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(54) IMAGE-CAPTURING ELEMENT AND IMAGE-CAPTURING DEVICE

(57) An image sensor includes: a first readout circuit
that reads out a first signal, being generated by an electric
charge resulting from a photoelectric conversion, to a
first signal line; a first holding circuit that holds a voltage
based on an electric current from a power supply circuit;
and a first electric current source that supplies the first

signal line with an electric current generated by the volt-
age held in the first holding circuit, wherein: the first hold-
ing circuit holds the voltage based on the electric current
from the power supply circuit when the first signal is not
read out to the first signal line by the first readout circuit.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an image sen-
sor and an image-capturing device.

BACKGROUND ART

[0002] An image-capturing device has been known
which can perform parallel processing of signals read
from pixels for individual unit pixel cells or for individual
cells including a plurality of pixels (PTL1).

CITATION LIST

PATENT LITERATURE

[0003] PTL1: Japanese Laid-Open Patent Publication
No. 2012-244331

SUMMARY OF INVENTION

[0004] According to the first aspect of the present in-
vention, an image sensor comprises: a first readout cir-
cuit that reads out a first signal, being generated by an
electric charge resulting from a photoelectric conversion,
to a first signal line; a first holding circuit that holds a
voltage based on an electric current from a power supply
circuit; and a first electric current source that supplies the
first signal line with an electric current generated by the
voltage held in the first holding circuit, wherein: the first
holding circuit holds the voltage based on the electric
current from the power supply circuit when the first signal
is not read out to the first signal line by the first readout
circuit.

BRIEF DESCRIPTION OF DRAWINGS

[0005]

[Fig. 1] Fig. 1 is a block diagram illustrating a config-
uration of an image-capturing device 1 according to
a first embodiment.
[Fig. 2] Fig. 2 is a block diagram illustrating a config-
uration of an image sensor 3 according to the first
embodiment.
[Fig. 3] Fig. 3 is a block diagram illustrating a config-
uration of a pixel 10 according to the first embodi-
ment.
[Fig. 4] Fig. 4 is a circuit diagram illustrating a con-
figuration of an electric current source circuit unit 120
according to the first embodiment.
[Fig. 5] Fig. 5 is a timing chart illustrating an exem-
plary operation of the electric current source circuit
unit 120 according to the first embodiment.
[Fig. 6] Fig. 6(a) is a view illustrating a part of a pixel
circuit 150, a part of an electric current source circuit

50, and a reference electric current source circuit 31
according to the first embodiment. Fig. 6(b) is a view
illustrating a connection relationship of a part of the
pixel circuit 150, a part of the electric current source
circuit 50, and the reference electric current source
circuit 31 according to the first embodiment.
[Fig. 7] Fig. 7 is a timing chart illustrating an exem-
plary operation during long shooting of the image-
capturing device 1 according to the first embodiment.
[Fig. 8] Fig. 8 is a timing chart illustrating another
exemplary operation during long shooting of the im-
age-capturing device 1 according to the first embod-
iment.
[Fig. 9] Fig. 9 is a timing chart illustrating an exem-
plary operation during continuous shooting of the im-
age-capturing device 1 according to a second em-
bodiment.
[Fig. 10]Fig. 10 is a timing chart illustrating another
exemplary operation during continuous shooting of
the image-capturing device 1 according to the sec-
ond embodiment.
[Fig. 11] Fig. 11 is a timing chart illustrating another
exemplary operation during continuous shooting of
the image-capturing device 1 according to the sec-
ond embodiment.
[Fig. 12] Fig. 12 is a timing chart illustrating an ex-
emplary operation of the image-capturing device 1
according to a third embodiment.

DESCRIPTION OF EMBODIMENTS

First Embodiment

[0006] Fig. 1 is a block diagram illustrating a configu-
ration of an image-capturing device 1 according to a first
embodiment. The image-capturing device 1 includes an
optical system 2, an image sensor 3, an operation unit
4, a control unit 5, and a long exposure setting unit 6.
The optical system 2 transmits light from a subject to the
image sensor 3. The image sensor 3 captures an image
of the light transmitted from the optical system 2 and gen-
erates image data, for example. The control unit 5 per-
forms various types of image processing on the image
data outputted from the image sensor 3. The control unit
5 further outputs a control signal for controlling operations
of the image sensor 3 to the image sensor 3. It should
be noted that the optical system 2 may be detachable
from the image-capturing device 1.
[0007] The operation unit 4 includes various operation
members such as a release operation member that starts
a shooting operation, a zoom operation member that
starts a zooming operation of the optical system 2, and
a mode selection operation member that selects among
various shooting modes. The operation unit 4 outputs
operation signals based on the operation of each of the
operation members. The control unit 5 generates a con-
trol signal based on the operation signal outputted from
the operation unit 4, for example, to control the compo-
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nents of the image sensor 1 such as the image sensor 3.
[0008] The long exposure setting unit 6 sets a long
shooting (exposure), an exposure time of one second or
longer, for example. The long exposure setting unit 6
includes, for example, a time shooting setting unit that
starts an exposure in response to a depression of the
release operation member and terminates the exposure
in response to second depression of the release opera-
tion member; a bulb shooting setting unit that starts an
exposure in response to a depression of the release op-
eration member, continues the exposure during the de-
pression, and terminates the exposure in response to the
end of the depression of the release operation member;
an automatic exposure calculation unit that automatically
sets a long exposure period based on a luminance of a
subject; and a manual long exposure setting unit that
sets a long exposure period by a manual operation.
[0009] Fig. 2 is a block diagram illustrating a configu-
ration of the image sensor 3 according to the first em-
bodiment. The image sensor 3 includes a plurality of pix-
els 10 arranged in a matrix, a pixel control unit 11 that
controls the pixels 10, and an electric current source cir-
cuit unit 120. The pixel control unit 11 includes a charge
accumulation time control unit 111, a bias voltage preset
unit 112, and a bias voltage refresh unit 113.
[0010] The charge accumulation time control unit 111
controls a charge accumulation time of the pixels 10. The
bias voltage preset unit 112 presets a bias voltage based
on an operation signal depending on the operation of the
release operation member, as will be described later in
detail. The bias voltage refresh unit 113 generates a re-
fresh timing signal for refreshing the bias voltage, as will
be described later in detail.
[0011] For the sake of convenience, the pixels 10 are
arranged in eight rows 3 ten columns. In other words,
eight pixels 10 are arranged in a column direction (in a
vertical direction in Fig. 2), and ten pixels 10 are arranged
in a row direction (in a horizontal direction in Fig. 2). The
electric current source circuit unit 120 includes as many
(i.e., 10) electric current source circuits 50a to 50j as the
pixels 10 arranged in one row, and also includes a ref-
erence electric current source circuit 31 including a ref-
erence electric current source I1 that supplies reference
electric current to the plurality of electric current source
circuits 50.
[0012] Fig. 3 is a circuit diagram illustrating a configu-
ration of the pixel 10 according to the first embodiment.
The image sensor 3 has a plurality of pixels 10. The pixel
10 includes a photoelectric conversion unit 12 and a re-
adout circuit 100. The photoelectric conversion units 12
are arranged in a matrix, for example, in an image-cap-
turing region of the image sensor 3. The photoelectric
conversion unit 12 has a photoelectric conversion func-
tion of converting incident light into an electric charge.
The photoelectric conversion unit 12 accumulates the
electric charge resulting from the photoelectric conver-
sion. The photoelectric conversion unit 12 is constructed
by a photodiode, for example. The readout circuit 100

