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(57) ABSTRACT

In an AED operation of detecting irradiation start of X-rays,
a control unit of an electronic cassette selectively outputs the
analog voltage signal from a part of the charge amplifiers
including a detection CA connected to the detection channel
of a detection pixel for irradiation start detection among the
plurality of CAs connected to the MUX, to the ADC, causes
the ADC to perform only the AD conversion process for the
analog voltage signal selectively output from the multi-
plexer, and reduces the number of pulses NPU_A per unit
time in a clock signal defining an operation timing of the
ADC compared to that in the image reading operation.
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RADIOGRAPHIC IMAGE DETECTION
DEVICE AND METHOD FOR OPERATING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of PCT Interna-
tional Application No. PCT/JP2018/024252 filed on 26 Jun.
2018, which claims priority under 35 U.S.C § 119(a) to
Japanese Patent Applications No. 2017-126222 filed on 28
Jun. 2017 and No. 2018-028298 filed on 20 Feb. 2018. The
above application is hereby expressly incorporated by ref-
erence, in its entirety, into the present application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a radiographic
image detection device and a method for operating the same.

2. Description of the Related Art

[0003] In the medical field, diagnosis based on a radio-
graphic image detected by a radiographic image detection
device is actively performed. The radiographic image detec-
tion device includes a sensor panel and a circuit unit. In the
sensor panel, a plurality of pixels that are sensitive to
radiation which has been emitted from a radiation generation
apparatus and transmitted through a subject (a patient) and
accumulate charge are two-dimensionally arranged. The
radiographic image detection device having the sensor panel
is also called a flat panel detector (FPD). The circuit unit is
provided with a signal processing circuit that converts
charge accumulated in the pixels of the sensor panel into a
digital signal and outputs the digital signal as a radiographic
image.

[0004] The radiographic image detection devices are
divided into a stationary type which is fixed to an imaging
table installed in an imaging room and a portable type in
which, for example, a sensor panel is accommodated in a
portable housing. The portable radiographic image detection
device is called an electronic cassette. The electronic cas-
settes are divided into a wired type that is supplied with
power from a commercial power source through a cable and
a wireless type that is supplied with power from a battery
provided in a housing.

[0005] A switching element for selecting a pixel from
which charge is read, such as a thin film transistor (TFT), is
connected to each pixel. In the sensor panel, gate lines for
driving the TFTs in units of rows of pixels and signal lines
for reading charge from each pixel to a signal processing
circuit are provided so as to intersect each other. That is, the
gate lines extend in the row direction of the pixels and are
arranged at predetermined pitches in the column direction of
the pixels. In contrast, the signal lines extend in the column
direction of the pixels and are arranged at predetermined
pitches in the row direction of the pixels.

[0006] The signal processing circuit includes, for
example, a charge amplifier (hereinafter, referred to as a
CA), a multiplexer (hereinafter, referred to as a MUX), and
an analog-to-digital (AD) converter (hereinafter, referred to
as an ADC). The CA is provided for each signal line and is
connected to one end of the signal line. The CA outputs an
analog voltage signal corresponding to charge flowing from
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the pixel through the signal line. A plurality of CAs are
connected to input terminals of the MUX and one ADC is
connected to an output terminal. The MUX sequentially
selects the analog voltage signals from the plurality of CAs
connected to the input terminals and outputs the selected
analog voltage signal to the ADC. The ADC performs an AD
conversion process of converting the analog voltage signal
from the MUX into the digital signal corresponding to the
voltage value thereof.

[0007] In a case in which radiation is emitted, charge
corresponding to the dose of the incident radiation is accu-
mulated in each pixel. Since the radiation transmitted
through the subject is attenuated according to the transmit-
tance of the subject, the charge indicating the image infor-
mation of the subject is accumulated in each pixel. The
signal processing circuit reads the charge indicating the
image information of the subject from the sensor panel,
converts the charge into the digital signal, and outputs the
digital signal as the radiographic image corresponding to
one screen for diagnosis.

[0008] WO02012/008229A (corresponding to US2013/
0140467A1) discloses a radiographic image detection
device in which a sensor panel has 2880 rows of pixels and
2304 columns of pixels and a signal processing circuit has
nine MUXs and nine ADCs. In W0O2012/008229A, when a
radiographic image corresponding to one screen is read from
the sensor panel, the signal processing circuit performs the
following image reading operation. That is, whenever gate
pulses are sequentially applied to the gate lines correspond-
ing to 2880 rows to sequentially turn on the rows of TFTs
one by one, the charge of each of the pixels in one row in
which the TFT has been turned on flows simultaneously to
the signal line corresponding to each column. Then, the
charge of each of the pixels in one row is read to each CA
connected to each of the signal lines corresponding to 2304
columns and is then accumulated therein.

[0009] Since the numbers of MUXs and ADCs are nine
respectively, the number of columns of pixels that one block
formed by one MUX and one ADC is in charge of is 256
(=2304/9). Nine blocks operate in parallel at the same
timing. Each MUX sequentially selects the analog voltage
signals from 256 CAs connected to the MUX and outputs the
selected analog voltage signal to each ADC. Each ADC
sequentially converts the analog voltage signal from each
MUX into a digital signal and outputs the digital signal. The
output of a digital signal corresponding to one row corre-
sponds to the reading of an image corresponding to one row.
In a case in which the reading of an image corresponding to
one row ends, the same operation is repeated to read the next
image. The image reading operation corresponding to one
row is repeated 2880 times corresponding to 2880 rows and
the radiographic image corresponding to one screen is
output.

[0010] The radiographic image detection device disclosed
in WO2012/008229A has an auto exposure detection (here-
inafter, referred to as AED) function of detecting the start of
the emission of radiation using the sensor panel. Specifi-
cally, the radiographic image detection device repeatedly
performs the operation of reading the charge of the pixel as
the digital signal from before start of the emission of
radiation, similarly to the image reading operation. Hereaf-
ter, a series of operations which repeatedly performs the
operation of converting the charge of the pixel into the
digital signal and reading the digital signal and determines
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whether the emission of radiation has started on the basis of
the digital signal from before the start of the emission of
radiation in order to detect the start of the emission of
radiation is referred to as an AED operation in order to
distinguish the operation from the image reading operation.

[0011] In a case in which the emission of radiation has
started, the amount of charge generated in the pixel increases
as compared to before the start of the emission of radiation.
In W0O02012/008229A, in the AED operation, similarly to
the image reading operation, the read digital signal is
compared with a preset irradiation start determination
threshold value and it is determined that the emission of
radiation has started in a case in which the digital signal is
greater than the irradiation start determination threshold
value. In a case in which it is determined that the emission
of radiation has started, a pixel charge accumulation opera-
tion of accumulating charge in the pixel is performed while
radiation is being emitted and then the image reading
operation is performed. The AED function makes it possible
for the sensor panel to start the pixel charge accumulation
operation in synchronization with the radiation emission
start timing even in a case in which a timing signal indicat-
ing the radiation emission start timing is not communicated
between the radiographic image detection device and the
radiation generation apparatus, for example, for the reason
that the radiographic image detection device and the radia-
tion generation apparatus are produced by different manu-
facturers.

[0012] In the AED operation disclosed in WO2012/
008229A, nine MUXs and ADCs each of which is in charge
of 256 columns of pixels operate in parallel at the same
timing to read charge from all of the columns. This point is
the same as that in the image reading operation.

SUMMARY OF THE INVENTION

[0013] The image reading operation ends in a case in
which it reads a radiographic image corresponding to one
screen once. In contrast, the AED operation is continued
from before the start of the emission of radiation until the
emission of radiation starts in order to wait for the start of
the emission of radiation whose timing is indefinite. For
example, the image reading operation ends on the order of
several hundreds of milliseconds. In contrast, the AED
operation is continued for a period of several seconds to
several tens of seconds until an operator presses an irradia-
tion switch for instructing the start of the emission of
radiation after setting radiation emission conditions in the
radiation generation apparatus.

[0014] In WO2012/008229A, while the AED operation is
continued, the signal processing circuit repeats the same
operation as the image reading operation that reads the
charge from the pixels in all of the columns. Therefore, there
is a problem that power consumption is very high for the
period of the AED operation having a longer operation time
than the image reading operation. In particular, in a case in
which the radiographic image detection device is an elec-
tronic cassette driven by a battery and has high power
consumption, since a battery having a limited charging
capacity is used, the battery needs be frequently charged.
Therefore, imaging efficiency is reduced.

[0015] An object of the invention is to provide a radio-
graphic image detection device that can reduce the power
consumption of a signal processing circuit in an irradiation
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start detection operation of detecting the start of the emis-
sion of radiation and a method for operating the radiographic
image detection device.

[0016] In order to solve the above described problems,
there is provided a radiographic image detection device
comprising a sensor panel in which pixels that are sensitive
to radiation which has been emitted from a radiation gen-
eration apparatus and transmitted through a subject and
accumulate charge are two-dimensionally arranged and a
plurality of signal lines for reading the charge are arranged,
a signal processing circuit that reads an analog voltage
signal corresponding to the charge from the pixel through
the signal line to perform signal processing, a plurality of
charge amplifiers that are included in the signal processing
circuit and each of which is provided for each signal line, is
connected to one end of the signal line, and converts the
charge from the pixel into the analog voltage signal, a
multiplexer that is included in the signal processing circuit,
has a plurality of input terminals to which the plurality of
charge amplifiers are respectively connected, sequentially
selects the analog voltage signals from the plurality of
charge amplifiers, and outputs the selected analog voltage
signal, an AD converter that is included in the signal
processing circuit, is connected to a stage behind the mul-
tiplexer, and performs an AD conversion process of con-
verting the analog voltage signal output from the multiplexer
into a digital signal corresponding to a voltage value, and a
control unit that controls the signal processing circuit such
that an irradiation start detection operation and an image
reading operation are performed, in which the irradiation
start detection operation reads the charge through a detection
channel which is the signal line connected to a preset
detection pixel among the pixels from before start of the
emission of the radiation and detects the start of the emission
of' the radiation on the basis of the digital signal correspond-
ing to the read charge, the image reading operation reads the
charge from the pixel through the signal line after a pixel
charge accumulation period for which the charge is accu-
mulated in the pixel elapses after the start of the emission of
the radiation and outputs a radiographic image which is
indicated by the digital signal corresponding to the read
charge and is provided for diagnosis, and in the irradiation
start detection operation, the control unit selectively outputs
the analog voltage signal from a part of the charge amplifiers
including a detection charge amplifier that is the charge
amplifier connected to the detection channel among the
plurality of charge amplifiers connected to the multiplexer,
to the AD converter, the control unit causes the AD converter
to perform only the AD conversion process for the analog
voltage signal selectively output from the multiplexer, the
control unit further reduces the number of pulses per unit
time in a clock signal defining an operation timing of the AD
converter compared to that in the image reading operation,
and in the irradiation start detection operation, in a case
where power supplied to the charge amplifier during the
image reading operation is normal power, the control unit
further drives at least one of the part of charge amplifiers in
a low power state in which power lower than the normal
power and greater than O is supplied.

[0017] It is preferable that the multiplexer has a function
of selecting the analog voltage signal from the part of the
charge amplifiers among the plurality of charge amplifiers
connected thereto.
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[0018] It is preferable that the radiographic image detec-
tion device further comprises a first path through which the
analog voltage signal from the charge amplifier is output to
the AD converter via the multiplexer, a second path through
which the analog voltage signal from the charge amplifier is
output to the AD converter without passing through the
multiplexer, and a switch that selectively switches between
the first path and the second path, and in which the control
unit controls the switch to select the second path during the
irradiation start detection operation.

[0019] It is preferable that in the irradiation start detection
operation, the control unit causes at least one of non-selected
charge amplifiers other than the part of the charge amplifiers
among the plurality of charge amplifiers connected to the
multiplexer to be in a power saving state in which the supply
power is lower than the normal power.

[0020] It is preferable that the power saving state is a low
power state in which power lower than the normal power
and greater than 0 is supplied. Alternatively, it is preferable
that the power saving state is a power-off state in which the
supply of power is stopped.

[0021] Itis preferable that the control unit causes all of the
non-selected charge amplifiers to be in the power saving
state.

[0022] It is preferable that the radiographic image detec-
tion device further comprises a first path through which the
charge is input to the charge amplifier, a second path through
which the charge is output to the multiplexer without passing
through the charge amplifier, and a switch that selectively
switches between the first path and the second path, in which
the control unit controls the switch to select the second path
for the non-selected charge amplifier in the power saving
state.

[0023] It is preferable that in a case in which the power
saving state is a power-off state in which the supply of power
is stopped, the control unit applies a bias voltage for
stabilizing a potential of an input stage to the non-selected
charge amplifier in the power-off state.

[0024] It is preferable that a plurality of blocks each of
which includes one multiplexer to which at least one of the
detection charge amplifiers is connected and one AD con-
verter connected to a stage behind the one multiplexer are
comprised, in which the control unit has a function of
switching a power supply state of the block between a first
state in which first power is supplied and a second state in
which second power lower than the first power per unit time
is supplied, and periodically switches the power supply state
of at least one of the plurality of blocks during the irradiation
start detection operation.

[0025] It is preferable that in a case where the number of
blocks whose power supply state is periodically switched is
two or more, the control unit shifts a switching timing of the
power supply state of at least two of the two or more blocks.
[0026] It is preferable that the two or more blocks are
divided into groups, and the control unit shifts the switching
timing of the power supply state for each group. In this case,
it is preferable that at least one block is disposed between
two blocks belonging to the same group.

[0027] It is preferable that the control unit shifts the
switching timing of the power supply state of all of the two
or more blocks.

[0028] It is preferable that the control unit causes at least
one of the blocks including the multiplexer to which the part
of charge amplifiers is not connected to be in the second state
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at all the times among the plurality of blocks during the
irradiation start detection operation.

[0029] It is preferable that the block is provided for each
area that is formed by the pixels connected to a plurality of
the adjacent signal lines. It is preferable that plurality of the
adjacent blocks that are in charge of the areas adjacent to
each other are mounted on the same chip, and a plurality of
the chips are provided.

[0030] It is preferable that the control unit switches the
power supply state of the block in units of the blocks that are
in charge of the areas or in units of the chips.

[0031] It is preferable that the detection pixel is a dedi-
cated pixel which is specialized for the irradiation start
detection operation.

[0032] It is preferable that a temperature drift correction
unit that corrects a temperature drift of the digital signal
which is generated by a bias in a temperature distribution in
the signal processing circuit due to the switching of the
power supply state of the block.

[0033] It is preferable that the radiographic image detec-
tion device is an electronic cassette that is configured by
accommodating the sensor panel and the signal processing
circuit in a portable housing and is supplied with power from
a battery provided in the housing.

[0034] There is provided a method for operating a radio-
graphic image detection device comprising a sensor panel in
which pixels that are sensitive to radiation which has been
emitted from a radiation generation apparatus and transmit-
ted through a subject and accumulate charge are two-
dimensionally arranged and a plurality of signal lines for
reading the charge are arranged, a signal processing circuit
that reads an analog voltage signal corresponding to the
charge from the pixel through the signal line to perform
signal processing, a plurality of charge amplifiers that are
included in the signal processing circuit and each of which
is provided for each signal line, is connected to one end of
the signal line, and converts the charge from the pixel into
the analog voltage signal, a multiplexer that is included in
the signal processing circuit, has a plurality of input termi-
nals to which the plurality of charge amplifiers are respec-
tively connected, sequentially selects the analog voltage
signals from the plurality of charge amplifiers, and outputs
the selected analog voltage signal, an AD converter that is
included in the signal processing circuit, is connected to a
stage behind the multiplexer, and performs an AD conver-
sion process of converting the analog voltage signal output
from the multiplexer into a digital signal corresponding to a
voltage value, and a control unit that controls the signal
processing circuit such that an irradiation start detection
operation and an image reading operation are performed, the
method comprising an irradiation start detection step of
performing an irradiation start detection operation that reads
the charge through a detection channel which is the signal
line connected to a preset detection pixel among the pixels
from before start of the emission of the radiation and detects
the start of the emission of the radiation on the basis of the
digital signal corresponding to the read charge, and an image
reading step of performing an image reading operation that
reads the charge from the pixel through the signal line after
a pixel charge accumulation period for which the charge is
accumulated in the pixel elapses from the start of the
emission of the radiation and outputs a radiographic image
which is indicated by the digital signal corresponding to the
read charge and is provided for diagnosis, in which in the
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irradiation start detection step, the analog voltage signal
from a part of the charge amplifiers including a detection
charge amplifier that is the charge amplifier connected to the
detection channel among the plurality of charge amplifiers
connected to the multiplexer is selectively output to the AD
converter, the AD converter is caused to perform only the
AD conversion process for the analog voltage signal output
from the multiplexer, the number of pulses per unit time in
a clock signal defining an operation timing of the AD
converter is further reduced compared to that in the image
reading operation, and in the irradiation start detection
operation, in a case where power supplied to the charge
amplifier during the image reading operation is normal
power, at least one of the part of charge amplifiers is further
driven in a low power state in which power lower than the
normal poser and greater than O is supplied.

