-report
	Page 51 - wo-search-report