reads out a pixel signal to the signal line 17, the pixel
signal being generated by the electric charge resulting
from the photoelectric conversion by the photoelectric
conversion unit 12. The pixel signal constitutes image
data, for example. The readout circuit 100 includes a
transfer unit 13, a discharge unit 14, a floating diffusion
15, and an output unit 16.
[0013] The transfer unit 13 is driven by a transfer signal
TX to transfer the electric charge photoelectrically con-
verted by the photoelectric conversion unit 12 to the float-
ing diffusion 15. In other words, the transfer unit 13 forms
an electric charge transfer path between the photoelec-
tric conversion unit 12 and the floating diffusion 15. The
output unit 16 outputs a pixel signal to the signal line 17,
the pixel signal being generated by the electric charge
transferred by the transfer unit 13 from the photoelectric
conversion unit 12 to the floating diffusion 15. The output
unit 16 is a transistor having a drain terminal, a gate ter-
minal, and a source terminal connected to the power sup-
ply VDD, the floating diffusion 15, and the signal line 17,
respectively. The discharge unit 14 is driven by a reset
signal RST to discharge the electric charge of the floating
diffusion 15. The floating diffusion 15 is reset to a refer-
ence potential by discharging the electric charge with the
discharge unit 14.
[0014] An electric current source 30 is connected to
the readout circuit 100 via the signal line 17. The electric
current source 30 supplies an electric current for causing
the readout circuit 100 to read out the pixel signal gen-
erated by the electric charge resulting from the photoe-
lectric conversion by the photoelectric conversion unit
12. Specifically, the electric current source 30 is a tran-
sistor having a drain terminal, a gate terminal, and a
source terminal connected to the signal line 17, the elec-
tric current source circuit 50, and a ground (GND), re-
spectively. The electric current source 30 supplies an
electric current to the output unit 16 of the readout circuit
100. In other words, the output unit 16 constitutes a
source follower circuit with the electric current source 30
as a load electric current source. The electric current
source 30 generates an electric current to be supplied to
the signal line 17 based on an electric current from the
electric current source circuit 50. Additionally, the drain
terminal and the gate terminal are connected to the elec-
tric current source 30.
[0015] The shooting operation, i.e., the exposure op-
eration of the pixel 10 will now be described. In response
to a shooting start signal, i.e., a release signal by the
release operation member, the electric charge accumu-
lation time control unit 111 sets the transfer signal TX
and the reset signal RST to high level. A transfer tran-
sistor M1 and a reset transistor M2 are turned on to dis-
charge and reset an electric charge of the photoelectric
conversion unit 12 and an electric charge of the floating
diffusion 15. When the electric charge accumulation time
control unit 111 sets the transfer signal TX and the reset
signal RST to low level (for example, the ground level)
to terminate the resetting, the photoelectric conversion
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unit 12 starts accumulation of an electric charge depend-
ing on incident light. In other words, an exposure opera-
tion is started.
[0016] After a predetermined exposure time has
elapsed, the electric charge accumulation time control
unit 111 sets the transfer signal TX to high level (for ex-
ample, the power supply VDD level). Responding to turn-
ing on of the transfer transistor M1, the electric charge
accumulated in the photoelectric conversion unit 12 dur-
ing the exposure time is transferred to the floating diffu-
sion 15. A pixel signal generated by the electric charge
transferred to the floating diffusion 15 is outputted to the
signal line 17 by the output unit 16 and then converted
into a digital signal by an analog/digital conversion circuit
(not illustrated). In this way, the electric charge accumu-
lation time control unit 111 controls the electric charge
accumulation time of the pixel 10 with the transfer signal
TX and the reset signal RST.
[0017] A comparator circuit constituting a part of the
analog/digital conversion circuit outputs an output signal
generated by comparing a pixel signal with a reference
signal, to a latch circuit. The latch circuit holds a count
value corresponding to the time elapsed since the start
of the comparison, based on the output signal of the com-
parator circuit.
[0018] Fig. 4 is a circuit diagram illustrating a configu-
ration of the electric current source circuit unit 120 ac-
cording to the first embodiment. In the configuration il-
lustrated in Fig. 4 as an example, only three supply units
130 (supply units 130A to 130C) are illustrated for the
sake of simplification.
[0019] The reference electric current source circuit 31
has the reference electric current source I1. The refer-
ence electric current source I1 is connected to the power
supply VDD and outputs a reference electric current i1.
The supply unit 130 outputs an electric current corre-
sponding to the reference electric current i1 outputted
from the reference electric current source I1.
[0020] A storage circuit 110 has a storage unit 32 and
an adjustment unit 33. The storage circuit 110 (storage
circuits 110A to 110C) stores a voltage based on the
reference electric current i1 outputted from the reference
electric current source I1 in the storage unit 32. The stor-
age unit 32 is connected to a gate terminal of the supply
unit 130 to supply the stored voltage to the supply unit
130.
[0021] The supply unit 130 generates an electric cur-
rent based on the voltage stored in the storage unit 32.
The storage unit 32 is constituted with a capacitive ele-
ment such as a capacitor having one electrode connect-
ed to the gate terminal of the supply unit 130 and the
other electrode connected to the ground, for example. In
the example illustrated in Fig. 4, the storage units 32 (stor-
age units 32A to 32C) include capacitors C1 to C3, re-
spectively.
[0022] The adjustment unit 33 adjusts an electric cur-
rent supplied from the reference electric current source
circuit 31 to the storage unit 32. For example, if a voltage