[0035] According to the invention, in the irradiation start
detection operation of detecting irradiation start of radiation,
the control unit selectively outputs the analog voltage signal
from a part of the charge amplifiers including a detection
charge amplifier that is the charge amplifier connected to the
detection channel among the plurality of charge amplifiers
connected to the multiplexer, to the AD converter, the
control unit causes the AD converter to perform only the AD
conversion process for the analog voltage signal selectively
output from the multiplexer, the control unit further reduces
the number of pulses per unit time in a clock signal defining
an operation timing of the AD converter compared to that in
the image reading operation, and, in the irradiation start
detection operation, in a case where power supplied to the
charge amplifier during the image reading operation is
normal power, the control unit further drives at least one of
the part of charge amplifiers in a low power state in which
power lower than the normal power and greater than O is
supplied. Accordingly, it is possible to provide a radio-
graphic image detection device that can reduce the power
consumption of the signal processing circuit in the irradia-
tion start detection operation and a method for operating the
same.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG. 1 is a diagram illustrating an X-ray imaging
system.

[0037] FIG. 2 is a diagram illustrating an imaging order.
[0038] FIG. 3 is a diagram illustrating a menu and con-
dition table.

[0039] FIG. 4 is an external perspective view illustrating

an electronic cassette.
[0040] FIG. 5 is a block diagram illustrating an electrical
configuration of the electronic cassette.

[0041] FIG. 6 is a circuit diagram illustrating a CA and a
CDS.
[0042] FIG. 7 is a block diagram illustrating a gate driving

unit, a MUX unit, and an ADC unit in detail.

[0043] FIG. 8 is a diagram illustrating a chip on which
four adjacent ADCs that are in charge of adjacent areas are
mounted.

[0044] FIG. 9 is a diagram illustrating the procedure of the
reading of a digital signal by a first MUX and a first ADC.
(A) of FIG. 9 illustrates an aspect in which a digital signal
corresponding to a first column is read, (B) of FIG. 9
illustrates an aspect in which a digital signal corresponding
to a second column is read, (C) of FIG. 9 illustrates an aspect
in which a digital signal corresponding to a third column is
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read, and (D) of FIG. 9 illustrates an aspect in which a digital
signal corresponding to a 144th column is read.

[0045] FIG. 10 is a diagram illustrating the flow of an
operation performed by a control unit.

[0046] FIG. 11 is a diagram illustrating gate pulses in a
pixel reset operation and an image reading operation.
[0047] FIG. 12 is a diagram illustrating a power supply
state of the ADC in the image reading operation.

[0048] FIG. 13 is a diagram illustrating gate pulses in an
AED operation.

[0049] FIG. 14 is a diagram illustrating the power supply
state of the ADC in the AED operation.

[0050] FIG. 15 is a graph illustrating the supply of power
to the ADC.
[0051] FIG. 16 is a graph illustrating the number of ADCs

in a first state per unit time in the AED operation and the
image reading operation.

[0052] FIG. 17 is a flowchart illustrating the procedure of
the operation of the electronic cassette.

[0053] FIG. 18 is a diagram illustrating the power supply
state of the ADC in the AED operation in a (1-2)-th
embodiment.

[0054] FIG. 19 is a diagram illustrating the power supply
state of the ADC in the AED operation in a (1-3)-th
embodiment.

[0055] FIG. 20 is a diagram illustrating the power supply
state of the ADC in the AED operation in a (1-4)-th
embodiment.

[0056] FIG. 21 is a diagram illustrating the power supply
state of the ADC in the AED operation in a (1-5)-th
embodiment.

[0057] FIG. 22 is a diagram illustrating the power supply
state of the ADC in the AED operation in a (1-6)-th
embodiment.

[0058] FIG. 23 is a diagram illustrating another example
of the power supply state of the ADC in the AED operation
in the (1-6)-th embodiment.

[0059] FIG. 24 is a diagram illustrating the power supply
state of the ADC in the AED operation in a (1-7)-th
embodiment.

[0060] FIG. 25 is a block diagram illustrating a (1-8)-th
embodiment in which a detection channel that is a signal line
connected to a detection pixel used for the AED operation is
set.

[0061] FIG. 26 is a diagram illustrating the power supply
state of the ADC in the AED operation in the (1-8)-th
embodiment.

[0062] FIG. 27 is a diagram illustrating another example
of the power supply state of the ADC in the AED operation
in the (1-8)-th embodiment.

[0063] FIG. 28 is a diagram illustrating an example of the
arrangement of the detection pixels.

[0064] FIG. 29 is a block diagram illustrating an example
of the detection pixel used for only the AED operation.
[0065] FIG. 30 is a block diagram illustrating another
example of the detection pixel used for only the AED
operation.

[0066] FIG. 31 is a block diagram illustrating still another
example of the detection pixel used for only the AED
operation.

[0067] FIG. 32 is a diagram illustrating an example of the
setting of the detection pixel.

[0068] FIG. 33A is a flowchart illustrating the procedure
of driving the CDS in the image reading operation.
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[0069] FIG. 33B is a flowchart illustrating the procedure
of driving the CDS in the AED operation.

[0070] FIG. 34 is a circuit diagram illustrating another
example of the connection of the CDS, the MUX, and the
ADC.

[0071] FIG. 35 is a graph illustrating a temperature dis-
tribution in a column direction of a signal processing circuit.
[0072] FIG. 36 is a graph illustrating a charge component
of a detection channel.

[0073] FIG. 37 is a diagram illustrating a (1-12)-th
embodiment in which leak charge correction and tempera-
ture drift correction are performed.

[0074] FIG. 38A is a diagram illustrating an AED opera-
tion according to a (1-13)-th embodiment in which a digital
signal transmission I/F is switched.

[0075] FIG. 38B is a diagram illustrating an image reading
operation according to the (1-13)-th embodiment.

[0076] FIG. 39A is a diagram schematically illustrating
the configuration of a (2-1)-th embodiment.

[0077] FIG. 39B is a graph illustrating the supply of power
to the CA.
[0078] FIG. 40 is a flowchart illustrating the procedure of

the operation of an electronic cassette according to the
(2-1)-th embodiment.

[0079] FIG. 41 is a graph illustrating another example of
the supply of power to the CA.

[0080] FIG. 42A is a diagram illustrating the configuration
of a non-detection channel in a case in which a non-detection
CA is changed to a power-off state in the AED operation.
[0081] FIG. 42B is a diagram illustrating the configuration
of the non-detection channel in a case in which the non-
detection CA is changed to the power-off state in the image
reading operation.

[0082] FIG. 43 is a graph illustrating still another example
of the supply of power to the CA.

[0083] FIG. 44 is a diagram illustrating the procedure of
the reading of a dose signal by the first MUX and the first
ADC in a (3-1)-th embodiment. (A) of FIG. 44 illustrates an
aspect in which a dose signal corresponding to a first column
is read, (B) FIG. 44 illustrates an aspect in which a dose
signal corresponding to a third column is read, (C) of FIG.
44 illustrates an aspect in which a dose signal corresponding
to a fifth column is read, and (D) of FIG. 44 illustrates an
aspect in which a dose signal corresponding to a 143rd
column is read.

[0084] FIG. 45 is a graph illustrating the number of pulses
per unit time in the clock signal of the ADC.

[0085] FIG. 46 is a diagram illustrating a first method that
reduces the number of pulses per unit time in the clock
signal of the ADC in the AED operation to be less than that
in the image reading operation. (A) of FIG. 46 illustrates the
clock signal in the image reading operation and (B) of FIG.
46 illustrates the clock signal in the AED operation.
[0086] FIG. 47 is a diagram illustrating a second method
that reduces the number of pulses per unit time in the clock
signal of the ADC in the AED operation to be less than that
in the image reading operation. (A) of FIG. 47 illustrates the
clock signal in the image reading operation and (B) of FIG.
47 illustrates the clock signal in the AED operation.
[0087] FIG. 48 is a flowchart illustrating the procedure of
the operation of an electronic cassette according to the
(3-1)-th embodiment.
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[0088] FIG. 49A is a diagram illustrating a circuit con-
figuration of a detection channel in the AED operation in a
(3-2)-th embodiment.

[0089] FIG. 49B is a diagram illustrating a circuit con-
figuration of a detection channel in the image reading
operation in the (3-2)-th embodiment.

[0090] FIG. 50A is a diagram illustrating the power supply
state of a block in a case in which the reading of charge starts
immediately after the block is switched from a non-operat-
ing state to an operating state.

[0091] FIG. 50B is a diagram illustrating the power supply
state of a block in a case in which the block is switched from
the non-operating state to the operating state a predeter-
mined time before the timing when the reading of charge
starts.

[0092] FIG. 51 is a flowchart illustrating the procedure of
the operation of an electronic cassette according to a (4-1)-th
embodiment.

[0093] FIG. 52 is a diagram illustrating in detail the period
for which charge is read in a case in which the signal lines
in all of the areas that the blocks are in charge of are the
detection channels.

[0094] FIG. 53 is a diagram illustrating in detail the period
for which charge is read in a case in the odd-numbered
columns are the detection channels and the MUX is a
general MUX having only a function of sequentially select-
ing the detection channels one by one.

[0095] FIG. 54 is a diagram illustrating in detail the period
for which charge is read in a case in the odd-numbered
columns are the detection channels and the MUX has a
function of selecting only the analog voltage signal from the
detection CA of the detection channel.

[0096] FIG. 55 is a diagram illustrating an example in
which each block is switched from the operating state to the
non-operating state before the reading of charge in each
block starts.

[0097] FIG. 56 is a diagram illustrating an example in
which each block is switched from the operating state to the
non-operating state after the reading of charge in each block
ends.

[0098] FIG. 57 is a diagram illustrating an example in
which each block is switched from the operating state to the
non-operating state between the intermittent periods for
which charge is read in each block.

[0099] FIG. 58 is a diagram illustrating a (4-3)-th embodi-
ment in which all of the blocks are changed to the operating
state until the image reading operation starts after the start of
the emission of X-rays is detected in the AED operation.

[0100] FIG. 59 is a graph illustrating the supply of power
to the CA.
[0101] FIG. 60 is a flowchart illustrating the procedure of

the operation of an electronic cassette according to a fifth
invention.

[0102] FIG. 61 is a graph illustrating the number of pulses
per unit time in the clock signal of the ADC.

[0103] FIG. 62 is a flowchart illustrating the procedure of
the operation of an electronic cassette according to a sixth
invention.

[0104] FIG. 63 is a diagram illustrating the circuit con-
figuration of a block and the periphery thereof and a state in
the image reading operation in a seventh invention.

[0105] FIG. 64 is a diagram illustrating the circuit con-
figuration of the block and the periphery thereof and a state
in the AED operation in the seventh invention.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

1. First Invention

(1-1)-th Embodiment

[0106] In FIG. 1, an X-ray imaging system 10 that per-
forms imaging using X-rays as radiation comprises an X-ray
generation apparatus 11 and an X-ray imaging apparatus 12
and is installed in, for example, an imaging room of a
radiology department in a medical facility. The X-ray gen-
eration apparatus 11 includes an X-ray source 13, a radiation
source control device 14 that controls the X-ray source 13,
and an irradiation switch 15 that is connected to the radiation
source control device 14. The X-ray imaging apparatus 12
includes an electronic cassette 16 which is a radiographic
image detection device and a console 17.

[0107] In addition to the X-ray imaging system 10, an
upright imaging table 18 for capturing an image of a patient
P that is a subject at an upright posture and a decubitus
imaging table 19 for capturing an image of the patient P at
a decubitus posture are installed in the imaging room. The
X-ray source 13 is shared by the upright imaging table 18
and the decubitus imaging table 19. In addition, FIG. 1
illustrates an aspect in which the electronic cassette 16 is set
in the upright imaging table 18 and an X-ray image of the
patient P is captured at the upright posture.

[0108] As is well known, the X-ray source 13 includes an
X-ray tube that generates X-rays and an irradiation field
limiter (also referred to as a collimator) that limits the
irradiation field of the X-rays generated by the X-ray tube to
the patient P. The radiation source control device 14 controls
the tube voltage, tube current, and X-ray emission time of
the X-ray tube. The radiation source control device 14 stores
in advance a plurality of types of X-ray emission conditions
including the tube voltage, the tube current, and the irradia-
tion time according to an imaging part, such as the chest or
the abdomen, such that an operator selects a desired irra-
diation condition from the stored irradiation conditions and
inputs the selected irradiation condition. The operator can
finely adjust the irradiation conditions considering, for
example, the body shape of the patient P.

[0109] The irradiation switch 15 is operated by the opera-
tor in a case in which the emission of X-rays starts. The
irradiation switch 15 is a two-stage pressure type. In a case
in which the irradiation switch 15 is pressed to the first stage
(pressed halfway), the radiation source control device 14
instructs the X-ray source 13 to start a preparation operation
before X-rays are emitted. In a case in which the irradiation
switch 15 is pressed to the second stage (pressed fully), the
radiation source control device 14 instructs the X-ray source
13 to start the emission of X-rays. The radiation source
control device 14 includes a timer that starts to measure time
in a case in which the emission of X-rays is started and stops
the emission of X-rays by the X-ray source 13 in a case in
which the time measured by the timer reaches the irradiation
time set in the irradiation conditions.

[0110] The electronic cassette 16 detects an X-ray image
based on the X-rays that have been emitted from the X-ray
source 13 and then transmitted through the patient P. For
example, the console 17 is configured by installing a control
program, such as an operating system, or various application
programs in a computer, such as a notebook personal com-
puter. The console 17 includes a display 20 and an input
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device 21 such as a touch pad or a keyboard. The console 17
displays various operation screens provided with an opera-
tion function based on a graphical user interface (GUI) on
the display 20 and receives various operation commands
input from the input device 21 by the operator through the
various operation screens.

[0111] The electronic cassette 16 and the console 17
comprise wireless communication units 22 and 23 for per-
forming wireless communication therebetween, respec-
tively. The electronic cassette 16 and the console 17 transmit
and receive various kinds of information including an imag-
ing menu or X-ray images through the wireless communi-
cation units 22 and 23, using wireless communication.
[0112] Each of the wireless communication units 22 and
23 includes, for example, an antenna, a modulation and
demodulation circuit, and a transmission control unit. The
modulation and demodulation circuit performs modulation
for imposing data to be transmitted onto a carrier wave (also
referred to as a carrier) and demodulation for extracting data
from the carrier wave received by the antenna. The trans-
mission control unit performs transmission control based on
a wireless local area network (LAN).

[0113] The console 17 receives the input of an imaging
order to command the operator to perform X-ray imaging.
For example, the imaging order is input from a radiology
information system (RIS) (not illustrated) to the console 17.
[0114] In FIG. 2, the imaging order has items, such as an
order ID (identification data), a patient ID, and an imaging
part/posture/direction. The order ID is a symbol or a number
for identifying each imaging order and is automatically
assigned by the RIS. A patient ID of the patient P that is an
imaging target is written in the patient ID item. The patient
1D is a symbol or a number for identifying each patient P.
[0115] The imaging part, posture, and imaging direction
designated by the doctor who has issued the imaging order
are written in the imaging part/posture/direction item. The
imaging part is a part of the human body, such as the head,
the cervical vertebra, the chest, the abdomen, a hand, a
finger, the elbow, or the knee. The posture is the posture of
the patient P, such as an upright posture, a decubitus posture,
or a sitting posture and the imaging direction is the direction
of the patient P with respect to X-rays, such as the front, the
side, and the back. The imaging order includes patient
information items (not illustrated), such as the name, sex,
age, height, and weight of the patient P, in addition to the
above-mentioned items. In addition, items including a diag-
nosis and treatment department that has issued the imaging
order, the doctor who has issued the imaging order, the date
and time when the imaging order was received by the RIS,
the purpose of imaging, such as postoperative follow-up or
therapeutic effect evaluation, and items to be handed over
from the doctor to the operator may be provided.