based on the electric current outputted from the reference
electric current source I1 is to be stored in the storage
unit 32A, the adjustment unit 33 adjusts electric currents
supplied from the reference electric current source I1 to
the storage units 32B and 32C to be smaller than an
electric current supplied from the reference electric cur-
rent source I1 to the storage unit 32A.
[0023] The adjustment unit 33 is constituted with
switches that connect the reference electric current
source circuit 31 and the storage unit 32, for example.
The adjustment unit 33 (adjustment units 33A to 33C)
includes a switch SWS (SWS1 to SWS3, respectively),
a switch SWD (SWD1 to SWD3, respectively), and a
switch SWO (SWO1 to SWO3, respectively).
[0024] Each of the switches SWS (SWS1 to SWS3),
SWD (SWD1 to SWD3) and SWO (SWO1 to SWO3) is
constituted with a transistor, for example. The switches
SWS (SWS1 to SWS3), SWD (SWD1 to SWD3), and
SWO (SWO1 to SWO3) are controlled by control signals
outputted by the pixel control unit 11.
[0025] Fig. 5 is a timing chart illustrating an exemplary
operation of the adjustment unit 33 according to the first
embodiment. In Fig. 5, reference signs SWS1 to SWS3,
SWD1 to SWD3, and SWO1 to SWO3 indicate control
signals inputted to the switches SWS (SWS1 to SWS3),
SWD (SWD1 to SWD3), and SWO (SWO1 to SWO3)
from the pixel control unit 11. Additionally, the vertical
axis indicates voltage level of the control signal outputted
from the pixel control unit 11, and the horizontal axis in-
dicates time. The switches SWS (SWS1 to SWS3), SWD
(SWD1 to SWD3), and SWO (SWO1 to SWO3) are
turned on if the input control signal is at high level and
are turned off if the input control signal is at low level.
[0026] At a time t1, the switches SWS1 and SWD1 are
turned to high level. Once the switch SWD1 is turned on,
the gate terminal and the drain terminal of the supply unit
130A are connected. The supply unit 130A is thus diode-
connected. Furthermore, once the switch SWS1 is turned
on, the reference electric current source I1 is connected
to the supply unit 130A and the storage unit 32A. This
causes the reference electric current i1 to be supplied
from the reference electric current source I1 to the supply
unit 130A and the storage unit 32A.
[0027] A gate-source voltage Vgs of the supply unit
130A is a value based on the reference electric current
i1 and a threshold voltage Vth1 of the supply unit 130A.
A voltage Vg1 applied to the gate terminal of the supply
unit 130A is a value depending on the gate-source volt-
age Vgs of the supply unit 130A and thus based on the
reference electric current i1 and the threshold voltage
Vth1 of the supply unit 130A. The voltage Vg1 is stored
in the storage unit 32A by the reference electric current i1.
[0028] At a time t2, the switch SWD1 is turned to low
level. Once the switch SWD1 is turned off, the reference
electric current source I1 and the storage unit 32A are
disconnected. The gate-source voltage Vgs of the supply
unit 130A is stored in the storage unit 32A. Turning off
the switch SWD1 prior to the switch SWS1 can prevent
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the voltage Vg1 stored in the storage unit 32A from drop-
ping through the supply unit 130A.
[0029] At a time t3, the switch SWS1 is turned to low
level. Once the switch SWS1 is turned off, the reference
electric current source I1 and the supply unit 130A are
disconnected. Likewise, once the switches SWS2 and
SWD2 are turned on, the reference electric current
source I1 is connected to the supply unit 130B and the
storage unit 32B. This causes the reference electric cur-
rent i1 to be supplied from the reference electric current
source I1 to the supply unit 130B and the storage unit
32B. During a period between a time t4 and a time t5,
the switches SWD2 and SWS2 are turned to low level.
Once the switches SWD2 and SWS2 are turned off, the
reference electric current source I1 and the storage unit
32B are disconnected. A gate-source voltage Vgs of the
supply unit 130B is stored in the storage unit 32B.
[0030] At a time t5, the switches SWS3 and SWD3 are
turned to high level. Once the switches SWS3 and SWD3
are turned on, the reference electric current source I1 is
connected to the supply unit 130C and the storage unit
32C. This causes the reference electric current i1 to be
supplied from the reference electric current source I1 to
the supply unit 130C and the storage unit 32C. During a
period between a time t6 and a time t7, the switches
SWD3 and SWS3 are turned to low level. Once the
switches SWD3 and SWS3 are turned off, the reference
electric current source I1 and the storage unit 32C are
disconnected. A gate-source voltage Vgs of the supply
unit 130C is stored in the storage unit 32C.
[0031] At a time t8, the switches SWO1 to SWO3 are
turned to high level. Once the switches SWO1 to SWO3
are turned on, the supply units 130A to 130C generate
and output electric currents based on the voltages Vg1
to Vg3, respectively, applied to the gate terminals of the
supply units.
[0032] Fig. 6(a) is a circuit diagram illustrating a part
of a pixel circuit 150, the electric current source circuit
50, and the reference electric current source circuit 31
according to the first embodiment. Fig. 6(b) is a diagram
illustrating a connection relationship between the part of
the pixel circuits 150, the electric current source circuit
50, and the reference electric current source circuit 31
according to the first embodiment.
[0033] An example illustrated in Fig. 6(b) includes pixel
circuits 150 constituting eight rows and ten columns.
Each pixel circuit 150 includes a pixel 10, an electric cur-
rent source 30 arranged for the individual pixel 10, a sec-
ond storage unit 132 that stores a voltage based on an
electric current from the electric current source circuit 50,
a switch SWS2, a switch SWD2, and a switch SWO2.
The number of the pixel circuits 150 is the same as the
number of the pixels 10 of the image sensor 3. The
number of the current source circuits 50 is the same as
the number of columns of the pixel circuits 150 of the
image sensor 3. Since the pixel circuits 150 constitute
ten columns in Fig. 6(b), ten electric current source cir-
cuits 50 (electric current source circuits 50a to 50j) are