[0116] One imaging order may be issued for one patient P
or a plurality of imaging orders may be issued for one patient
P at the same time. In a case in which a plurality of imaging
orders are issued for one patient P at the same time, an
identification code indicating that the imaging orders are for
one patient P is attached to the order IDs of the plurality of
imaging orders.

[0117] The console 17 stores a menu and condition table
25 illustrated in FIG. 3. An imaging menu having a set of the
imaging part, the posture, and the imaging direction and
irradiation conditions corresponding to the imaging menu
are registered in the menu and condition table 25 so as to be
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association with each other. In addition, an imaging menu
having a set of the imaging part and the imaging direction
obtained by excluding the posture from the above-men-
tioned imaging menu or an imaging menu corresponding to
special imaging, such as tomosynthesis imaging, may be
provided.

[0118] The console 17 displays an imaging order list
which is a list of the content of the imaging order illustrated
in FIG. 2 on the display in response to the operation of the
operator. The operator browses the imaging order list and
checks the content of the imaging order. Then, the console
17 displays the content of the menu and condition table 25
on the display in a form in which the imaging menu can be
set. The operator selects an imaging menu matched with the
imaging part/posture/direction designated by the imaging
order and sets the imaging menu. In addition, the operator
sets the irradiation conditions matched with the irradiation
conditions corresponding to the selected imaging menu in
the radiation source control device 14.

[0119] The console 17 transmits various kinds of infor-
mation, such as the imaging menu set by the operator, the
irradiation conditions corresponding to the set imaging
menu, the order 1D, and a console ID which is a symbol or
a number for identifying the console, as imaging preparation
commands to the electronic cassette 16 through the wireless
communication unit 23.

[0120] In addition, the console 17 converts the X-ray
image from the electronic cassette 16 into an image file with
a format based on, for example, the Digital Imaging and
Communication in Medicine (DICOM) standard and trans-
mits the image file to a picture archiving and communication
system (PACS) (not illustrated). In the image file, the X-ray
image and image accessory information including, for
example, an order ID, patient information, an imaging menu,
irradiation conditions, and a cassette ID which is a symbol
or a number for identifying the electronic cassette 16 are
associated with one image ID. The doctor in the diagnosis
and treatment department that has issued the imaging order
can access the PACS with a terminal in the diagnosis and
treatment department, download the image file, and browse
the X-ray image.

[0121] In FIG. 4, the electronic cassette 16 includes a
sensor panel 30, a circuit unit 31, and a portable housing 32
that has a rectangular parallelepiped shape and accommo-
dates the sensor panel 30 and the circuit unit 31. The housing
32 has a size that is based on the International Organization
for Standardization (ISO) 4090:2001 and is almost the same
as that of, for example, a film cassette, an imaging plate (IP)
cassette, or a computed radiography (CR) cassette. The
housing 32 accommodates, for example, a battery 65 (see
FIG. 5) that supplies power to the wireless communication
unit 22 and each unit of the electronic cassette 16 and a
wired communication unit 66 (see FI1G. 5) that is connected
to the console 17 through a cable in a wired manner, in
addition to the sensor panel 30 and the circuit unit 31. In a
case in which the wireless communication unit 22 is used,
the electronic cassette 16 is driven by power from the battery
65 and can be used in a so-called wireless manner.

[0122] A rectangular opening is formed in a front surface
32A of the housing 32 and a transmission plate 33 that
transmits X-rays is attached to the opening. The electronic
cassette 16 is positioned at a posture where the front surface
32A faces the X-ray source 13. The housing 32 is provided
with a switch for switching between turn-on and the turn-off
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the power supply or an indicator for indicating an operation
state of the electronic cassette 16 such as the remaining
usage time of the battery 65 or an imaging preparation
completion state.

[0123] The sensor panel 30 includes a scintillator 34 and
a light detection substrate 35. The scintillator 34 and the
light detection substrate 35 are stacked in the order of the
scintillator 34 and the light detection substrate 35 as viewed
from the front surface 32A on which X-rays are incident.
The scintillator 34 includes a phosphor, such as thallium
activated cesium iodide (CsI:T1) or terbium activated gado-
lintum oxysulfide (Gd,0,S:Tb (GOS)), converts X-rays
incident through the transmission plate 33 into visible light,
and emits the visible light. In addition, a sensor panel in
which the light detection substrate 35 and the scintillator 34
are stacked in this order as viewed from the front surface
32A on which X-rays are incident may be used. Further, a
direct-conversion-type sensor panel may be used which
directly converts X-rays into charge using a photoconduc-
tive film such as amorphous selenium.

[0124] The light detection substrate 35 detects the visible
light emitted from the scintillator 34 and converts the visible
light into charge. The circuit unit 31 controls the driving of
the light detection substrate 35 and generates an X-ray
image on the basis of the charge output from the light
detection substrate 35.

[0125] In FIG. 5, the light detection substrate 35 is con-
figured by providing pixels 40 which are arranged in a
two-dimensional matrix of N rows and M columns, N gate
lines 41, and M signal lines 42 on a glass substrate (not
illustrated). The gate lines 41 extend in the X direction along
the row direction of the pixels 40 and are arranged at
predetermined pitches in the Y direction along the column
direction of the pixels 40. The signal lines 42 extend in the
Y direction and are arranged at predetermined pitches in the
X direction. The gate lines 41 and the signal lines 42 are
orthogonal to each other and the pixels 40 are provided at the
intersection points between the gate lines 41 and the signal
lines 42.

[0126] Here, N and M are integers equal to or greater than
2. In this example, a case in which N is 2880 and M is 2304
(see FIG. 7) will be described. The numbers of rows and
columns of the pixels 40 are not limited thereto. The array
of the pixels 40 may not be a square array as illustrated in
FIG. 5. Alternatively, the pixels 40 may be inclined at an
angle of 45° and may be arranged in zigzag.

[0127] As is well known, each pixel 40 comprises a
photoelectric conversion unit 43 on which visible light is
incident and which generates charge (electronic-hole pair)
and accumulates the charge and a thin film transistor (TFT)
44 which is a switching element. The photoelectric conver-
sion unit 43 has a structure in which an upper electrode and
a lower electrode are provided on the upper and lower sides
of a semiconductor layer that generates charge. The semi-
conductor layer is, for example, a p-intrinsic-n (PIN) type.
An N-type layer is formed on the upper electrode side and
a P-type layer is formed on the lower electrode side. The
TFT 44 has a gate electrode connected to the gate line 41, a
source electrode connected to the signal line 42, and a drain
electrode connected to the lower electrode of the photoelec-
tric conversion unit 43. Instead of the TFT type, a comple-
mentary metal oxide semiconductor (CMOS) sensor panel
may be used as the switching element.
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[0128] A bias line (not illustrated) is connected to the
upper electrode of the photoelectric conversion unit 43. A
positive bias voltage is applied to the upper electrode
through the bias line. The electric field is generated in the
semiconductor layer by the application of the positive bias
voltage. Therefore, among the electronic-hole pairs gener-
ated in the semiconductor layer by photoelectric conversion,
the electron is moved to the upper electrode and is then
absorbed to the bias line and the hole is moved to the lower
electrode and is collected as charge.

[0129] The circuit unit 31 is provided with a gate driving
unit 50, a signal processing circuit 51, a memory 52, a power
supply unit 53, and a control unit 54 that controls these units.
[0130] The gate driving unit 50 is connected to the end of
each gate line 41 and generates a gate pulse G(R) (R=1 to N)
for driving the TFT 44. The control unit 54 drives the TFT
44 through the gate driving unit 50 and controls the signal
processing circuit 51 so as to perform a pixel reset operation
which reads dark charge from the pixel 40 and resets
(discard) the dark charge, a pixel charge accumulation
operation which accumulates charge corresponding to the
amount of incident X-rays in the pixel 40, an image reading
operation which reads an X-ray image for diagnosis, and an
AED operation which detects the start of the emission of
X-rays.

[0131] The image reading operation is an operation which
reads charge from the pixel 40 through the signal line 42
after a pixel charge accumulation period elapses from the
start of the emission of X-rays and outputs an X-ray image
represented by a digital signal corresponding to the read
charge. The AED operation is an operation which reads the
charge from the pixel 40 through the signal line 42 from
before start of the emission of X-rays and detects the start of
the emission of X-rays on the basis of a digital signal
corresponding to the read charge.

[0132] The signal processing circuit 51 reads an analog
voltage signal V(C) (C=1 to M) corresponding to the charge
from the pixel 40 through the signal line 42 to perform signal
processing. The signal processing circuit 51 includes a CA
60, a correlated double sampling circuit (hereinafter,
referred to as a CDS) 61, a MUX unit 62, and an ADC unit
63.

[0133] The CA 60 is provided for each signal line 42 and
is connected to one end of the signal line 42. The CA 60
outputs the analog voltage signal V(C) corresponding to the
charge input from the pixel 40 through the signal line 42.
The CDS 61 is provided for each signal line 42, similarly to
the CA 60. The CDS 61 performs a known correlated double
sampling process for the analog voltage signal V(C) from
the CA 60 to remove a reset noise component of the CA 60
from the analog voltage signal V(C).

[0134] The CA 60 is connected to the MUX unit 62. The
CDS 61 is provided between the CA 60 and the MUX unit
62. In addition, the ADC unit 63 is connected to a stage
behind the MUX unit 62. The MUX unit 62 sequentially
selects the analog voltage signals V(C) input from a plurality
of CAs 60 through the CDSs 61 and outputs the selected
analog voltage signal V(C) to the ADC unit 63. The ADC
unit 63 performs an AD conversion process that converts the
analog voltage signal V(C) from the MUX unit 62 into a
digital signal DS(C) corresponding to the voltage value of
the analog voltage signal V(C). Then, the ADC unit 63
outputs the converted digital signal DS(C) to the memory
52. The memory 52 stores the digital signal DS(C) from the
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ADC unit 63. The memory 52 has a capacity to store an
X-ray image corresponding to at least one screen.

[0135] The power supply unit 53 supplies power from the
battery 65 to each unit under the control of the control unit
54. For example, the battery 65 is attachably and detachably
provided on the rear surface opposite to the front surface
32A of the housing 32.

[0136] The control unit 54 receives various kinds of
information from the console 17 through the wireless com-
munication unit 22 or the wired communication unit 66 and
performs control corresponding to the various kinds of
information. For example, the control unit 54 changes the
processing conditions of the signal processing circuit 51
according to the irradiation conditions.

[0137] In FIG. 6, the CA 60 includes an operational
amplifier 70, a capacitor 71, and an amplifier reset switch 72.
The operational amplifier 70 has two input terminals and one
output terminal. The signal line 42 is connected to one of the
two input terminals and a ground line is connected to the
other input terminal. The capacitor 71 and the amplifier reset
switch 72 are connected in parallel between the input
terminal to which the signal line 42 is connected and the
output terminal.

[0138] The CA 60 accumulates the charge input from the
signal line 42 in the capacitor 71 to integrate the charge and
outputs a voltage value corresponding to the integrated
value, that is, the analog voltage signal V(C). The driving of
the amplifier reset switch 72 is controlled by the control unit
54. The amplifier reset switch 72 is turned on to reset
(discard) the charge accumulated in the capacitor 71.
[0139] The CDS 61 includes a first sample-and-hold cir-
cuit (hereinafter, abbreviated to S/H) 73A, a second S/H
73B, and a difference amplifier 74. The first S/H 73A
samples and holds the reset noise component of the CA 60
in a case in which the TFT 44 is in an off state. The second
S/H 73B samples and holds the analog voltage signal V(C)
output from the CA 60 on the basis of the charge input in a
case in which the TFT 44 is in an on state. The difference
amplifier 74 calculates the difference between the reset noise
components held in the S/Hs 73A and 73B and the analog
voltage signal V(C). Therefore, the analog voltage signal
V(C) from which noise has been removed is output.
[0140] In FIG. 7, the gate driving unit 50 includes, for
example, a total of 12 gate driving circuits 75, that is, the
first to twelfth gate driving circuits 75. Each gate driving
circuit 75 corresponds to each gate line 41. Since N which
is the number of rows of pixels 40 is 2880, 240 (=2880/12)
gate lines 41 are connected to one gate driving circuit 75. For
example, the gate lines 41 corresponding to the first to 240th
rows of the pixels 40 are connected to the first gate driving
circuit 75 and the gate lines 41 corresponding to the 241st to
480th rows of the pixels 40 are connected to the second gate
driving circuit 75. One gate driving circuit 75 is in charge of
reading charge from 240 rows of the pixels 40.

[0141] The MUX unit 62 includes, for example, a total of
16 MUXSs 76, that is, the first to sixteenth MUXs 76. Each
MUX 76 corresponds to each signal line 42. Since M which
is the number of columns of the pixels 40 is 2304, 144
(=2304/16) signal lines 42 are connected to one MUX 76.
For example, the signal lines 42 corresponding to the first to
144th columns of the pixels 40 are connected to the first
MUX 76 and the signal lines 42 corresponding to the 145th
to 288th columns of the pixels 40 are connected to the
second MUX 76. Therefore, one MUX 76 selectively out-
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puts the analog voltage signals V(C) based on the charge
from 144 columns of the pixels 40. Hereinafter, an area
formed by the pixels 40 connected to a plurality of adjacent
signal lines 42 is referred to as an area AR (AR1 to AR16).
[0142] Each MUX 76 includes a plurality of input termi-
nals. A plurality of CAs 60 are connected to the plurality of
input terminals with the CDSs 61 interposed therebetween.
[0143] The ADC unit 63 includes a total of 16 ADCs 77,
that is, the first to sixteenth ADCs 77, similarly to the first
to sixteenth MUXs 76 of the MUX unit 62. The first to
sixteenth ADCs 77 are connected to a stage behind the first
to sixteenth MUXs 76. Since the first to sixteenth MUXs 76
are provided so as to correspond to the areas AR1 to AR16,
respectively, the first to sixteenth ADCs 77 are also provided
s0 as to correspond to the arecas AR1 to AR16, respectively.
[0144] One ADC 77 is in charge of an AD conversion
process into the digital signals DS(V) based on the charge
from 144 columns of the pixels 40. For example, the first
ADC 77 converts the analog voltage signals V(1) to V(144)
sequentially output from the first MUX 76 into the digital
signals DS(1) to DS(144) and the second ADC 77 converts
the analog voltage signals V(145) to V(288) sequentially
output from the second MUX 76 into the digital signal
DS(145) to DS(288).

[0145] As illustrated in FIG. 8, one MUX 76, a plurality
of CAs 60 and CDSs 61 connected to the input terminals of
the MUX 76, and one ADC 77 connected to the output
terminal of the MUX 76 form one block BL. There are 16
blocks BL whose number is the same as the number of areas
AR.

[0146] As represented by a dashed line, blocks BL1 to
BL4 formed by the CAs 60, the CDSs 61, the MUXs (first
to fourth MUXs) 76, and the ADCs (first to fourth ADCs) 77
that take charge of each of four adjacent arecas AR1 to AR4
are mounted on the same chip CP1. Similarly, blocks BL5 to
BL8 formed by the CAs 60, the CDSs 61, the MUXs (fifth
to eighth MUXs) 76, and the ADCs (fifth to eighth ADCs)
77 that take charge of each of areas AR5 to AR8 are mounted
on a chip CP2. Blocks BL9 to BL.12 formed by the CAs 60,
the CDSs 61, the MUXs (ninth to twelfth MUXs) 76, and the
ADCs (ninth to twelfth ADCs) 77 that take charge of each
of areas AR9 to AR12 are mounted on a chip CP3. Blocks
BL13 to BL16 formed by the CAs 60, the CDSs 61, the
MUXs (thirteenth to sixteenth MUXs) 76, and the ADCs
(thirteenth to sixteenth ADCs) 77 that take charge of each of
areas AR13 to AR16 are mounted on a chip CP4. These
chips CP1 to CP4 are physically completely separated from
each other.