accordingly illustrated in the figure. It should be noted
that the adjustment unit 33 may include the switches
SWD1, SWO1, SWS2, SWD2, and SWO2. Furthermore,
the storage circuit 110 may include a first storage unit
(also referred to as a first holding circuit) 32, a second
storage unit (also referred to as a second holding circuit)
132, an adjustment unit 33, and a supply unit 130.
[0034] The connection relationship between the elec-
tric current source circuits 50 and the pixel circuits 150
will now be described. In Fig. 6(b), the electric current
source circuit 50a located at the leftmost is connected to
each of a plurality of pixel circuits 150a1, 150a2, 150a3,
150a4, 150a5, 150a6, 150a7, and 150a8 located at the
leftmost. In other words, the leftmost electric current
source circuit 50a is connected to each of the plurality of
pixel circuits 150 in the leftmost column. Likewise, an
electric current source circuit 50b next to the electric cur-
rent source circuit 50a in the leftmost column is connect-
ed to each of a plurality of pixel circuits of 150b1 to 150b8,
which are respectively next to each of the pixel circuits,
150al to 150a8 in the leftmost column. Likewise, finally,
the electric current source circuit 50j located at the right-
most is connected to each of a plurality of pixel circuits,
150j1, 150j2, 150j3, 150j4, 150j5, 150j6, 150j7, 150j8, in
the rightmost column.
[0035] Connection of the electric current source circuit
50 and the pixel circuit 150 is performed by connecting
the switch SWS2 of the pixel circuit 150 and the switch
SWO1 of the electric current source circuit 50 as illus-
trated in Fig. 6(a). With this connection, the capacitor C1
of the second storage unit 132 of the pixel circuit 150 is
connected to the supply unit 130 of the electric current
source circuit 50 via the switches SWD2, SWS2 and the
switch SWO1.
[0036] For the plurality of electric current source cir-
cuits 50 illustrated in Fig. 6(b), capacitors C1 of the first
storage units 32 are charged by the reference electric
current i1 from the reference electric current source I1,
sequentially in the direction from the electric current
source circuit 50a at the leftmost to the electric current
source circuit 50j at the rightmost, for example. The ca-
pacitor C1 is charged by on/off control of the switches
SWS1 and SWD1. The on/off control of the switches
SWS1 and SWD1 is performed in the same manner as
the on/off control illustrated in Fig. 5 that shows the con-
trol of the switches SWS1 and SWD1, the on/off control
of the switches SWS2 and SWD2, the on/off control of
the switches SWS3 and SWD3.
[0037] The charging of the capacitor C1 described
above allows a voltage based on the reference electric
current i1 to be stored (held) in the first storage unit 32.
After the completion of storage of the voltages based on
the reference electric current i1 in all the electric current
source circuits, 50a to 50j, the switches SWO1 of all the
electric current source circuits, 50a to 50j, are simulta-
neously turned on in the same manner as the switches
SWO1 to SWO3 illustrated in Fig. 5. With the switches
SWO1, the supply units 130 for all the electric current
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source circuits, 50a to 50j, are ready to supply the pixel
circuits, 150a to 150j, with electric currents based on the
reference electric current i1. The supply unit 130 supplies
the electric current generated by the voltage stored in
the first storage unit 32. The electric current from the
electric current source circuit 50 is the same or substan-
tially the same as the reference electric current i1 from
the reference electric current source I1. In this manner,
each electric current source circuit, 50a to 50j, can gen-
erate an electric current based on the reference electric
current i1 of the reference electric current source I1 and
supply it to the corresponding pixel circuit, 150a to 150j.
[0038] Then, all the switches SWS2, SWD2 of the plu-
rality of pixel circuits, 150a1 to 150j1, in the lowermost
row are simultaneously turned on. Once the switches are
turned on in such a manner, the capacitors C1 of the
second storage units 132 are simultaneously charged by
electric currents from the supply units 130 of the current
source circuits, 50a to 50j, in the plurality of pixel circuits,
150a1 to 150j1, in the lowermost row, to store (hold) volt-
ages in the second storage units 132. In this way, volt-
ages based on the electric currents from the plurality of
electric current source circuits, 50a to 50j, are simulta-
neously stored in the second storage units 132 of the
plurality of pixel circuits, 150a1 to 150j1, in the lowermost
row.
[0039] Thereafter, the switches SWS2 and SWD2 are
simultaneously turned on in all of the plurality of pixel
circuits, 150a2 to 150j2, in a second row from the bottom,
so that voltages are simultaneously stored in the second
storage units 132 by electric currents of individual current
source circuits, 50a to 50j. Likewise, finally, voltages
based on the electric currents from the electric current
source circuits, 50a to 50j, are simultaneously stored in
the second storage units 132 of the plurality of pixel cir-
cuits, 150a8 to 150j8, in the uppermost row. The second
storage unit 132 supplies the stored voltage (hereinafter
referred to as a bias voltage) to the electric current source
30. Once the switch SWO2 is turned on after the voltage
is stored in the second storage unit 132, the electric cur-
rent source 30 supplies the signal line 17 with an electric
current based on the bias voltage stored in the second
storage unit 132.
[0040] In this way, the electric current source circuits,
50a to 50j, store the bias voltages of the electric current
sources 30 in the second storage units 132 of the pixel
circuits 150 simultaneously for each row, up to the up-
permost row, so that the bias voltages are preset for all
pixel circuits 150.
[0041] In response to the release operation member
starting the release operation, the bias voltage preset
unit 112 drives the electric current source circuit unit 120
as described above before the start of the exposure op-
eration so that the bias voltages of the electric current
sources 30 of all pixel circuits 150 are initialized, i.e., the
bias voltages are preset (hereinafter referred to as a full
pixel bias voltage presetting).
[0042] During the exposure operation, the bias voltage

refresh unit 113 resets (i.e., refreshes) the bias voltage
preset by the bias voltage preset unit 112 (hereinafter
referred to as a bias voltage refreshing). It should be not-
ed that the refreshing operation compensates for fluctu-
ations in the preset bias voltage due to a leak electric
current of the capacitor C1 of the second storage unit
132, or the like. Since the refreshing operation is de-
signed to compensate for the fluctuations in the bias volt-
age, the refreshing operation can be performed in a short-
er time than the time required for a refreshing operation
at the time of presetting.
[0043] Next, the long shooting operation by the image-
capturing device 1 according to the present embodiment
will be described. The long exposure setting unit 6 sets
a long shooting of about 5 seconds, for example, by the
automatic exposure calculation unit or the manual long
exposure setting unit. Fig. 7 is a timing chart illustrating
an exemplary operation of the long shooting of the image-
capturing device 1 according to the first embodiment. In
response to the release operation by the release opera-
tion member, the electric current source circuits, 50a to
50j, are sequentially supplied with the reference electric
current i1 from the reference electric current source I1 to
store voltages based on the reference electric current i1.
The electric current source circuits, 50a to 50j, are ready
to supply electric currents based on the reference electric
current i1.
[0044] An initial setting is performed in which the pixel
circuits 150 are supplied with electric currents from the
electric current source circuits, 50a to 50j, on a row basis
to sequentially store the bias voltages on a row basis.
After the completion of the storage of the bias voltages
in all the pixel circuits 150, i.e., the full pixel bias voltage
presetting, the pixel control unit 11 turns on the reset
transistor M2 and the transfer transistor M1 with the reset
signal RST and the transfer signal TX at a time t1 illus-
trated in Fig. 7 to reset electric charges of the photodiode
and the floating diffusion 15 of each pixel 10. At a time
t2, the pixel control unit 11 terminates the resetting and
starts the exposure operation, that is, the electric charge
accumulation in the photodiode.
[0045] The bias voltage refresh unit 113 calculates an
exposure end time, i.e., a pixel signal readout start time,
based on the exposure period and the exposure start
time. The bias voltage refresh unit 113 calculates a re-
quired refreshing time of all the pixel circuits 150 based
on the refreshing time for each row of the pixel circuits
150 and the total number of rows of the pixel circuits 150.
The bias voltage refresh unit 113 further calculates a re-
freshing start time based on the pixel signal readout start
time and the required refreshing time. The bias voltage
refresh unit 113 generates a refresh timing signal that
completes a bias voltage refreshing of all the pixel circuits
150 immediately before the start of the pixel signal rea-
dout, based on the refreshing start time.
[0046] At a time t3, during the exposure operation, the
pixel control unit 11 outputs a control signal that drives
the switches SWS, SWD, SWO of each electric current
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source circuit 50 and pixel circuit 150 based on the re-
fresh timing signal. Each electric current source circuit
50 sequentially performs the bias voltage refreshing for
each row of the pixel circuits 150. The pixel control unit
11 causes the electric current source circuit unit 120 to
complete the refreshing of the bias voltages of all the
pixel circuits 150 immediately before the start of the pixel
signal readout. At a time t4, the pixel control unit 11 reads
out the electric charge accumulated in the photodiode of
each pixel 10, with the transfer signal TX.
[0047] If the exposure end time is determined in ad-
vance, such as if the exposure period is automatically
set based on a subject luminance or if the exposure pe-
riod is set by a manual operation, a refreshing operation
is performed so that the refreshing of all the pixel circuits
150 is completed immediately before the pixel signal re-
adout. The pixel signal readout is performed based on
an electric current depending on the last refreshed bias
voltage, so that an accuracy of the pixel signal readout
can be improved.
[0048] Fig. 8 is a timing chart illustrating another ex-
emplary operation during long shooting of the image-cap-
turing device 1 according to the first embodiment. The
time shooting setting unit or the bulb shooting setting unit
of the long exposure setting unit 6 sets a long shooting.
In the example illustrated in Fig. 8, it is described an ex-
emplary operation of the image-capturing device 1 in
which a photographer determines an exposure end time
during an exposure operation. In the example illustrated
in Fig. 8, a refreshing operation is performed for each
row in response to the start of electric charge accumu-
lation by the pixel 10. Once the refreshing operation is
completed for all rows, another refreshing operation for
each row is performed.
[0049] In Fig. 8, after the full pixel bias voltage preset-
ting, the pixel control unit 11 resets the electric charge
of the photodiode of each pixel 10 at a time t1. At a time
t2, the pixel control unit 11 releases the resetting to start
accumulation of an electric charge depending on incident
light in each pixel 10.
[0050] In the example illustrated in Fig. 8, the bias volt-
age refresh unit 113 sequentially selects the rows of the
pixel circuits 150 based on the exposure start time. After
the bias voltage refresh unit 113 selects the uppermost
row, it generates a refresh timing signal for returning to
the first row to repeat the refreshing operation. At a time
t2, the pixel control unit 11 outputs a control signal based
on the refresh timing signal so that the bias voltage re-
freshing is sequentially performed for each row of the
pixel circuits 150.
[0051] When the refreshing operation is completed for
all rows of pixel circuits 150 at a time t3, the pixel control
unit 11 starts the refreshing operation again from the first
row. At a time t4, in response to the exposure end time
being determined by the photographer, the pixel control
unit 11 terminates the refreshing operation and then
reads out the electric charge accumulated in the photo-
diode of each pixel 10.