[0147] The number of gate driving circuits 75 and the
number of rows of the pixels 40 that one gate driving circuit
75 is in charge of are not limited to 12 and 240 in this
example, respectively. Similarly, the number of MUXs 76
and ADCs 77 (the number of blocks BL), the number of
columns of the pixels 40 that one MUX 76 and one ADC 77
are in charge of (the number of columns of the pixels 40
included in one block BL), and the number of blocks BL
forming one chip CP are not limited to this example and may
be any values. For example, the number of columns of the
pixels 40 included in one block BL may be 256 and the
number of blocks BL. may be 9. In addition, the number of
columns of the pixels 40 included in one block BL may be
128 and the number of blocks BL. may be 18.

[0148] FIG. 9 illustrates, for example, a procedure of
reading the digital signals DS(1) to DS(144) in the area AR1
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corresponding to the first to 144th columns. FIG. 9 illus-
trates a state in which the analog voltage signals V(1) to
V(144), from which reset noise has been removed and which
correspond to the charge read from the pixels 40 through the
signal lines 42, appear in the output terminals of the CDSs
61.

[0149] In this state, first, as illustrated in (A) of FIG. 9, the
first MUX 76 selects the analog voltage signal V(1) corre-
sponding to the first column. Then, the analog voltage signal
V(1) is input to the first ADC 77 and the first ADC 77
converts the analog voltage signal V(1) into the digital signal
DS(1). Then, as illustrated in (B) of FIG. 9, the first MUX
76 selects the analog voltage signal V(2) corresponding to
the second column. Then, the analog voltage signal V(2) is
input to the first ADC 77 and the first ADC 77 converts the
analog voltage signal V(2) into the digital signal DS(2).
Then, as illustrated in (C) of FIG. 9, the first MUX 76 selects
the analog voltage signal V(3) corresponding to the third
column. Then, the analog voltage signal V(3) is input to the
first ADC 77 and the first ADC 77 converts the analog
voltage signal V(3) into the digital signal DS(3).

[0150] This series of operations is repeatedly performed in
the first MUX 76 and the first ADC 77. Finally, as illustrated
in (D) of FIG. 9, the analog voltage signal V(144) corre-
sponding to the 144th column is converted into the digital
signal DS(144) and the reading of the digital signals DS(1)
to DS(144) in the area AR1 corresponding to the first to
144th columns ends. This holds for each MUX 76 and each
ADC 77 in the other areas AR2 to AR16.

[0151] As illustrated in FIG. 10, the control unit 54 starts
the AED operation in a case in which it receives an imaging
preparation command in various kinds of information
including the imaging menu from the console 17 from the
wireless communication unit 22 or the wired communication
unit 66. In the AED operation, the charge generated by the
photoelectric conversion unit 43 of the pixel 40 is converted
into the digital signal DS(C) by the signal processing circuit
51 and is then stored in the memory 52. Hereinafter, the
digital signal DS(C) stored in the memory 52 by the AED
operation is referred to as a dose signal DDS(C). The control
unit 54 performs a standby operation before it receives the
imaging preparation command. The standby operation is a
state in which only a bias voltage is applied to the upper
electrode of the photoelectric conversion unit 43 and no
power is supplied to, for example, the signal processing
circuit 51.

[0152] The dose signal DDS(C) is repeatedly read at
predetermined intervals. The dose signal DDS(C) obtained
by one reading operation corresponds to the incident dose of
X-rays per unit time. In a case in which the emission of
X-rays starts, the incident dose of X-rays per unit time
increases gradually. Therefore, the value of the dose signal
DDS (C) also increases with the increase in the incident
dose.

[0153] Whenever the dose signal DDS(C) is stored in the
memory 52, the control unit 54 reads the dose signal
DDS(C) from the memory 52 and compares the dose signal
DDS(C) with a predetermined irradiation start determination
threshold value. In a case in which the dose signal DDS(C)
is greater than the irradiation start determination threshold
value, the control unit 54 determines that the emission of
X-rays has started. Therefore, the electronic cassette 16 can
detect the start of the emission of X-rays, without receiving
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the timing signal for indicating the emission start timing of
X-rays from the radiation source control device 14.

[0154] In a case in which the start of the emission of
X-rays has been detected, the control unit 54 performs a
pixel reset operation (not illustrated in FIG. 10) and then
performs a pixel charge accumulation operation. The control
unit 54 includes a timer that starts the measurement of time
in a case in which the start of the emission of X-rays has
been detected, similarly to the radiation source control
device 14, and determines that the emission of X-rays has
ended in a case in which the time measured by the timer has
reached the irradiation time of the irradiation conditions set
in the console 17. In a case in which the control unit 54
detects the end of the emission of X-rays, it ends the pixel
charge accumulation operation and performs an image read-
ing operation. In this way, one X-ray imaging operation for
obtaining an X-ray image corresponding to one screen ends.
After the image reading operation ends, the control unit 54
returns to the standby operation again.

[0155] As illustrated in FIG. 11, in the pixel reset opera-
tion and the image reading operation, the gate driving circuit
75 sequentially applies the gate pulse G(R) to each of the
first to 2880th gate lines 41. In the pixel reset operation,
charge flows from the pixel 40 to the capacitor 71 of the CA
60 through the signal line 42 and is accumulated in the
capacitor 71. The charge is discarded by the amplifier reset
switch 72 without being read.

[0156] In contrast, in the image reading operation, as
illustrated in FIG. 9, the digital signal DS(C) based on the
charge from the pixel 40 is read and stored as an X-ray
image provided for diagnosis in the memory 52. Hereinafter,
the digital signal DS(C) read by the image reading operation
is represented by an image signal DIS(C) so as to be
distinguished from the dose signal DDS(C) in the AED
operation.

[0157] As illustrated in FIG. 12, the control unit 54
changes all of the first to sixteenth ADCs 77 to an operating
state (corresponding to a first state) during the image reading
operation. Then, the control unit 54 operates the first to
sixteenth ADCs 77 in parallel at the same timing during the
image reading operation. The control unit 54 also changes
the first to sixteenth MUXs 76 connected to the first to
sixteenth ADCs 77 to the operating state during the image
reading operation and operates the first to sixteenth MUXs
76 in parallel at the same time. Therefore, in the image
reading operation, the image signals DIS(C) corresponding
to the same columns are sequentially read at the same timing
from the first column to the last column in each of the areas
AR1 to AR16. For example, the image signals DIS(1),
DIS(145), DIS(289), . . ., DIS(2161) corresponding to the
first column, the 145th column, the 289th column, . . ., the
2161st column which are the first columns in the areas AR1
to AR16 are read at the same timing. In addition, all of the
CAs 60 and the CDSs 61 connected to the first to sixteenth
MUXs 76 are also changed to the operating state during the
image reading operation.

[0158] In the standby operation after the image reading
operation ends, the control unit 54 changes all of the first to
sixteenth ADCs 77 to a non-operating state (corresponding
to a second state). All of the first to sixteenth MUXs 76, the
CAs 60, and the CDSs 61 are changed to the non-operating
state during the standby operation.

[0159] As illustrated in FIG. 13, in the AED operation, the
gate pulses G(R) are sequentially applied to the gate lines 41
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corresponding to the same rows at the same time from the
first row to the last row that each of the first to twelfth gate
driving circuits 75 is in charge of. For example, the gate
pulses G(1), G(241), G(481), . . ., G(2639) are applied to the
gate lines 41 corresponding to the first row which is the first
row of the first gate driving circuit 75, the 241st row which
is the first row of the second gate driving circuit 75, the 481st
row which is the first row of the third gate driving circuit 75,
..., the 2639th row which is the first row of the twelfth gate
driving circuit 75 at the same time. Then, the gate pulses
G(2), G(242), G(482), . . ., G(2640) are applied to the gate
lines 41 corresponding to the second, 242nd, 482nd, . . .,
2640th rows which are the rows following the first row at the
same time.

[0160] As such, in the AED operation, the gate pulse G(R)
is applied to the gate lines 41 corresponding to a total of 12
rows which are arranged at an interval of 240 rows. There-
fore, the TFTs 44 in 12 rows are simultaneously turned on
and charge from the pixels 40 in 12 rows is added in the
signal line 42 corresponding to each column and is then
input to the CA 60. Therefore, in a case in which the same
charge is generated in each pixel 40, the dose signal DDS(C)
obtained by the AED operation is approximately 12 times
the image signal DIS(C) obtained by the image reading
operation. As a result, it is possible to improve the signal-
to-noise (S/N) ratio of the dose signal DDS(C).

[0161] Whenever the dose signal DDS(C) based on the
charge corresponding to 12 rows is stored in the memory 52,
the control unit 54 compares the dose signal DDS(C) with
the irradiation start determination threshold value to deter-
mine whether the emission of X-rays has started. The dose
signals DDS(C) corresponding to 2304 columns are output.
The control unit 54 compares one representative value
among 2304 dose signals with the irradiation start determi-
nation threshold value. The representative value is, for
example, an average value, a maximum value, or a mode
value of 2304 dose signals.

[0162] In the pixel charge accumulation operation, the
gate driving circuit 75 does not apply the gate pulse G(R) to
the gate line 41 and all of the TFTs 44 of the pixels 40 are
in an off state.

[0163] In the pixel reset operation, the gate pulse G(R)
may not be sequentially applied to each gate line 41 unlike
FIG. 11 and the first to twelfth gate driving circuits 75 may
sequentially apply the gate pulses G(R) to the corresponding
first to last rows such that the gate pulse G(R) is applied to
the gate lines 41 corresponding to the same rows at the same
time, as illustrated in FIG. 13. Alternatively, the gate pulses
G(R) is applied to each gate line 41 at the same time to
collectively read charge from all of the pixels 40.

[0164] As illustrated in FIG. 14, the control unit 54
periodically switches the power supply state of the first to
sixteenth ADCs 77, specifically, the operating state and the
non-operating state during the AED operation. In addition,
the control unit 54 shifts the switching timing of the power
supply state of the first to sixteenth ADCs 77. Specifically,
first, the control unit 54 changes the first, fifth, ninth, and
thirteenth ADCs 77 which are the first ADCs in the chips
CP1 to CP4 to the operating state and then switches the
operating state to the non-operating state after the lapse of a
time T. The control unit 54 changes the second, sixth, tenth,
and fourteenth ADCs 77 adjacent to the above-mentioned
ADC:s to the operating state at the same time as the switch-
ing and similarly switches the operating state to the non-
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operating state after the lapse of the time T. Then, the control
unit 54 operates the third, seventh, eleventh, and fifteenth
ADCs 77 for the time T and then operates the fourth, eighth,
twelfth, and sixteenth ADCs 77 which are the last ADCs in
the chips CP1 to CP4 for the time T. Then, the control unit
54 repeats the series of power supply state switching opera-
tions.

[0165] Since the first to sixteenth ADCs 77 are provided
for the areas AR1 to AR16, respectively, FIG. 14 illustrates
a case in which the power supply state of the ADC 77 is
switched in units of the ADCs 77 that are in charge of the
areas AR. The first, fifth, ninth, and thirteenth ADCs 77, the
second, sixth, tenth, and fourteenth ADCs 77, the third,
seventh, eleventh, and fifteenth ADCs 77, and the fourth,
eighth, twelfth, and sixteenth ADCs 77 correspond to groups
in which the power supply state is switched at the same
timing. In the groups, the timing of the power supply state
is shifted. In addition, three ADCs 77 are disposed between
two ADCs 77 belonging to the same group. For example, a
total of three ADCs 77, that is, the second to fourth ADCs
77 are disposed between the first and fifth ADCs 77 forming
the same group.

[0166] The time T is the time required to read the dose
signals DDS(C) from all of 144 columns of the pixels 40 that
each ADC 77 is in charge of in the AED operation. The time
(hereinafter, referred to as a reading period of the dose signal
DDS(C)) required to read the dose signal DDS(C) from all
012304 columns is 4T (=1"4) since the dose signals DDS(C)
are read four times by the chips CP1 to CP4.

[0167] The dose signal DDS(C) obtained by the AED
operation is not used as the image information of the patient
P unlike the image signal DIS(C) obtained by the image
reading operation. Therefore, in the AED operation, as
illustrated in FIG. 13, the gate pulse G(R) is applied to the
gate lines 41 corresponding to a total of 12 rows at the same
time and charge from the pixels 40 in 12 rows is added in the
signal line 42 corresponding to each column. As illustrated
in FIG. 14, in the AED operation, the first to sixteenth ADCs
77 are not always in the operating state unlike the image
reading operation and the power supply state is periodically
switched.

[0168] Here, the operating state is a state in which power
PON_A required to fulfill the function of the ADC 77 is
supplied to the ADC 77 as illustrated on the right side in
FIG. 15. The power PON_A corresponds to first power. That
is, the operating state corresponds to the first state as
described above. In contrast, the non-operating state is a
state in which power PSL._A which is lower than the power
PON_A and at which the ADC 77 is not capable of fulfilling
its function is supplied to the ADC 77 as illustrated on the
right side in FIG. 15. The power PSI._A corresponds to
second power. That is, the non-operating state corresponds
to the second state as described above.

[0169] As illustrated in FIGS. 12 and 14, the control unit
54 has a function of switching the power supply state to the
ADC 77 between the operating state which is the first state
and the non-operating state which is the second state.

[0170] Specifically, the power PON_A required to fulfill
the function of the ADC 77 is power required for the image
reading operation. In addition, the operating state may be a
state in which power which is lower than the power required
for the image reading operation and at which the ADC 77
can fulfill the function is supplied.
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[0171] In FIG. 15, the power PSL._A has a value equal to
or greater than 0. However, the power PSL._A may be 0. That
is, the non-operating state may be a power-off state in which
no power is supplied to the ADCs 77. In addition, the
non-operating state may be a state in which the supply of a
clock signal defining the operation timing of the ADC 77 is
stopped such that the power consumption of the ADC 77 is
substantially zero.

[0172] As illustrated in FIG. 12, in the image reading
operation, all of the first to sixteenth ADCs 77 are always in
the operating state. Therefore, in a case in the unit time is T,
the number of ADCs 77 in the operating state (first state) per
unit time T is 16. In contrast, as illustrated in FIG. 14, in the
AED operation, since four of the first to sixteenth ADCs 77
are operated at the same timing, the number of ADCs 77 in
the operating state per unit time T is 4. Therefore, as
illustrated in FIG. 16, in a case in which 16, which is the
number of ADCs 77 per unit time T in the image reading
operation, is normalized to 1, the number of ADCs 77 per
unit time T in the AED operation is 0.25 (=4/16), which is
less than that in the image reading operation.

[0173] The control unit 54 switches the power supply state
of the CA 60, the CDS 61, and the MUX 76 that form the
block BL together with the ADC 77 in operative association
with the ADC 77, which is not illustrated and whose
description will be omitted.

[0174] Next, the operation of the configuration will be
described with reference to a flowchart illustrated in FIG.
17. In a case in which the operator takes an X-ray image with
the X-ray imaging system 10, the operator turns on the
electronic cassette 16. The control unit 54 performs the
standby operation (Step ST100).

[0175] The operator sets a desired imaging menu through
the input device 21 of the console 17. Then, various kinds of
information, such as the set imaging menu and the irradia-
tion conditions corresponding to the set imaging menu, are
transmitted as an imaging preparation command from the
console 17 to the electronic cassette 16.

[0176] After setting the imaging menu, the operator sets
the same irradiation conditions as the irradiation conditions
corresponding to the set imaging menu or irradiation con-
ditions obtained by finely adjusting the irradiation condi-
tions corresponding to the set imaging menu according to,
for example, the physique of the patient P in the radiation
source control device 14. The operator sets the electronic
cassette 16 in one of the upright imaging table 18 and the
decubitus imaging table 19 and locates the X-ray source 13,
the electronic cassette 16, and the patient P at desired
positions. Then, the operator presses the irradiation switch
15 to drive the X-ray source 13 such that X-rays are emitted
to the patient P. In addition, the order of the setting of the
imaging menu, the setting of the irradiation conditions, and
the positioning of, for example, the patient P may be
reversed.