[0052] In the above embodiment, the electric current
source is illustrated as an electric current source of the
pixel signal readout circuit 100 included in the image sen-
sor 3. However, the present invention is not limited to
this. The electric current source 30 is also applicable as
an electric current source for a comparator circuit of an
analog/digital conversion circuit that converts a pixel sig-
nal into a digital signal and an electric current source for
other source follower circuits in addition to the electronic
circuits included in the image sensor 3. The electric cur-
rent source 30 is further applicable to electronic circuits
other than the source follower circuits.
[0053] According to the above embodiment, the follow-
ing advantageous effects can be achieved.

(1) The image sensor 3 comprises: the first readout
circuit 100 that reads out the first signal generated
by the electric charge resulting from the photoelectric
conversion to the first signal line 17; the first storage
circuit 110 that stores the voltage based on the elec-
tric current i1 from the reference electric current
source I1; and the first electric current source 30 that
supplies the first signal line 17 with the electric cur-
rent generated by the voltage stored in the first stor-
age circuit 110, wherein: the first storage circuit 110
stores the voltage based on the electric current i1
from the reference electric current source I1 when
the first signal is not read out to the first signal line
17 by the first readout circuit 100. In this way, the
voltage can be stored in the first storage circuit 110
in accordance with the pixel signal readout timing.
Additionally, since the pixel signal readout is per-
formed based on the electric current generated by
the voltage stored immediately before the readout,
the accuracy of the pixel signal readout can be im-
proved.

Second Embodiment

[0054] A second embodiment illustrates an exemplary
refreshing operation of a bias voltage in which continuous
shooting (continuous photographing) is performed with
the image-capturing device 1. The image-capturing de-
vice 1 according to the second embodiment is the image-
capturing device 1 according to the first embodiment in
Fig. 1 additionally having a continuous shooting setting
unit 7 that sets a continuous shooting mode. Fig. 9 is a
timing chart illustrating an exemplary operation during
continuous shooting of the image-capturing device 1 ac-
cording to the second embodiment. In an example illus-
trated in Fig. 9, the bias voltage of each pixel circuit 150
is refreshed on a row basis for each frame shooting when
the continuous shooting setting unit 7 sets the continuous
shooting mode based on the operation signal of the op-
eration member, or the like.
[0055] An exemplary operation of the image-capturing
device 1 according to the second embodiment illustrated
in Fig. 9 will now be described. When the release oper-
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ation member is operated to output a release signal after
the continuous shooting setting unit 7 sets the continuous
shooting mode, the bias voltage preset unit 112 initializ-
es, i.e., presets, the bias voltages of all the pixel circuits
150 in response to the release signal, as illustrated in
Fig. 9, in the same manner as in the first embodiment.
After the presetting of the bias voltages of all the pixel
circuits 150 is completed, the pixel control unit 11 resets
both the electric charge of the photoelectric conversion
unit 12 and the electric charge of the floating diffusion 15
of each pixel 10 at a time t1. Then, during a period be-
tween a time t2 and a time t3, the pixel control unit 11
performs a shooting operation of the first frame, that is,
the exposure (electric charge accumulation) operation
and the pixel signal readout operation.
[0056] After the completion of a shooting of the first
frame, the refreshing operation of the bias voltages of
the pixel circuits, 150a1 to 150j1, in a first row is per-
formed between a shooting end time of the first frame t3
and a shooting start time of the second frame t4. Like-
wise, the refreshing operation of the bias voltages of the
pixel circuits, 150a2 to 150j2, in a second row is per-
formed during a period between a time t5 to a time t6
corresponding to a period between a shooting of the sec-
ond frame and a shooting of the third frame, and the
refreshing operation of the bias voltages of the pixel cir-
cuits, 150a3 to 150j3, in a third row is performed during
a period between a time t7 and a time t8 corresponding
to a period between a shooting of the third frame and a
shooting of the fourth frame. In this way, the refreshing
operation of the bias voltages of the pixel circuits 150 for
each row is performed until the end of the continuous
shooting, during intervals between the shooting opera-
tions of consecutive frames in the continuous shooting.
[0057] Fig. 10 is a timing chart illustrating another ex-
emplary operation during continuous shooting of the im-
age-capturing device 1 according to the second embod-
iment. In an example illustrated in Fig. 10, the bias volt-
ages of three rows of the pixel circuits 150 are refreshed
for each frame shooting when the continuous shooting
setting unit 7 sets the continuous shooting mode.
[0058] An exemplary operation of the image-capturing
device 1 illustrated in Fig. 10 will now be described. The
bias voltage preset unit 2 presets the bias voltages of all
the pixel circuits 150 in response to the release signal,
in the same manner as in the first embodiment. After the
presetting of the bias voltages of all the pixel circuits 150
is completed, the pixel control unit 11 resets both the
electric charge of the photoelectric conversion unit 12
and the electric charge of the floating diffusion 15 of each
pixel 10 at a time t1. Then, during a period between a
time t2 and a time t3, the pixel control unit 11 performs
a shooting operation of the first frame.
[0059] After the completion of the shooting of the first
frame, the refreshing operation of the bias voltages of
the pixel circuits, 150a1 to 150j1, in a first row, the pixel
circuits, 150a2 to 150j2, in a second row, and the pixel
circuits, 150a3 to 150j3, in a third row is performed be-