[0177] The imaging preparation command which is vari-
ous kinds of information including the imaging menu is
received by the wireless communication unit 22 or the wired
communication unit 66 and is then received by the control
unit 54 (YES in Step ST110). After receiving the imaging
preparation command, the control unit 54 performs the AED
operation. During the AED operation, as illustrated in FIG.
14, the power supply state of the first to sixteenth ADCs 77
is periodically switched (Step ST120, an irradiation start
detection step).
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[0178] The control unit 54 compares the dose signal
DDS(C) obtained by the AED operation with the irradiation
start determination threshold value (Step ST130). With the
emission of X-rays, the value of the dose signal DDS(C)
increases. In a case in which the dose signal DDS(C) is
greater than the irradiation start determination threshold
value (YES in Step ST130), the control unit 54 determines
that the emission of X-rays has started (Step ST140). The
control unit 54 performs the pixel charge accumulation
operation (Step ST150). In a case in which the dose signal
DDS(C) is not larger than the irradiation start determination
threshold value within a predetermined time (YES in Step
ST160) and power is not turned off (NO in Step ST190), the
control unit 54 returns to the standby operation again (Step
ST100).

[0179] In a case in which the control unit 54 detects the
start of the emission of X-rays, the timer starts the measure-
ment of time. Until the time measured by the timer reaches
the irradiation time in the irradiation conditions set by the
console 17, the pixel charge accumulation operation is
continuously performed. In a case in which the time mea-
sured by the timer reaches the irradiation time in the
irradiation conditions (YES in Step ST170), the control unit
54 performs the image reading operation. During the image
reading operation, as illustrated in FIG. 12, all of the first to
sixteenth ADCs 77 are always in the operating state (Step
ST180, an image reading step). This series of operations is
continuously performed until power is turned off (YES in
Step ST190).

[0180] The image signal DIS(C) obtained by the image
reading operation is transmitted as an X-ray image from the
wireless communication unit 22 or the wired communication
unit 66 to the console 17. The X-ray image is displayed on
the display 20 such that the operator browses the X-ray
image.

[0181] The number of ADCs 77 in the operating state per
unit time T in the AED operation is less than that in the
image reading operation by the switching of the power
supply state of the first to sixteenth ADCs 77. Therefore, it
is possible to reduce the power consumption of the signal
processing circuit 51 in the AED operation.

[0182] In the related art, even in the AED operation, the
first to sixteenth ADCs 77 are always in the operating state
as in the image reading operation and the number of ADCs
77 in the operating state per unit time is equal to that in the
image reading operation. Therefore, power consumption is
significantly high in the AED operation whose operating
time is longer than that of the image reading operation which
ends in a case in which an X-ray image corresponding to one
screen is read once. In particular, in the electronic cassette 16
driven by the battery 65, in a case in which power consump-
tion is high, the battery 65 needs to be charged frequently.
As a result, imaging efficiency is reduced.

[0183] However, in the first invention, it is possible to
reduce the power consumption of the signal processing
circuit 51 in the AED operation. Therefore, the battery 65
lasts longer than that in the related art. As a result, the
number of times the battery 65 is charged is reduced. Thus,
it is possible to improve imaging efficiency.

[0184] A method that performs control such that a specific
ADC 77 is always in the non-operating state is considered as
a method for reducing the number of operating ADCs 77 in
the operating state per unit time T in the AED operation to
be less than that in the image reading operation. However, in
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a case in which a specific ADC 77 is always in the non-
operating state, the dose signal DDS(C) of the area AR that
the specific ADC 77 is in charge of is not read. That is, there
is an area AR that is not coverable by the AED operation.
[0185] In contrast, in this embodiment, as illustrated in
FIG. 14, the power supply state of all of the first to sixteenth
ADCs 77 is periodically switched to reduce the number of
operating ADCs 77 in the operating state per unit time T in
the AED operation so to be less than that in the image
reading operation. Therefore, it is possible to obtain the
effect of reading the dose signals DDS(C) from all of the
areas AR1 to AR16 and covering all of the areas AR1 to
AR16 in addition to the effect of reducing the power
consumed of the signal processing circuit 51 in the AED
operation.

[0186] A method that performs control such that a specific
ADC 77 is always in the operating state and the other ADCs
77 are always in the non-operating state is considered as
another method for reducing the number of operating ADCs
77 in the operating state per unit time T in the AED operation
to be less than that in the image reading operation. However,
in a case in which the power supply state is periodically
switched as in the first to sixteenth ADCs 77 according to
this embodiment, without performing control such that a
specific ADC 77 is always in the operating state, it is clear
that the power consumption of the signal processing circuit
51 can be further reduced.

[0187] As can be seen from the above, the periodical
switching of the power supply state of at least one of a
plurality of ADCs 77 in the AED operation is more effective
than that in a case in which control is performed such that
a specific ADC 77 is always in the non-operating state or a
case in which control is performed such that a specific ADC
77 is always in the operating state and the other ADCs 77 are
always in the non-operating state.

[0188] Since all of the ADCs 77 are changed to the
operating state in the image reading operation, it is possible
to obtain a high-quality X-ray image.

(1-2)-th Embodiment

[0189] Ina (1-2)-th embodiment illustrated in FIG. 18, the
control unit 54 shifts the switching timing of the power
supply state of all of the first to sixteenth ADCs 77. That is,
first, the control unit 54 operates the first ADC 77 for the
time T. Then, the control unit 54 operates the second ADC
77 for the time T and operates the third ADC 77 for the time
T. The control unit 54 continuously performs the switching
of the power supply state up to the sixteenth ADC 77. After
operating the sixteenth ADC 77 for the time T, the control
unit 54 returns to the first ADC 77 and operates the first ADC
77 for the time T again. Then, the control unit 54 repeats the
series of power supply state switching operations.

[0190] In this case, the reading period of the dose signal
DDS(C) is 16T (=1'16) which is longer than 4T in the
(1-1)-th embodiment. However, since the number of ADCs
77 in the operating state per unit time T is 1, the number of
ADCs 77 per unit time T in the AED operation in a case in
which 16 which is the number of ADCs 77 per unit time T
in the image reading operation is normalized to 1 is V16=0.
0625, which is less than 0.25 in the (1-1)-th embodiment.

(1-3)-th Embodiment

[0191] FIG. 19 illustrates a (1-3)-th embodiment. In the
(1-1)-th embodiment, the example in which three ADCs 77
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are disposed between two ADCs 77 in the same group has
been described. However, as in the (1-3)-th embodiment,
there is no ADC 77 between two ADCs 77 in the same
group. In other words, two ADCs 77 in the same group may
be adjacent to each other.

[0192] In FIG. 19, each of the first and second ADCs 77,
the third and fourth ADCs 77, the fifth and sixth ADCs 77,
the seventh and eighth ADCs 77, . . ., the thirteenth and
fourteenth ADCs 77, and the fifteenth and sixteenth ADCs
77 form a group in which the power supply state is switched
at the same timing. However, there is no ADC 77 between
two ADCs 77 belonging to the same group and the two
ADCs 77 are adjacent to each other.

(1-4)-th Embodiment

[0193] FIG. 20 illustrates a (1-4)-th embodiment. In each
of'the above-described embodiments, the power supply state
of the ADCs 77 is switched in units of the areas AR.
However, as in the (1-4)-th embodiment, the control unit 54
may switch the power supply state of the ADCs 77 in units
of the chips CP. Specifically, first, the control unit 54
changes the first to fourth ADCs 77 in the chip CP1 to the
operating state and changes them to the non-operating state
after the lapse of the time T. Then, similarly, the control unit
54 changes the fifth to eighth ADCs 77 in the chip CP2 to
the operating state and changes them to the non-operating
state after the lapse of the time T. Then, the control unit 54
operates the ninth to twelfth ADCs 77 in the chip CP3 for the
time T and then operates the thirteenth to sixteenth ADCs 77
in the chip CP4 for the time T. Then, the control unit 54
repeats the series of power supply state switching opera-
tions.

[0194] As such, in a case in which the power supply state
of'the ADCs 77 is switched in units of the chips CP, control
is simpler than that in a case in which the power supply state
is switched in units of the areas AR. In addition, it is possible
to respond to the chip CP without a function of switching the
power supply state for each block BL.

(1-5)-th Embodiment

[0195] FIG. 21 illustrates a (1-5)-th embodiment. In each
of'the above-described embodiments, the power supply state
of all of the ADCs 77 is periodically switched. However, the
invention is not limited thereto. As in the (1-5)-th embodi-
ment, control may be performed such that at least one ADC
77 is always in the non-operating state.
[0196] As illustrated in FIG. 21, in the (1-5)-th embodi-
ment, the control unit 54 performs control such that the
even-numbered ADCs 77, such as the second, fourth, sixth,
., sixteenth ADCs 77, are always in the non-operating
state during the AED operation. In contrast, the power
supply state of the odd-numbered ADCs 77, such as the first,
third, fifth, . . ., fifteenth ADCs 77, is periodically switched
as in each of the above-described embodiments. As such,
there may be an ADC 77 that is always in the non-operating
state during the AED operation. In a case in which attention
is focused on one ADC 77 and the ADC 77 is always in the
non-operating state, power consumption can be lower than
that in a case in which the power supply state is periodically
switched.
[0197] In contrast, there may be an ADC 77 that is always
in the operating state during the AED operation as in the
image reading operation (see FIG. 27). However, in this
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case, at least one ADC 77 that is in the non-operating state
during the AED operation is required regardless of whether
the power supply state is periodically switched or is fixed.
The reason is as follows. In a case in which all of the ADCs
77 are always in the operating state, they are in the same
state as that in the image reading operation and the number
of ADCs 77 in the operating state per unit time in the AED
operation is not less than that in the image reading operation.

(1-6)-th Embodiment

[0198] FIGS. 22 and 23 illustrate a (1-6)-th embodiment.
In each of the above-described embodiments, for example,
as the first, fifth, ninth, and thirteenth ADCs 77 and the
second, sixth, tenth, and fourteenth ADCs 77 in the (1-1)-th
embodiment illustrated in FIG. 14, at the timing when one
ADC 77 is switched from the operating state to the non-
operating state, the other ADC 77 is switched from the
non-operating state to the operating state. However, the
invention is not limited thereto. As in the (1-6)-th embodi-
ment, the timing when one ADC 77 is switched from the
operating state to the non-operating state may deviate from
the timing when the other ADC 77 is switched from the
non-operating state to the operating state.

[0199] The (1-6)-th embodiment illustrated in FIG. 22 is
the same as the (1-1)-th embodiment illustrated in FIG. 14
in that the first, fifth, ninth, and thirteenth ADCs 77, the
second, sixth, tenth, and fourteenth ADCs 77, the third,
seventh, eleventh, and fifteenth ADCs 77, and the fourth,
eighth, twelfth, and sixteenth ADCs 77 form groups in
which the power supply state is switched at the same timing.
However, before one ADC 77 is switched from the operating
state to the non-operating state, another ADC 77 is switched
from the non-operating state to the operating state. For
example, while the first, fifth, ninth, and thirteenth ADCs 77
are in the operating state, the second, sixth, tenth, and
fourteenth ADCs 77 are switched to the operating state,
specifically, at a timing T/2.

[0200] As such, since the timing when one ADC 77 is
switched from the operating state to the non-operating state
deviates from the timing when the other ADC 77 is switched
from the non-operating state to the operating state, it is
possible to reduce the reading period of the dose signal
DDS(C). Specifically, while the reading period of the dose
signal DDS(C) is 4T in the (1-1)-th embodiment, the reading
period is 2.5T in FIG. 22. Therefore, the reading period is
reduced in this embodiment.

[0201] In this case, the number of ADCs 77 in the oper-
ating state per unit time T is 6 (=4+(4'0.5)) since four ADCs
77 are in the operating state for the time T and four ADCs
77 in the operating state for the time T/2.

[0202] FIG. 22 illustrates an example based on the (1-1)-th
embodiment illustrated in FIG. 14. FIG. 23 illustrates an
example based on the (1-2)-th embodiment illustrated in
FIG. 18, in which the switching timings of the power supply
state of all of first to sixteenth ADCs 77 deviate from each
other. In this case, similarly to the case illustrated in FIG. 22,
before one ADC 77 is switched from the operating state to
the non-operating state, the other ADC 77 is switched from
the non-operating state to the operating state. For example,
while the first ADC 77 is in the operating state, the second
ADC 77 is switched to the operating state, specifically, at a
timing T/2. In this case, it is also possible to reduce the
reading period of the dose signal DDS(C) from 16T illus-
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trated in FIG. 18 to 8.5T. In this case, the number of ADCs
77 in the operating state per unit time T is 1.5.

(1-7)-th Embodiment

[0203] FIG. 24 illustrates a (1-7)-th embodiment. In each
of the above-described embodiments, the switching timings
of the power supply state of a plurality of ADCs 77 deviate
from each other. However, in the (1-7)-th embodiment, the
control unit 54 matches the switching timings of the power
supply state of all of the first to sixteenth ADCs 77.
[0204] In this case, the reading period of the dose signal
DDS(C) is 2T which is obtained by adding the first half time
T for which all of the ADCs 77 are in the operating state and
the second half time T for which all of the ADCs 77 are in
the non-operating state. In this case, the unit time is not T,
but is 2T. The number of ADCs 77 in the operating state per
unit time 27T is 8 (=16/2) since all of 16 ADCs 77 are in the
operating state for the first time T and no ADCs 77 are in the
operating state for the next time T.

(1-8)-th Embodiment

[0205] FIGS. 25 to 27 illustrate a (1-8)-th embodiment. In
each of the above-described embodiments, in the AED
operation, the dose signals DDS(C) based on the charge
from all of the pixels 40 are read. That is, all of the pixels
40 function as detection pixels for reading the dose signals
DDS(C). However, instead of all of the pixels 40, some of
a plurality of pixels 40 may be preset as the detection pixels.
Hereinafter, a reference numeral is assigned to the detection
pixel and the detection pixel is referred to as a detection
pixel 90 (see FIG. 25). Hereinafter, the signal line 42 to
which the detection pixel 90 is connected is referred to as a
detection channel 95 (see FIG. 25).

[0206] FIG. 25 illustrates an example in which all of the
pixels 40 belonging to a total of eight areas AR from the area
ARS5 to the area AR12 that are covered by the chips CP2 and
CP3 among the chips CP1 to CP4 are set as the detection
pixels 90 (which are hatched). In this case, the detection
channels 95 are the signal lines 42 which are connected to
the fifth to eighth MUXs 76 in the chip CP2 and the ninth
to twelfth MUXs 76 in the chip CP3.

[0207] For example, as illustrated in FIG. 26, during the
AED operation, the control unit 54 performs control such
that the first to fourth ADCs 77 of the chip CP1 and the
thirteenth to sixteenth ADCs 77 of the chip CP4 which are
not in charge of the detection channels 95 are always in the
non-operating state. In addition, the control unit 54 periodi-
cally switches the power supply state of the fifth to eighth
ADCs 77 of the chip CP2 and the ninth to twelfth ADCs 77
of'the chip CP3 which are in charge of the detection channels
95.

[0208] In a case in which the detection channel 95 is set,
the ADC 77 which is not in charge of the detection channel
95 is meaningless even though it is in the operating state in
the AED operation. Therefore, the ADC 77 is always in the
non-operating state during the AED operation. On the other
hand, the power supply state of the ADC 77 which is in
charge of the detection channel 95 is periodically switched
during the AED operation. The number of ADCs 77 in the
operating state per unit time T is reduced by the above-
mentioned configuration.

[0209] FIG. 27 is the same as FIG. 26 in that the ADC 77
which is not in charge of the detection channel 95 is always

Apr. 30, 2020

in the non-operating state during the AED operation. How-
ever, in FIG. 27, the ADCs 77 (the fifth to eighth ADCs 77
of the chip CP2 and the ninth to twelfth ADCs 77 of the chip
CP3) which are in charge of the detection channels 95 are
always in the operating state. As can be seen from the
example illustrated in FIG. 27, the first invention includes a
case in which the power supply state of the ADC 77 is not
periodically switched.