tween a shooting end time of the first frame t3 and a
shooting start time of the second frame t4. Likewise, the
refreshing operation of the bias voltages of the pixel cir-
cuits, 150a4 to 150j4, in a fourth row, the pixel circuits,
150a5 to 150j5, in a fifth row, and the pixel circuits, 150a6
to 150j6, in a sixth row is performed during a period be-
tween a time t5 and a time t6 corresponding to a period
between a shooting of the second frame and a shooting
of the third frame. In this way, a refreshing operation of
the bias voltages of the pixel circuits 150 for every plural
rows is performed during intervals between the shooting
operations of consecutive frames in the continuous
shooting, until the end of the continuous shooting.
[0060] Fig. 11 is a timing chart illustrating further ex-
emplary operation during continuous shooting of the im-
age-capturing device 1 according to the second embod-
iment. In an example illustrated in Fig. 11, the bias volt-
ages of two rows of the pixel circuits 150 are simultane-
ously refreshed for each frame shooting. In the first em-
bodiment, it has been explained an example in which as
many electric current source circuits 50 as columns of
the pixel circuits 150 are provided. By contrast, in the
example illustrated in Fig. 11, the electric current source
circuits 50 corresponding to a plurality of rows of the pixel
circuits 150 are provided. By providing a plurality of elec-
tric current source circuits 50, each corresponding to a
plurality of rows (for example, two rows) of the pixel cir-
cuits 150, bias voltages are simultaneously set for a plu-
rality of rows of the pixel circuits 150.
[0061] Another exemplary operation of the image-cap-
turing device 1 according to the second embodiment il-
lustrated in Fig. 11 will now be described. The bias volt-
age preset unit 112 presets the bias voltages of all the
pixel circuits 150 in response to the release signal, in the
same manner as in the first embodiment. After the pre-
setting of the bias voltages of all the pixel circuits 150 is
completed, the pixel control unit 11 resets both the elec-
tric charge of the photoelectric conversion unit 12 and
the electric charge of the floating diffusion 15 of each
pixel 10 at a time t1. Then, during a period between a
time t2 and a time t3, the pixel control unit 11 performs
a shooting operation of the first frame.
[0062] After the completion of the shooting of the first
frame, the refreshing operation of the bias voltages of
the pixel circuits, 150a1 to 150j1, in a first row and the
refreshing operation of the bias voltages of the pixel cir-
cuits, 150a2 to 150j2, in a second row are simultaneously
performed between a shooting end time of the first frame
t3 and a shooting start time of the second frame t4. Like-
wise, the refreshing operation of the bias voltages of the
pixel circuits, 150a3 to 150j3, in a third row and the re-
freshing operation of the bias voltages of the pixel circuits,
150a4 to 150j4, in a fourth row are simultaneously per-
formed during a period between a time t5 and a time t6
corresponding a period between a shooting of the second
frame and a shooting of the third frame. In this way, a
refreshing operation of the bias voltages of the pixel cir-
cuits 150 for every plural rows is performed during inter-
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vals between the shooting operations of consecutive
frames in the continuous shooting, until the end of the
continuous shooting.
[0063] In the above embodiment, the electric current
source is illustrated as an electric current source of the
pixel signal readout circuit 100 included in the image sen-
sor 3. However, the present invention is not limited to
this. The electric current source 30 is also applicable as
an electric current source for the comparator circuit of an
analog/digital conversion circuit that converts a pixel sig-
nal into a digital signal and an electric current source for
other source follower circuits in addition to the electronic
circuits included in the image sensor 3. The electric cur-
rent source 30 is further applicable to electronic circuits
other than the source follower circuits.
[0064] According to the above embodiment, the follow-
ing advantageous effect can be achieved in addition to
the same advantageous effect as that of the first embod-
iment.

(2) The image-capturing device 1 includes the con-
tinuous shooting setting unit 7 that sets the continu-
ous shooting mode. In this way, when the continuous
shooting setting unit 7 sets the continuous shooting
mode, voltages can be stored in the plurality of stor-
age circuits 110 during an interval between consec-
utive shootings.

Third Embodiment

[0065] In the image sensor 3 of the image-capturing
device 1 according to the first and second embodiments
described above, the exposure time, i.e., the electric
charge accumulation time in one shooting operation is
the same for all the pixels 10. The image-capturing device
1 according to a third embodiment includes an image
sensor 3 that can vary the exposure time, i.e., the electric
charge accumulation time for each pixel 10 in one shoot-
ing operation. Other configurations of the image-captur-
ing device 1 according to the third embodiment are the
same as those of the first and second embodiments.
[0066] The image-capturing device 1 according to the
third embodiment has the image sensor 3 illustrated in
Figs. 1 and 2, and the image sensor 3 has a plurality of
pixels 10 having an electric charge accumulation time
that can vary from one pixel 10 to another. Such varia-
tions in the electric charge accumulation time from one
pixel 10 to another are achieved by the electric charge
accumulation time control unit 111. The image sensor
that can vary the electric charge accumulation time from
one pixel 10 to another is known from International Pub-
lication WO 13/164915. Thus, illustration and description
of a specific configuration of the pixels and the electric
charge accumulation time control unit will be omitted.
[0067] In the image sensor 3, the electric charge ac-
cumulation time can be varied from one pixel 10 to an-
other in one shooting operation as described above.
However, for the sake of simplification, it is assumed that