[0210] In FIG. 25, all of the signal lines 42 in the areas
ARS5 to AR12 are set as the detection channels 95. However,
the detection channels 95 may be set by any method. For
example, four consecutive detection channels 95 may be set
at intervals of 64 columns such that the first to fourth
columns, the 65th to 68th columns, and the 129th to 132nd
columns are set as the detection channels 95. In addition, the
detection pixels 90 may be set in one detection channel 95
by any method. For example, all of the pixels 40 corre-
sponding to one column may not be set as the detection
pixels 90, but only the pixels 40 corresponding to the 481st
to 960th rows that the third and fourth gate driving circuits
75 are in charge of may be set as the detection pixels 90.

(1-9)-th Embodiment

[0211] FIGS. 28 to 31 illustrate a (1-9)-th embodiment. In
each of the above-described embodiments, the pixel 40 for
obtaining the image signal DIS(C) in the image reading
operation is also used as the detection pixel 90 for obtaining
the dose signal DDS(C) in the AED operation. However, the
invention is not limited thereto. A dedicated detection pixel
90X specialized for the AED operation may be provided
separately from the pixel 40 for detecting an X-ray image.
[0212] In a case in which the detection pixel 90X used
only for the AED operation is provided, the pixels 40 and the
detection pixels 90X are mixed on the light detection
substrate 35. The light detection substrate 35 is limited in
size. Therefore, in a case in which an excessively large
number of detection pixels 90X are provided, a space for the
pixels 40 is reduced and the quality of the X-ray image is
degraded. In addition, the following is considered: in a case
in which the detection pixels 90X are provided so as to be
concentrated on a region on the light detection substrate 35,
the region is not irradiated with X-rays depending on the
setting of the irradiation field. Therefore, for example, as
illustrated in FIG. 28, it is preferable that several tens to
several hundreds of detection pixels 90X are provided with
respect to several millions of pixels 40 and the detection
pixels 90X are dispersively provided on the light detection
substrate 35. For example, the number of detection pixels
90X provided in one detection channel 95 is 12 among 2880
pixels.

[0213] A detection pixel 90X1 illustrated in FIG. 29 has
the same basic configuration comprising the photoelectric
conversion unit 43 and the TFT 44 as the pixel 40. There-
fore, the detection pixel 90X1 can be formed by almost the
same manufacturing process as the pixel 40. The detection
pixel 90X1 is different from the pixel 40 in that the source
electrode and the drain electrode of the TFT 44 are short-
circuited by a short-circuit line 100. That is, in the detection
pixel 90X1 illustrated in FIG. 29, the photoelectric conver-
sion unit 43 is directly connected to the signal line 42 by the
short-circuit line 100. The signal line 42 becomes the
detection channel 95.

[0214] Inthe detection channel 95, the charge generated in
the photoelectric conversion unit 43 of the detection pixel
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90X1 flows out regardless of the on/off state of the TFT 44.
Therefore, for example, even in a case in which the TFTs 44
of the pixels 40 in the same row are turned off and the pixels
40 are in the pixel charge accumulation operation, the charge
generated in the photoelectric conversion unit 43 of the
detection pixel 90X1 always flows into the CA 60 through
the detection channel 95.

[0215] In this case, similarly to the (1-8)-th embodiment
illustrated in FIGS. 25 to 27, the ADC 77 that is not in charge
of the detection channel 95 is always in the non-operating
state during the AED operation. In addition, the power
supply state of the ADC 77 that is in charge of the detection
channel 95 is periodically switched or the ADC 77 is always
in the operating state during the AED operation.

[0216] As a short-circuited pixel in which the photoelec-
tric conversion unit 43 is directly connected to the signal line
42, a detection pixel 90X2 illustrated in FIG. 30 which does
not include the TFT 44 and includes only the photoelectric
conversion unit 43 may be used instead of the detection pixel
90X1 illustrated in FIG. 29. In the examples illustrated in
FIGS. 29 and 30, the charge generated in the detection pixel
90X1 or 90X2 is always added to the charge generated in the
pixel 40 in the same column as the detection pixel 90X1 or
90X2 which is a short-circuited pixel. As a result, it is
difficult to use the pixel 40 in the same column as the
detection pixel 90X1 or 90X2 as a pixel for acquiring the
image signal DIS(C). Therefore, the pixel 40 and the detec-
tion pixel 90X1 or 90X2 in the column corresponding to the
detection channel 95 are treated as defective pixels and are
interpolated by the image signals DIS(C) of the pixels 40 in
the neighboring column that is not the detection channel 95.
[0217] FIG. 31 illustrates an example in which a detection
pixel 90X3 used only for the AED operation is provided
adjacent to a specific pixel 40. The detection pixel 90X3
comprises a photoelectric conversion unit 105 and a TFT
106 similarly to the pixel 40. A gate line 107 and a signal line
(detection channel 95) different from the gate line 41 and the
signal line 42 connected to the TFT 44 of the pixel 40 are
connected to the TFT 106. The gate line 107 is connected to
a gate driving unit 108 that performs driving independently
of the gate driving unit 50. The detection channel 95 is
connected to the MUX unit 62 together with the signal line
42.

[0218] During the AED operation, the gate driving unit 50
does not operate and only the gate driving unit 108 operates.
As in the (1-1)-th embodiment, the gate driving unit 108
applies the gate pulses to the gate lines 107 corresponding to
a plurality of rows at the same time to turn on the TFTs 106
connected to each gate line 107 in units of a plurality of
rows. Alternatively, the gate driving unit 108 may sequen-
tially apply the gate pulses to each gate line 107.

[0219] In this case, similarly to the (1-8)-th embodiment
illustrated in FIGS. 25 to 27, the ADC 77 that is not in charge
of the detection channel 95 is always in the non-operating
state during the AED operation. In addition, the power
supply state of the ADC 77 that is in charge of the detection
channel 95 is periodically switched or the ADC 77 is always
in the operating state during the AED operation. The MUX
unit 62 has the same basic configuration as that in each of the
above-described embodiments except that it is connected not
only to the signal line 42 but also to the detection channel 95
connected to the detection pixel 90X3. In addition, the
detection channel 95 different from the signal line 42 may
not be provided only for the detection pixel 90X3. The TFT
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106 of the detection pixel 90X3 may be connected to the
signal line 42 such that the signal line 42 is also used as the
detection channel 95.

[0220] In the case of FIG. 31, the pixel 40 and the
detection pixel 90X3 can be driven independently by the
gate driving units 50 and 108 and the signal line 42 and the
detection channel 95 are separately provided. Therefore, as
in FIGS. 29 and 30, the pixel 40 in the same column as the
detection pixel 90X3 may not be treated as the defective
pixel.

(1-10)-th Embodiment

[0221] FIG. 32 illustrates a (1-10)-th embodiment. The
(1-10)-th embodiment is configured such that the operator
can set the detection pixels 90 from which the dose signals
DDS(C) are used to determine the start of the emission of
X-rays among all of the detection pixels 90. For example, in
a case in which the detection pixels 90X3 illustrated in FIG.
31 in the (1-9)-th embodiment are dispersively arranged on
the light detection substrate 35 illustrated in FIG. 28, in chest
imaging, the detection pixels 90X3 in a rectangular area
LA1 corresponding to the lung field of the patient P are
selected and the dose signals DDS(C) from the selected
detection pixels 90X3 are used to determine the start of the
emission of X-rays as illustrated in FIG. 32. In contrast, in
abdominal imaging, the detection pixels 90X3 in a rectan-
gular area [LA2 are selected and the dose signals DDS(C)
from the selected detection pixels 90X3 are used to deter-
mine the start of the emission of X-rays.

[0222] Inthis case, the gate driving unit 108 has a function
of'selectively applying the gate pulses to the TFTs 106 of the
detection pixels 90X3 in the areas LA1 and LA2. In a case
in which the detection pixels 90X3 in the arca LAl are
selected in chest imaging, the signal lines 42 in a range
RLA1 corresponding to the width of the area LA1 become
the detection channels 95. Therefore, control is performed
such that the power supply state of the ADCs 77 in charge
of the range RLLA1 is switched or the ADCs 77 are always
in the operating state during the AED operation. The ADCs
77 in charge of the other ranges RLA2 and RLA3 are
switched to the non-operating state. In contrast, in a case in
which the detection pixels 90X3 in the area LA2 are selected
in abdominal imaging, control is performed such that the
power supply state of the ADCs 77 in charge of the range
RLA2 is switched or the ADCs 77 are always in the
operating state during the AED operation. In this case, the
ADCs 77 in charge of the ranges RLA1 and RLA3 are
switched to the non-operating state.

[0223] In FIG. 32, the detection pixel 90X3 illustrated in
FIG. 31 in the (1-9)-th embodiment has been described as an
example. However, the invention is not limited thereto. In
the configuration in which the pixel 40 for obtaining the
image signal DIS(C) in the image reading operation is also
used as the detection pixel 90 for obtaining the dose signal
DDS(C) in the AED operation as in the (1-8)-th embodiment
illustrated in FIGS. 25 to 27, in a case in which the function
of selectively applying the gate pulses G(R) to the TFTs 44
of the pixels 40 in a specific area is provided in the gate
driving unit 50, the same effect as described above can be
obtained.

[0224] For the detection pixels 90X1 and 90X2 illustrated
in FIGS. 29 and 30 in the (1-9)-th embodiment, in a case in
which the detection pixels 90X1 and 90X2 are arranged only
in the area L A1 in the range R[LA1 and are arranged only in
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the area LLA2 in the range RLA2, the same effect as
described above can be obtained.

(1-11)-th Embodiment

[0225] FIGS. 33 and 34 illustrate a (1-11)-th embodiment.
As described above, the dose signal DDS(C) obtained by the
AED operation is not used as the image information of the
patient P. Therefore, the accuracy required for the image
signal DIS(C) output in the image reading operation is not
required for the dose signal DDS (C) in the AED operation.
In the (1-11)-th embodiment illustrated in FIG. 33, the
operation of the CDS 61 in the AED operation is simpler
than that in the image reading operation to further reduce the
power consumption of the signal processing circuit 51 in the
AED operation.

[0226] FIG. 33A s a flowchart illustrating the operation of
the CDS 61 in the image reading operation which has been
described in brief with reference to FIG. 6. That is, the first
S/H 73 A of the CDS 61 holds a reset noise component (Step
ST300). Then, the second S/H 73B holds an analog voltage
signal V(C) (Step ST310). Finally, the difference amplifier
74 calculates the difference between the reset noise compo-
nent and the analog voltage signal V(C) held in the first and
second S/Hs 73A and 73B and outputs an analog voltage
signal V(C) from which noise has been removed (Step
ST320).

[0227] In contrast, in the AED operation, the holding of
the reset noise component by the first S/H 73A in Step
ST300 is skipped and the process starts from the holding of
the analog voltage signal V(C) by the second S/H 73B in
Step ST310 as illustrated in FIG. 33B. Then, the difference
amplifier 74 outputs the analog voltage signal V(C) without
calculating the difference between the reset noise component
and the analog voltage signal V(C) (Step ST330).

[0228] As such, in the AED operation, since the holding of
the reset noise component by the first S/H 73A is skipped,
the supply of power to the first S/H 73A is not necessary or
it is possible to drive the first S/H 73 A with power lower than
that in the image reading operation. Therefore, it is possible
to further reduce the power consumption of the signal
processing circuit 51 in the AED operation. In addition, in
the AED operation, it is possible to output the analog voltage
signal V(C) at a higher speed than that in the image reading
operation by a value corresponding to the operation of
skipping the holding of the reset noise component by the first
S/H 73A.

[0229] In the (1-1)-th embodiment, the example in which
the difference amplifier 74 is connected to the input terminal
of the MUX 76 as illustrated in FIG. 6 has been described.
However, the invention is not limited thereto. As illustrated
in FIG. 34, two MUXs 76A and 76B may be connected
between the first and second S/Hs 73A and 73B and the
difference amplifier 74 and the difference amplifier 74 may
be connected between the MUXs 76A and 76B and the ADC
77.

[0230] In this case, for example, the first and second S/Hs
73A and 73B of a plurality of CDSs 61 corresponding to the
columns in the same area AR are connected to the MUXs
76A and 76B, respectively. In the (1-1)-th embodiment, as
illustrated in FIG. 6, since the difference amplifier 74 is
connected to a stage behind the MUX 76, the difference
amplifier 74 is provided for each CDS 61. However, in FIG.
34, since the difference amplifier 74 is connected to a stage
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behind the MUXs 76A and 76B, the number of difference
amplifiers 74 is equal to the number of ADCs 77.

[0231] In the configuration illustrated in FIG. 34, as illus-
trated in FIG. 33B, the holding of the reset noise component
by the first S/H 73A in the AED operation is skipped.
Therefore, it is possible to reduce power consumption. In
this case, it is possible to reduce the supply of power to the
MUX 76A in addition to the first S/H 73A. In addition, the
number of difference amplifiers 74 is reduced to reduce the
supply of power to the difference amplifier 74. Therefore, it
is possible to further reduce the power consumption of the
signal processing circuit 51 in the AED operation.

(1-12)-th Embodiment

[0232] FIGS. 35 to 37 illustrate a (1-12)-th embodiment.
Here, for example, FIG. 35 illustrates a temperature distri-
bution in the column direction of the block BL7 in a case in
which the sixth and eighth ADCs 77 adjacent to the seventh
ADC 77 illustrated in FIG. 18 in the (1-2)-th embodiment is
in the non-operating state for a relatively long time, the
power supply state is switched at different timings, and the
seven the seventh ADC 77 is in the operating state. That is,
the temperature distribution has a mountain shape in which
the temperature drops at both ends due to the influence of the
adjacent blocks BL.6 and BL8 in the non-operating state and
the temperature in a central portion is higher than that at both
ends. The reason why the temperature distribution of the
block BL6 has a gentle mountain shape is that, as illustrated
in FIG. 18, the sixth ADC 77 is in the operating state
immediately before the seventh ADC 77 changes to the
operating state.

[0233] In a case in which the block BL is in charge of a
large number of columns of the pixels 40, the width of the
block BL in the column direction is large. Therefore, for a
change in the temperature distribution in the block BL, the
central portion is approximately flat and becomes gentle. In
contrast, in a case in which the block BL is in charge of a
small number of columns of the pixels 40, the width of the
block BL in the column direction is small. Therefore, the
change in the temperature distribution is steep. In a case in
which there is a bias in the temperature distribution in the
block BL, a temperature drift occurs in the digital signal
DS(C). It is preferable to arrange the detection channel 95
having the detection pixels 90 in a central portion of the area
AR in which a temperature gradient is likely to be relatively
flat, in order to minimize the influence of the temperature
drift.

[0234] In the examples illustrated in FIGS. 29 and 30 in
the (1-9)-th embodiment, the number of detection pixels
90X1 or 90X2 arranged in one detection channel 95 is less
than 1% of the total number of pixels. For example, among
2880 pixels, 12 pixels are the detection pixels. As such, the
following relationship is established between the number of
pixels 40 and the number of detection pixels 90X1 or 90X2:
the number of pixels 40»the number of detection pixels
90X1 or 90X2.

[0235] Here, even in a case in which the TFT 44 is in an
off state, a very small amount of charge generated in the
pixel 40 flows into the signal line 42. The charge is referred
to as a leak charge. As schematically illustrated in FIG. 36,
in addition to charge SC generated in the detection pixel
90X1 or 90X2, the leak charge L.C flows into the detection
channel 95 in the examples illustrated in FIGS. 29 and 30.
Since the leak charge L.C is added to the charge SC gener-
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ated in the detection pixel 90X1 or 90X2 which is desired to
be originally extracted as the dose signal DDS(C), it
becomes noise in a case in which the start of the emission of
X-rays is determined. In addition, since the number of pixels
40»the number of detection pixels 90X1 or 90X2 is satisfied,
the amount of leak charge LC is not negligible with respect
to the amount of charge SC generated in the detection pixel
90X1 or 90X2. As a result, the risk of erroneously deter-
mining the start of the emission of X-rays increases. In the
(1-12)-th embodiment, correction which removes the influ-
ence of the leak charge L.C from the dose signal DDS(C) of
the detection channel 95 and then removes the influence of
the temperature drift is performed.

[0236] Specifically, as illustrated in FIG. 37, the columns
of only the pixels 40 without including the detection pixel
90X1 or 90X2 are provided adjacent to the detection channel
95 having the detection pixels 90X1 or 90X2 arranged
therein such that the detection channel 95 is interposed
therebetween. Hereinafter, the signal line 42 corresponding
to the column of only the pixels 40 without including the
detection pixel 90X1 or 90X2 is referred to as a reference
channel 120.

[0237] In FIG. 37, the detection channel 95 and the
reference channel 120 are connected to the same MUX 76
and the same ADC 77. That is, the detection channel 95 and
the reference channel 120 are in the same block BL. In this
case, the control unit 54 changes the ADC 77 that is in
charge of both the detection channel 95 and the reference
channel 120 to the operating state during the AED operation.
In a case in which the detection channel 95 and the reference
channel 120 are divided into different blocks BL and are
connected to different ADCs 77, the control unit 54 changes
the ADC 77 that is in charge of the detection channel 95 to
the operating state and changes the ADC 77 that is in charge
of the reference channel 120 to the operating state.

[0238] Then, the ADC 77 outputs the dose signal DDS(C)
based on the analog voltage signal V(C) from the detection
channel 95 and the dose signals DDS(C-1) and DDS(C+1)
based on the analog voltage signals V(C-1) and V(C+1)
from the reference channel 120 to the memory 52. Herein-
after, the dose signals DDS(C-1) and DDS(C+1) are
referred to as reference signals DRS(C-1) and DRS(C+1),
respectively.

[0239] A leak charge correction unit 121 accesses the
memory 52 and reads the dose signal DDS(C) from the
memory 52. The leak charge correction unit 121 is provided
in, for example, the control unit 54. The leak charge cor-
rection unit 121 performs subtraction represented by the
following Expression (1) to obtain a leak charge corrected
dose signal RCDDS(C) from the dose signal DDS(C):

RCDDS(C)=DDS(C)-DRS(C) o)

(where DRS(C)={DRS(C-1)+DRS(C+1)}/2). That is, the
leak charge corrected dose signal RCDDS(C) is obtained by
subtracting DRS(C), which is the average value of two
reference signals DRS(C-1) and DRS(C+1) from the refer-
ence channels 120 corresponding to two columns, from the
dose signal DDS(C) from the detection channel 95.

[0240] The reference signals DRS(C-1) and DRS(C+1)
are components based on the leak charge LC of the pixels 40
connected to the reference channels 120. It is considered that
the average value DRS(C) of the reference signals DRS(C-
1) and DRS(C+1) is substantially matched with the compo-
nent based on the leak charge LC of the pixels 40 connected
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to the detection channel 95 since the detection channel 95
and the reference channel 120 are adjacent to each other and
include almost the same number of pixels 40. Therefore, the
subtraction represented by Expression (1) is performed to
remove the component of the leak charge L.C from the dose
signal DDS(C).

[0241] A temperature drift correction unit 122 is provided
in a stage behind the leak charge correction unit 121. The
temperature drift correction unit 122 is provided in, for
example, the control unit 54 similarly to the leak charge
correction unit 121. The temperature drift correction unit
122 multiplies the leak charge corrected dose signal RCDDS
(C) by a correction coeflicient a(C) to calculate a tempera-
ture drift corrected dose signal DRCDDS(C) as illustrated in
the following Expression (2):

DRCDDS(C)=RCDDS(C)xa(C) Q).

[0242] The temperature distribution, which is illustrated in
FIG. 35, in the signal processing circuit 51 including the
detection channel 95 and the reference channel 120 is
reflected in the reference signals DRS(C-1) and DRS(C+1).
That is, the degree of the temperature drift occurring in the
dose signal DDS(C) is known from the reference signals
DRS(C-1) and DRS(C+1). The correction coefficient a(C)
is calculated from a calculation formula F{DRS(C-1), DRS
(C+1)} having the reference signals DRS(C-1) and DRS
(C+1) as variables. The correction coefficient a(C) is used
such that the value of the leak charge corrected dose signal
RCDDS(C) is equal to that in a case in which the leak charge
corrected dose signal RCDDS(C) is read in a standard state
in which all of the ADCs 77 are in the operating state in the
image reading operation and each block BL1-16 is in a
thermal equilibrium state. The correction coefficient a(C) is
calculated for each detection channel 95. In addition, the
correction coefficient c(C) may be calculated from a calcu-
lation formula having the average value DRS(C) of the
reference signals DRS(C-1) and DRS(C+1) as a variable.

[0243] A temperature measurement function of measuring
the temperature TP of a central portion of each block BL is
provided in some chips CP in advance. In this case, the
correction coefficient a(C) is calculated on the basis of the
temperature TP acquired by the temperature measurement
function (using a calculation formula having the temperature
TP as a variable). In a case in which the temperature
measurement function is not provided in the chip CP, the
temperature measurement function may be separately pro-
vided to acquire the temperature TP.

[0244] The correction of the temperature drift by the
temperature drift correction unit 122 may not be performed
in a case in which it is determined that there is no tempera-
ture drift in the dose signal DDS(C) such as a case in which
the temperature TP is in the standard state. Specifically, a
threshold value is set to the temperature TP. In a case in
which the temperature TP is equal to or less than the
threshold value, the temperature drift is not corrected. In a
case in which the temperature TP is greater than the thresh-
old value, the temperature drift is corrected.

[0245] In the image reading operation, since all of the
ADCs 77 are always in the operating state, the bias in the
temperature distribution illustrated in FIG. 35 is less likely
to occur. Of course, the temperature drift correction unit 122
may also perform temperature drift correction for the image
signal DIS(C).
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[0246] In a case in which the power supply state of the
ADCs 77 is switched in units of the chips CP as in the
(1-4)-th embodiment illustrated in FIG. 20, the bias in the
temperature distribution illustrated in FIG. 35 does not occur
in units of the blocks BL, but occurs in units of the chips CP.
In this case, the temperature TP is measured in units of the
chips CP and the temperature drift is corrected in units of the
chips CP.

[0247] In a case in which the power supply state of the
ADCs 77 is switched in units of the chips CP, it is preferable
to take measures to prevent the temperature distribution
from being biased, for example, measures to connect adja-
cent chips CP with a thermally conducting member, such as
a heat sink or a heat pipe.

[0248] In FIG. 37, one reference channel 120 is provided
on each side of the detection channel 95, that is, a total of
two reference channels 120 are provided adjacent to each
other with the detection channel 95 interposed therebetween.
However, a plurality of reference channels 120 may be
provided on each side of the detection channel 95. It is
preferable that the number of reference channels 120 pro-
vided on each side is equal to or greater than 2, that is, the
total number of reference channels 120 is equal to or greater
than 4. The reason is that, in a case in which the number of
reference channels 120 is small, the number of reference
signals is small, and there is a variation in the value of the
reference signal value in each reference channel 120, the
reliability of the average value DRS(C) of the reference
signals subtracted from the dose signal DDS(C) is reduced.
[0249] In the case of the detection pixel 90X3 illustrated
in FIG. 31 in the (1-9)-th embodiment, the signal line 42 and
the detection channel 95 are separately provided and the
pixel 40 is not connected to the detection channel 95.
Therefore, there is no concern that the leak charge L.C of the
pixel 40 will flow into the detection channel 95. In a case in
which the detection channel 95 is also used as the signal line
42 in FIG. 31 and the TFT 106 is turned off, the charge
generated in the detection pixel 90X3 does not flow into the
signal line 42. Therefore, in a case in which the TFT 106 is
in the off state, the signal line 42 that is also used as the
detection channel 95 acts just like the reference channel 120.
Therefore, in this case, the digital signal DS(C) read in a
state in which the TFT 106 is turned off may be replaced
with a reference signal and the reference signal may be
subtracted from the dose signal DDS(C) read in a state in
which the TFT 106 is turned on. That is, in any case
illustrated in FIG. 31, it is not necessary to provide a
dedicated reference channel 120.

(1-13)-th Embodiment

[0250] Ina (1-13)-th embodiment illustrated in FIG. 38, in
the AED operation, the control unit 54 switches an interface
(hereinafter, referred to as an I/F) that transmits the digital
signal DS(C) in a stage behind the ADC 77 to one having a
lower power consumption than that in the image reading
operation. In this configuration, the power consumption of
the signal processing circuit 51 in the AED operation may be
reduced.

[0251] In FIG. 38, two types of interfaces, that is, a low
voltage differential signaling (LVDS) I/F 125 and a CMOS
I/F 126 are prepared as the I/F for transmitting the digital
signal DS(C) between the ADC 77 and the memory 52. The
LVDS I/F 125 has a higher transmission accuracy than the
CMOS I/F 126, but has a higher power consumption than the
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CMOS I/F 126. The control unit 54 controls the operation of
a switch 127 to switch the transmission I/Fs.

[0252] FIG. 38A illustrates a case in which the AED
operation is performed and FIG. 38B a case in which the
image reading operation is performed. That is, the CMOS
I/F 126 is selected in the AED operation and the LVDS I/F
125 is selected in the image reading operation.

[0253] As such, since the CMOS I/F 126 is selected in the
AED operation, it is possible to further reduce the power
consumption of the signal processing circuit 51 in the AED
operation. The accuracy of the transmission of the dose
signal DDS(C) is low. However, since the dose signal
DDS(C) is not used as the image information of the patient
P, some errors in transmission do not cause a big problem.
On the other hand, since the LVDS I/F 125 is selected in the
image reading operation, power consumption increases, but
it is possible to accurately transmit the image signal DIS(C)
to the memory 52.

[0254] In addition, only the CMOS I/F 126 may be pro-
vided as the transmission I/F for the digital signal DS(C)
between the ADC 77 and the memory 52 and the supply
voltage to the CMOS I/F 126 may be switched. For example,
the supply voltage is 5.0 V in the image reading operation
and is 3.3 V in the AED operation. Alternatively, the supply
voltage may be 2.5 V in the image reading operation and
may be 1.8 V in the AED operation. As the supply voltage
becomes higher, the dynamic range becomes wider and the
accuracy of transmission becomes higher. However, power
consumption becomes higher. Therefore, in the AED opera-
tion, the supply voltage is switched to a lower voltage than
that in the image reading operation. As a result, it is possible
to further reduce the power consumption of the signal
processing circuit 51 in the AED operation.

[0255] In each of the above-described embodiments, the
second state has been described as the non-operating state.
As described above, the non-operating state includes the
state in which the power PSL_A is supplied, the power-off
state in which no power is supplied to the ADC 77, and the
state in which the supply of the clock signal to the ADC 77
is stopped. However, the second state is not limited to the
non-operating state. For example, the second state may be a
state in which the number of pulses per unit time in the clock
signal supplied to the ADC 77 is less than that in the first
state and the power consumption of the ADC 77 per unit
time is less than that in the first state.

2. Second Invention

[0256] In a second invention illustrated in FIGS. 39 to 43
which will be described below, the control unit 54 changes
at least one of the non-detection CAs 131 (see FIG. 39A)
which are the CAs 60 connected to the non-detection
channels 130 (see FIG. 39A) as the signal lines 42 other than
the detection channels 95 among a plurality of CAs 60 to a
power saving state in which power supplied to the non-
detection CAs 60 in the AED operation is lower than normal
power in the image reading operation. Therefore, the power
supplied to the CAs 60 including the non-detection CA 131
in the AED operation is lower than that in the image reading
operation.

[0257] In the second invention, for example, the X-ray
imaging system 10 and the electronic cassette 16 have the
same basic configuration as those in the first invention. In
addition, the patterns described in the (1-1)-th to (1-7)-th
embodiments can be applied to the switching pattern of the
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power supply state of the ADC 77. Further, the second
invention may be combined with other embodiments (the
(1-8)-th to (1-13)-th embodiments) of the first invention.
Hereinafter, the same components as those in the first
invention are denoted by the same reference numerals and
the description thereof will not be repeated. The difference
from the first invention will be mainly described.

(2-1)-th Embodiment

[0258] FIGS. 39 and 40 illustrate a (2-1)-th embodiment.
In the (2-1)-th embodiment, for example, a configuration
including the detection pixel 90X1 illustrated in FIG. 29 or
the detection pixel 90X2 illustrated in FIG. 30 in the (1-9)-th
embodiment will be described. However, the configuration
is not limited thereto.

[0259] In the (2-1)-th embodiment, FIG. 39A illustrates a
case in which odd-numbered columns, such as the first,
third, fifth, . . ., 143rd columns, are the detection channels
95 and the even-numbered columns, the second, fourth,
sixth, . . ., 144th columns, are the non-detection channels
130 for simplicity of explanation. Hereinafter, the CA 60
connected to the detection channel 95 is referred to as a
detection CA 132 in order to distinguish the CA 60 from the
non-detection CA 131 which is the CA 60 connected to the
non-detection channel 130. In addition, alphabets DT above
the detection channel 95 indicate that the column is the
detection channel 95 and alphabets NDT above the non-
detection channel 130 indicate that the column is the non-
detection channel 130.

[0260] The MUX 76 sequentially selects the analog volt-
age signals V(C) from a plurality of CAs 60 and outputs the
selected analog voltage signal V(C) to the ADC 77 as in each
of the above-described embodiments.

[0261] In the (2-1)-th embodiment, as illustrated in FIG.
39B, it is assumed that the power P_C supplied to the CA 60
in the AED operation is PN_C in the case of the detection
CA 132 and is PL._C lower than PN_C in the case of the
non-detection CA 131. The supply power PN_C is power
supplied to all of the CAs 60 in the image reading operation
and corresponds to normal power. The power PL_C supplied
to the non-detection CA 131 is, for example, about Y10 of the
normal power PN_C. That is, the state of the non-detection
CA 131 illustrated in FIG. 39B is a low power state in which
the power PL._C that is lower than the normal power PN_C
and is greater than O is supplied.

[0262] As such, since only the power PL._C lower than the
normal power PN_C is supplied to the non-detection CA
131, the digital signal DS(C) based on the analog voltage
signal V(C) from the non-detection CA 131 has a meaning-
less value in terms of data. Therefore, as illustrated in FIG.
39A, the control unit 54 discards the digital signal DS(C)
based on the analog voltage signal V(C) from the non-
detection CA 131, without using it as the dose signal
DDS(C).

[0263] FIG. 40 is a flowchart illustrating the procedure of
the operation of the electronic cassette according to the
(2-1)-th embodiment. The flowchart differs from the flow-
chart illustrated in FIG. 17 in the (1-1)-th embodiment in
Step ST1202 and Step ST1802 surrounded by a one-dot
chain line. Hereinafter, only the difference will be described.
[0264] In Step ST1202, in the AED operation, the power
supplied to the detection CA 132 is set to the normal power
PN_C and the power supplied to the non-detection CA 131
is set to PL_C lower than PN_C (irradiation start detection
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step). In Step ST1802, in the image reading operation, the
power supplied to all of the CAs 60 is set to the normal
power PN_C without distinguishing between the detection
CA 132 and the non-detection CA 131 (image reading step).
[0265] As such, since the non-detection CA 131 is in the
power saving state in which the power supplied to the
non-detection CA 131 in the AED operation is lower than the
normal power, it is possible to reduce the power consump-
tion of the signal processing circuit 51 in the AED operation.
Therefore, similarly to the first invention, the battery 65 lasts
longer than that in the related art and thus the number of
times the battery 65 is charged is reduced. Therefore, it is
possible to improve imaging efficiency.

[0266] The non-detection CA 131 that is in the power
saving state in the AED operation may be at least one of the
non-detection CAs 131. Of course, it is preferable that all of
the non-detection CAs 131 are changed to the power saving
state in order to obtain the maximum effect.

(2-2)-th Embodiment

[0267] FIG. 41 illustrates a (2-2)-th embodiment. In the
(2-1)-th embodiment illustrated in FIGS. 39 and 40, the
power PL_C supplied to the non-detection CA 131 in the
AED operation is a value less than 0. However, in the
(2-2)-th embodiment, as illustrated in FIG. 41, the power
PL_C supplied to the non-detection CA 131 in the AED
operation is 0. That is, the non-detection CA 131 is a
power-off state in which the supply of power is stopped.
[0268] As such, in a case in which the non-detection CA
131 is in the power-off state, the power supplied to the
non-detection CA 131 is 0. Therefore, it is possible to further
reduce the power consumption of the non-detection CA 131
as compared to the (2-1)-th embodiment illustrated in FIGS.
39 and 40.