all the pixels of the image sensor 3 are divided into three
pixel groups in the following description. It is assumed
that the electric charge accumulation time of a first pixel
group is controlled to be a first time, the electric charge
accumulation time of a second pixel group is controlled
to be a second time, and the electric charge accumulation
time of a third pixel group is controlled to be a third time.
[0068] In the image sensor 3, the time from the start
of the bias voltage presetting operation to the start of the
pixel signal readout operation is the same for all the pixels
10.
[0069] The shooting operation of the image-capturing
device 1 according to the third embodiment will now be
described. In the image sensor 3, if the first pixel group
captures an image of a low luminance part of a subject
image, the second pixel group captures an image of an
intermediate luminance part of the subject, and the third
pixel group captures an image of a high luminance part
of the subject image, for example, the first pixel group is
set to a first electric charge accumulation time that is
relatively long, the second pixel group is set to a second
electric charge accumulation time that is shorter than the
first electric charge accumulation time, and the third pixel
group is set to a third electric charge accumulation time
that is shorter than the second electric charge accumu-
lation time.
[0070] When the release operation member is operat-
ed to output a release signal, the bias voltage preset unit
112 presets the bias voltages of all the pixel circuits 150,
i.e., the first to third pixel groups, in response to the re-
lease signal, as illustrated in Figs. 12(a) to 12(c), in the
same manner as in the first embodiment. It should be
noted that Fig. 12(a) is a timing chart illustrating the re-
adout operation from the bias voltage preset operation
of the first pixel group, Fig. 12(b) is a timing chart illus-
trating the readout operation from the bias voltage preset
operation of the second pixel group, and Fig. 12(c) is a
timing chart illustrating the readout operation from the
bias voltage preset operation of the third pixel group.
[0071] After the presetting of the bias voltages in the
first to third pixel groups is completed, the pixel control
unit 11 resets both the electric charge of the photoelectric
conversion unit 12 and the electric charge of the floating
diffusion 15 of each pixel 10 at a time t1.
[0072] In the first pixel group, as illustrated in Fig. 12(a),
the resetting is terminated and an exposure operation,
i.e., an electric charge accumulation by the photodiode
is started at a time t2. In the same manner as in the first
embodiment, the bias voltage refresh unit 113 of the first
pixel group calculates a pixel signal readout start time
and a required refreshing time and also calculates a re-
fresh start time based on the pixel signal readout start
time and the required refreshing time. Based on the re-
fresh start time, the bias voltage refresh unit 113 causes
the bias voltage refreshing of all the pixel circuits 150 to
be completed by a point in time immediately before the
start of the pixel signal readout. At a time t6, the pixel
signal readout operation is performed.
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[0073] In the second pixel group, as illustrated in Fig.
12(b), the resetting is terminated and an exposure oper-
ation, i.e., an electric charge accumulation by the photo-
diode is started at a time t4. In the same manner as in
the first group, the bias voltage refresh unit 113 of the
second pixel group calculates the refresh start time
based on the pixel signal readout start time and the re-
quired refreshing time. Based on the refresh start time,
the bias voltage refresh unit 113 further causes the bias
voltage refreshing of all the pixel circuits 150 to be com-
pleted by a point in time immediately before the start of
the pixel signal readout. At a time t6, the pixel signal
readout operation is performed.
[0074] In the third pixel group, as illustrated in Fig.
12(c), the resetting is terminated and an exposure oper-
ation, i.e., an electric charge accumulation by the photo-
diode is started at a time t5. In the same manner as in
the first and second groups, the bias voltage refresh unit
113 of the third pixel group calculates the refresh start
time based on the pixel signal readout start time and the
required refreshing time. Based on the refresh start time,
the bias voltage refresh unit 113 further causes the bias
voltage refreshing of all the pixel circuits 150 to be com-
pleted by a point in time immediately before the start of
the pixel signal readout. In the first to third pixel groups,
the pixel signal readout operation is performed at a time
t6.
[0075] According to the above embodiment, the follow-
ing advantageous effect can be achieved in addition to
the same advantageous effects as those of the first em-
bodiment.

(3) The plurality of photoelectric conversion units 12
vary charge accumulation times. In this way, it is pos-
sible to individually set the electric charge accumu-
lation time of each photoelectric conversion unit 12
and also to cause each storage circuit 110 to store
a voltage in accordance with the pixel signal readout
timing.

[0076] The following variation is also within the scope
of the present invention, and one or more variations may
be combined with the above embodiments.

First Variation

[0077] The image sensor 3 may be formed in one single
semiconductor substrate or in a plurality of semiconduc-
tor substrates stacked together. The image sensor 3 in-
cludes a first semiconductor substrate provided with a
readout circuit 100 and a second semiconductor sub-
strate provided with a latch circuit, for example.
[0078] In the above embodiments and variation, the
electric current source is illustrated as an electric current
source of the pixel signal readout circuit 100 included in
the image sensor 3. However, the present invention is
not limited to this. The electric current source 30 is also
applicable as an electric current source for the compa-

rator circuit of the analog/digital conversion circuit that
converts a pixel signal into a digital signal and an electric
current source for other source follower circuits in addi-
tion to the electronic circuits included in the image sensor
3. The electric current source 30 is further applicable to
electronic circuits other than the source follower circuits.
[0079] While various embodiments and variation have
been described above, the present invention is not limited
to these. Other aspects contemplated within the technical
idea of the present invention are also included within the
scope of the present invention.
[0080] The embodiments and variation described
above also include the following image sensors and im-
age-capturing devices.

(1) An image sensor, comprising: a first readout cir-
cuit that reads out a first signal, being generated by
an electric charge resulting from a photoelectric con-
version, to a first signal line; a first holding circuit that
holds a voltage based on an electric current from a
power supply circuit; and a first electric current
source that supplies the first signal line with an elec-
tric current generated by the voltage held in the first
holding circuit, wherein: the first holding circuit holds
the voltage based on the electric current from the
power supply circuit when the first signal is not read
out to the first signal line by the first readout circuit.
(2) In the image sensor as recited in (1), the first
readout circuit further comprises a first photoelectric
conversion unit that accumulates the electric charge
resulting from the photoelectric conversion; and the
first holding circuit holds the voltage based on the
electric current from the power supply circuit when
the electric charge is accumulated by the first pho-
toelectric conversion unit.
(3) In the image sensor as recited in (2), the image
sensor further comprises: a second readout circuit
that reads out a second signal, being generated by
an electric charge resulting from a photoelectric con-
version, to a second signal line; a second holding
circuit that holds a voltage based on an electric cur-
rent from the power supply circuit; and a second elec-
tric current source that supplies the second signal
line with an electric current generated by the voltage
held in the second holding circuit, wherein: the sec-
ond holding circuit holds the voltage based on the
electric current from the power supply circuit when
the second signal is not read out to the second signal
line by the second readout circuit.
(4) In the image sensor as recited in (3), the first
holding circuit and the second holding circuit respec-
tively hold the voltages based on the electric current
from the power supply circuit in different timing to
each other.
(5) In the image sensor as recited in (3) or (4), the
second readout circuit includes a second photoelec-
tric conversion unit that accumulates the electric
charge resulting from the photoelectric conversion,
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and the second holding circuit holds a voltage based
on an electric current from the power supply circuit
when the electric charge is accumulated by the sec-
ond photoelectric conversion unit.
(6) In the image sensor as recited in (5), the first
holding circuit and the second holding circuit hold
the voltages based on the electric current from the
power supply circuit before the electric charge accu-
mulation of the first photoelectric conversion unit and
the second photoelectric conversion unit is complet-
ed.
(7) In the image sensor as recited in (6), the first
photoelectric conversion unit and the second photo-
electric conversion unit have different electric charge
accumulation times.
(8) In the image sensor as recited in (3) to (7), the
image sensor further comprises: a first comparator
circuit of an analog/digital conversion circuit that con-
verts the first signal read out to the first signal line
by the first readout circuit into a digital signal, the
first comparator circuit being connected to the first
signal line and having an input part for inputting the
first signal; a first latch circuit that stores the first sig-
nal converted into a digital signal as an output result
of the first comparator circuit; a second comparator
circuit of an analog/digital conversion circuit that con-
verts the second signal read out to the second signal
line by the second readout circuit into a digital signal,
the second comparator circuit being connected to
the second signal line and having an input part for
inputting the second signal; and a second latch cir-
cuit that stores the second signal converted into a
digital signal as an output result of the second com-
parator circuit, wherein: the first latch circuit and the
second latch circuit are provided on a second sem-
iconductor substrate that is different from the first
semiconductor substrate provided with the first rea-
dout circuit and the second readout circuit.
(9) The image sensor as recited in (8), the first sem-
iconductor substrate is stacked with the second sem-
iconductor substrate.
(10) An image-capturing device comprising the im-
age sensor as recited in (1) to (9).

[0081] Additionally, the embodiments and variations
described above also include the following image sen-
sors and image-capturing devices.

(1) An image sensor, comprising: a first readout cir-
cuit that reads out a first signal, being generated by
an electric charge resulting from a photoelectric con-
version, to a first signal line; a first storage circuit that
stores a voltage based on an electric current from a
reference power supply circuit; and a first electric
current source that supplies the first signal line with
an electric current generated by the voltage stored
in the first storage circuit, wherein: the first storage
circuit stores the voltage based on the electric cur-

rent from the power supply circuit when the first sig-
nal is not read out to the first signal line by the first
readout circuit.
(2) In the image sensor as recited in (1), the image
sensor further comprises a first photoelectric con-
version unit that accumulates the electric charge re-
sulting from the photoelectric conversion, wherein:
the first storage circuit stores the voltage based on
the electric current from the reference power supply
circuit when the electric charge is accumulated by
the first photoelectric conversion unit.
(3) In the image sensor as recited in (2), the image
sensor further comprises: a second readout circuit
that reads out a second signal, being generated by
an electric charge resulting from a photoelectric con-
version, to a second signal line, the second signal;
a second storage circuit that stores a voltage based
on an electric current from the reference power sup-
ply circuit; and a second electric current source that
supplies the second signal line with an electric cur-
rent generated by the voltage stored in the second
storage circuit, wherein the second storage circuit
stores the voltage based on the electric current from
the reference power supply circuit when the second
signal is not read out to the second signal line by the
second readout circuit.
(4) In the image sensor as recited in (3), the first
storage circuit and the second storage circuit respec-
tively store the voltages based on the electric current
from the reference power supply circuit in different
timing to each other.
(5) In the image sensor as recited in (3) or (4), the
image sensor further comprises a second photoe-
lectric conversion unit that accumulates the electric
charge resulting from the photoelectric conversion,
wherein the second storage circuit stores a voltage
based on an electric current from the reference pow-
er supply circuit when the electric charge is accumu-
lated by the second photoelectric conversion unit.
(6) In the image sensor as recited in (5), the first
storage circuit and the second storage circuit store
the voltages based on the electric current from the
reference power supply circuit before the electric
charge accumulation of the first photoelectric con-
version unit and the second photoelectric conversion
unit is completed.
(7) In the image sensor as recited in (6), the first
photoelectric conversion unit and the second photo-
electric conversion unit have different electric charge
accumulation times.
(8) In the image sensor as recited in (3) to (7), the
image sensor further comprises: a first comparator
circuit of an analog/digital conversion circuit that con-
verts the first signal read out to the first signal line
by the first readout circuit into a digital signal, the
first comparator circuit being connected to the first
signal line and having an input part for inputting the
first signal; a first latch circuit that stores the first sig-
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nal converted into a digital signal as an output result
of the first comparator circuit; a second comparator
circuit of an analog/digital conversion circuit that con-
verts the second signal read out to the second signal
line by the second readout circuit into a digital signal,
the second comparator circuit being connected to
the second signal line and having an input part for
inputting the second signal; and a second latch cir-
cuit that stores the second signal converted into a
digital signal as an output result of the second com-
parator circuit, wherein: the first latch circuit and the
second latch circuit are provided on a second sem-
iconductor substrate that is different from the first
semiconductor substrate that is provided with the
first readout circuit and the second readout circuit.
(9) In the image sensor as recited in (8), the first
semiconductor substrate is stacked with the second
semiconductor substrate.
(10) An image-capturing device comprising the im-
age sensor as recited in (1) to (9).

[0082] The disclosure of the following priority applica-
tion is herein incorporated by reference:
Japanese Patent Application No. 2015-195284 (filed
September 30, 2015)

REFERENCE SIGNS LIST

[0083] 1 ... image-capturing device, 6 ... long exposure
setting unit, 12 ... photoelectric conversion unit, 30 ...
electric current source, 32 ... storage unit, 31 ... reference
electric current source circuit, 100 ... readout circuit

Claims

1. An image sensor, comprising:

a first readout circuit that reads out a first signal,
being generated by an electric charge resulting
from a photoelectric conversion, to a first signal
line;
a first holding circuit that holds a voltage based
on an electric current from a power supply cir-
cuit; and
a first electric current source that supplies the
first signal line with an electric current generated
by the voltage held in the first holding circuit,
wherein:
the first holding circuit holds the voltage based
on the electric current from the power supply
circuit when the first signal is not read out to the
first signal line by the first readout circuit.

2. The image sensor according to claim 1, wherein:

the first readout circuit includes a first photoe-
lectric conversion unit that accumulates the

electric charge resulting from the photoelectric
conversion, wherein
the first holding circuit holds the voltage based
on the electric current from the power supply
circuit when the electric charge is accumulated
by the first photoelectric conversion unit.

3. The image sensor according to claim 2, further com-
prising:

a second readout circuit that reads out a second
signal, being generated by an electric charge
resulting from a photoelectric conversion, to a
second signal line;
a second holding circuit that holds a voltage
based on an electric current from the power sup-
ply circuit; and
a second electric current source that supplies
the second signal line with an electric current
generated by the voltage held in the second
holding circuit, wherein
the second holding circuit holds the voltage
based on the electric current from the power
supply circuit when the second signal is not read
out to the second signal line by the second re-
adout circuit.

4. The image sensor according to claim 3, wherein the
first holding circuit and the second holding circuit
hold the voltages based on the electric current from
the power supply circuit in different timing.

5. The image sensor according to claim 3 or 4, wherein:

the second readout circuit includes a second
photoelectric conversion unit that accumulates
the electric charge resulting from the photoelec-
tric conversion; and
the second holding circuit holds a voltage based
on an electric current from the power supply cir-
cuit when the electric charge is accumulated by
the second photoelectric conversion unit.

6. The image sensor according to claim 5, wherein
the first holding circuit and the second holding circuit
hold the voltages based on the electric current from
the power supply circuit before the electric charge
accumulation of the first photoelectric conversion
unit and the second photoelectric conversion unit is
completed.

7. The image sensor according to claim 6, wherein the
first photoelectric conversion unit and the second
photoelectric conversion unit have different electric
charge accumulation times.

8. The image sensor according to any one of claims 3
to 7, further comprising:
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a first comparator circuit of an analog/digital con-
version circuit that converts the first signal read
out to the first signal line by the first readout cir-
cuit into a digital signal, the first comparator cir-
cuit being connected to the first signal line and
having an input part for inputting the first signal;
a first latch circuit that stores the first signal con-
verted into a digital signal as an output result of
the first comparator circuit;
a second comparator circuit of an analog/digital
conversion circuit that converts the second sig-
nal read out to the second signal line by the sec-
ond readout circuit into a digital signal, the sec-
ond comparator circuit being connected to the
second signal line and having an input part for
inputting the second signal; and
a second latch circuit that stores the second sig-
nal converted into a digital signal as an output
result of the second comparator circuit, wherein
the first latch circuit and the second latch circuit
are provided on a second semiconductor sub-
strate that is different from the first semiconduc-
tor substrate that is provided with the first read-
out circuit and the second readout circuit.

9. The image sensor according to claim 8, wherein the
first semiconductor substrate is stacked with the sec-
ond semiconductor substrate.

10. An image-capturing device comprising the image
sensor according to any one of claims 1 to 9.
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