[0269] However, in a case in which the non-detection CA
131 is in the power-off state, a virtual short state between
two input terminals of the non-detection CA 131 is not
maintained and the potential of the input stage of the
non-detection CA 131 becomes indefinite. Therefore, the
charge of the non-detection channel 130 also becomes
unstable, which has a bad influence on the image reading
operation later. For this reason, it is preferable to supply the
power PL_C that does not cause the potential of the input
stage of the non-detection CA 131 to be indefinite to change
the non-detection CA 131 to a low power state as in the
(2-1)-th embodiment rather than to set the power supplied to
the non-detection CA 131 to 0 to change the non-detection
CA 131 to the power-off state as in the (2-2)-th embodiment.
[0270] In a case in which the non-detection CA 131 is in
the power-off state, a measure illustrated in FIG. 42 may be
taken in order to prevent a bad influence on the image
reading operation. That is, a switch 133 that is turned on and
off under the control of the control unit 54 is provided in a
stage before the non-detection CA 131. Then, the control
unit 54 turns off the switch 133 to disconnect the non-
detection CA 131 from the non-detection channel 130 in the
AED operation illustrated in FIG. 41A in which no power is
supplied. In addition, the control unit 54 applies a reference
potential, which is the same as that in a case in which the
normal power PN_C is supplied, to the non-detection CA
131. In contrast, the control unit 54 turns on the switch 133
in the image reading operation illustrated in FIG. 41B in
which the normal power PN_C is supplied. According to this
configuration, it takes a lot of time and effort to provide the
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switch 133, but the instability of the charge of the non-
detection channel 130 caused by the indefinite potential of
the input stage of the non-detection CA 131 does not has an
influence on the image reading operation.

[0271] In this case, similarly to the (2-1)-th embodiment,
the non-detection CA 131 that is in the power-off state in the
AED operation may be at least one of the non-detection CAs
131. It is preferable that all of the non-detection CAs 131 are
in the power-off state in order to reduce power consumption.

(2-3)-th Embodiment

[0272] In a (2-3)-th embodiment illustrated in FIG. 43, in
addition to the non-detection CA 131, the detection CA 132
is driven in a low power state in which power lower than the
normal power PN_C and is greater than 0 is supplied.
Specifically, the power supplied to the non-detection CA 131
in the AED operation is PL_C1 that is Y10 of the normal
power PN_C and the power supplied to the detection CA 132
is PL_C2 that is % of the normal power PN_C. The transient
response characteristic of the detection CA 132 is reduced in
correspondence to Y2 of the normal power PN_C. In this
case, the operation speed of the ADC 77 is delayed so as to
be matched with the reduction in the transient response
characteristic. This configuration does not cause any prob-
lem because the dose signal DDS(C) that is meaningful in
terms of data is obtained. Since the power supplied to the
detection CA 132 in addition to the non-detection CA 131 is
reduced, it is possible to further reduce the power consump-
tion of the signal processing circuit 51 in the AED operation.
[0273] In the (2-3)-th embodiment, similarly to the non-
detection CA 131 according to each of the above-described
embodiments, the detection CA 132 that is in the low power
state in the AED operation may be at least one of the
detection CAs 132. It is preferable that all of the detection
CAs 132 are in the low power state in order to reduce power
consumption.

[0274] As described above, each embodiment of the sec-
ond invention may be combined with each embodiment of
the first invention. For example, as illustrated in FIG. 14 of
the (1-1)-th embodiment, the control unit 54 may periodi-
cally switch the power supply state of the ADC 77 and the
MUX 76 which form the block BL from the first state to the
second state. In this case, the first state is, for example, the
operating state and is a state in which power required to
fulfill the functions of each of the MUX 76 and the ADC 77
is supplied to each of the MUX 76 and the ADC 77. In
contrast, the second state is, for example, the non-operating
state and is a state in which power incapable of fulfilling the
functions is supplied to at least one of the MUX 76 or the
ADC 77 or a state in which no clock signal is applied to the
ADC 77. Further, the second state includes a state in which
the number of pulses per unit time in the clock signal applied
to the ADC 77 is less than that in the first state.

[0275] For example, the switching patterns of power sup-
ply to the ADC 77 and the block BL in the second invention
and the first invention may be combined as follows. First, in
a case in which there are two or more blocks BL including
the MUX 76 and the ADC 77 whose power supply state is
periodically switched as illustrated in, for example, FIG. 14
of'the (1-1)-th embodiment, the control unit 54 may shift the
switching timing of the power supply state of at least two of
the two or more blocks BL.

[0276] In addition, the control unit 54 may shift the
switching timing of the power supply state for each of a
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plurality of groups to which two or more blocks BL belong,
as illustrated in, for example, FIG. 14 of the (1-1)-th
embodiment. In this case, it is preferable that at least one
block BL is disposed between two blocks BL belonging to
the same group. Alternatively, as illustrated in, for example,
FIG. 18 of the (1-2)-th embodiment, the switching timing of
the power supply state of all of the two or more blocks BL,
may be shifted.

[0277] As illustrated in, for example, FIG. 21 of the
(1-5)-th embodiment, in a case in which there are a plurality
of blocks BL including the MUX 76 to which only the
non-detection CA 131 is connected, at least one of the
plurality of blocks BL. may be always in the second state.
[0278] Asinthe (1-12)-th embodiment illustrated in FIGS.
35 to 37, leak charge correction and temperature drift
correction may be performed for the dose signal DDS(C).
[0279] In addition, the (1-8)-th embodiment illustrated in
FIGS. 25 to 27 in which the detection channel 95 that is the
signal line 42 to which the detection pixel 90 used for the
AED operation is connected is set, the (1-9)-th embodiment
illustrated in FIGS. 28 to 31 in which the detection pixel 90X
used only for the AED operation is provided, the (1-10)-th
embodiment illustrated in FIG. 32 in which the setting of the
detection pixel 90 can be changed, the (1-11)-th embodiment
illustrated in FIGS. 33 and 34 in which the operation of the
CDS 61 in the AED operation is simplified, and the (1-13)-th
embodiment illustrated in FIG. 38 in which the digital signal
transmission I/F is switched may be combined with each
other.

3. Third Invention

[0280] In a third invention illustrated in FIGS. 44 to 49
which will be described below, the control unit 54 selec-
tively outputs the analog voltage signals V(C) from some
CAs including the detection CA 132 to the ADC 77, directs
the ADC 77 to perform only an AD conversion process for
the selectively output analog voltage signal V(C), and
reduces the number of pulses per unit time in the clock
signal of the ADC 77 in the AED operation to be less than
that in the image reading operation.

[0281] In the third invention, similarly to the second
invention, for example, the X-ray imaging system 10 and the
electronic cassette 16 have the same basic configuration as
those in the first invention. In addition, the patterns
described in the (1-1)-th to (1-7)-th embodiments can be
applied to the switching pattern of the power supply state of
the ADC 77. Further, the third invention may be combined
with other embodiments (the (1-8)-th to (1-13)-th embodi-
ments) of the first invention and the (2-1)-th to (2-3)-th
embodiments of the second invention. Hereinafter, the same
components as those in the first and second inventions are
denoted by the same reference numerals and the description
thereof will not be repeated. The difference from the first and
second inventions will be mainly described.

(3-1)-th Embodiment

[0282] FIGS. 44 to 48 illustrate a (3-1)-th embodiment. In
the (3-1)-th embodiment, similarly to the (2-1)-th embodi-
ment, for example, a configuration including the detection
pixel 90X1 illustrated in FIG. 29 or the detection pixel 90X2
illustrated in FIG. 30 in the (1-9)-th embodiment will be
described. However, the configuration is not limited thereto.
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[0283] FIG. 44 illustrates the procedure of reading the
dose signals DDS(C) in the area AR1 including the first to
144th columns as in FIG. 9. FIG. 44 illustrates a case in
which odd-numbered columns, such as the first, third, fifth,
..., 143rd columns, are the detection channels 95 and the
even-numbered columns, the second, fourth, sixth, . . .,
144th columns, are the non-detection channels 130 as in
FIG. 39A.

[0284] Inthis case, the difference from FIG. 39A is that the
MUX 76 is changed to a MUX 135. The MUX 76 has only
the function of sequentially selecting the columns one by
one. In contrast, the MUX 135 has a function of skipping the
non-detection channels 130 corresponding to the even-
numbered columns and sequentially selecting the analog
voltage signals V(C) from the detection CAs 132 of the
detection channels 95 corresponding to the odd-numbered
columns. That is, the MUX 135 has a function of selecting
the analog voltage signal V(C) from some of a plurality of
connected CAs 60, in this case, the detection CAs 132 of the
detection channels 95. For example, this function can be
implemented by providing a switch in a flip-flop circuit of a
shift register forming the MUX 135.

[0285] In the procedure of reading the dose signal DDS
(O), first, as illustrated in (A) of FIG. 44, the first MUX 135
selects an analog voltage signal V(1) corresponding to the
first column. Then, the analog voltage signal V(1) is input to
the first ADC 77 and the first ADC 77 converts the analog
voltage signal V(1) into a dose signal DDS(1). Then, as
illustrated in (B) of FIG. 44, an analog voltage signal V(2)
corresponding to the second column is skipped and the first
MUX 135 selects an analog voltage signal V(3) correspond-
ing to the third column. Then, the analog voltage signal V(3)
is input to the first ADC 77 and the first ADC 77 converts the
analog voltage signal V(3) into a dose signal DDS(3). Then,
as illustrated in (C) of FIG. 44, the first MUX 135 selects an
analog voltage signal V(5) corresponding to the fifth col-
umn. Then, the analog voltage signal V(5) is input to the first
ADC 77 and the first ADC 77 converts the analog voltage
signal V(5) into a dose signal DDS(5).

[0286] This series of operations are repeated by the first
MUX 76 and the first ADC 77. Finally, as illustrated in (D)
of FIG. 44, an analog voltage signal V(143) corresponding
to the 143rd column is converted into a dose signal DDS
(143). Then, the reading of the dose signals DDS(1), DDS
(3), DDS(5), . . ., DDS(143) in the area AR1 ends. This
holds for each MUX 135 and each ADC 77 in the other areas
AR2 to AR16.

[0287] As such, while the image signals DIS(C) corre-
sponding to all columns are read in the image reading
operation, only the dose signals DDS(C) corresponding to
the odd-numbered columns are selectively read in the AED
operation. Therefore, in the AED operation, the number of
digital signals DS(C) that need to be read at the same time
is V2 of that in the image reading operation. In the AED
operation, in a case in which the dose signals DDS(C) whose
number has been reduced by half are read at the same time
as those in the image reading operation that reads the image
signals DIS(C) corresponding to all of the columns, it is
possible to reduce the operation speed of the ADC 77 by a
value corresponding to the reduction in the reading time.

[0288] Specifically, as illustrated in FIG. 45, the number of

pulses NPU_A per unit time in the clock signal of the ADC
77 is NPUN_A which is the normal number of pulses in the
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image reading operation and is NPUL_A that is 2 of
NPUN_A in the AED operation.

[0289] There are two methods for setting the number of
pulses per unit time in the clock signal of the ADC 77 to
NPUL_A that is %2 of NPUN_A in the image reading
operation. FIG. 46 illustrates the first method. (A) of FIG. 46
illustrates a clock signal CLN_A in the image reading
operation and (B) of FIG. 46 illustrates a clock signal
CLL_A in the AED operation.

[0290] In FIG. 46, for the period TC of the clock signal,
the period of the clock signal CLN_A in the image reading
operation is equal to the period of the clock signal CLL_A
in the AED operation. The clock signal CLN_A is continu-
ously generated without intermission, regardless of the
detection channel 95 and the non-detection channel 130. In
contrast, the clock signal CLL_A is generated only in a
portion corresponding to the detection channels 95 that
correspond to the odd-numbered columns and is not gener-
ated in a portion corresponding to the non-detection chan-
nels 130 that correspond to the even-numbered columns.
That is, the generation of the clock signal CLI_A pauses in
the portion.

[0291] In the example in FIG. 46, the unit time T is the
period required to output the digital signals DS(C) corre-
sponding to two adjacent columns. As described above,
since the generation of the clock signal CLI_A pauses in a
portion corresponding to the even-numbered non-detection
channel 130 of the two adjacent columns, the number of
pulses per unit time T is Y2 of that in the clock signal
CLN_A.

[0292] FIG. 47 illustrates the second method for setting
the number of pulses per unit time in the clock signal of the
ADC 77 to NPUL_A that is %2 of NPUN_A in the image
reading operation. Similarly to FIG. 46, (A) of FIG. 47
illustrates a clock signal CLN_A in the image reading
operation and (B) of FIG. 47 illustrates a clock signal
CLL_A in the AED operation. The clock signal CLN_A in
the image reading operation is exactly the same as that in
FIG. 46. In contrast, the pause period illustrated in (B) of
FIG. 46 is not provided in the clock signal CLIL_A in the
AED operation and the period of the clock signal CLL_A is
2TC that is twice as long as the period TC of the clock signal
CLN_A.

[0293] In the example illustrated in FIG. 47, the unit time
T is the period 2TC of the clock signal CLL._A. In the period
2TC, while the number of pulses in the clock signal CLN_A
is two, the number of pulses in the clock signal CLL_A is
one. Therefore, the number of pulses per unit time T in the
clock signal CLN_A is %2 of that in the clock signal CLN_A,
similarly to FIG. 46.

[0294] FIG. 48 is a flowchart illustrating the procedure of
the operation of the electronic cassette according to the
(3-1)-th embodiment. The flowchart differs from the flow-
chart illustrated in FIG. 17 in the (1-1)-th embodiment in
Steps ST1203 and ST1803 surrounded by a one-dot chain
line. Hereinafter, only the difference will be described.
[0295] In Step ST1203, in the AED operation, the analog
voltage signals V(C) from the detection CAs 132 are selec-
tively output to the ADC 77 and the ADC 77 performs only
the AD conversion process for the selectively output analog
voltage signal V(C). Then, the number of pulses per unit
time T in the clock signal of the ADC 77 is reduced to be less
than that in the image reading operation (irradiation start
detection step). In Step ST1803, in the image reading
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operation, the number of pulses per unit time T in the clock
signal of the ADC 77 is set to the normal number of pulses
(NPUN_A) (image reading step).

[0296] As such, since the number of pulses per unit time
T in the clock signal of the ADC 77 in the AED operation
is less than that in the image reading operation, it is possible
to reduce the consumption of power required for driving the
ADC 77 in the AED operation and thus to reduce the power
consumption of the signal processing circuit 51 in the AED
operation. Therefore, similarly to the first and second inven-
tions, the battery 65 lasts longer than that in the related art.
As aresult, the number of times the battery 65 is charged is
reduced and thus it is possible to improve imaging effi-
ciency.

[0297] In FIG. 44, for convenience of explanation, half of
the columns in one area AR are set as the detection channels
95. However, as described in the (1-8)-th embodiment, the
detection channels 95 may be set by any method.

(3-2)-th Embodiment

[0298] FIG. 49 illustrates a (3-2)-th embodiment. In the
(3-1)-th embodiment, the MUX 135 having a function of
selecting the analog voltage signals V(C) from some of a
plurality of connected CAs 60 is used. However, in a case in
which the MUX 135 having the above-mentioned function
is not present as a general-purpose product, it takes a lot of
time and effort to implement the function and it costs to
implement the function. For example, the MUX 76 that has
only the function of sequentially selecting the columns one
by one is modified into the MUX 135 or the MUX 135 with
the above functions is custom-made. Therefore, in the (3-2)-
th embodiment illustrated in FIG. 49, the analog voltage
signals V(C) from some CAs are selectively output to the
ADC 77 while a general MUX 76 is used.

[0299] FIG. 49 illustrates a circuit configuration of the
detection channel 95 in the (3-2)-th embodiment. The detec-
tion channel 95 is divided into a first path 140 that is
connected to the MUX 76 and a second path 141 that is
connected to the ADC 77 without passing through the MUX
76 in a stage behind the CDS 61. The first path 140 is a path
that outputs the analog voltage signal V(C) from the detec-
tion CA 132 to the ADC 77 through the MUX 76. In
contrast, the second path 141 is a path that outputs the analog
voltage signal V(C) to the ADC 77 without passing through
the MUX 76.

[0300] A switch 142 is connected to the detection channel
95, the first path 140, and the second path 141. The control
unit 54 controls the driving of the switch 142 to switch the
path connected to the detection channel 95 between the first
path 140 and the second path 141.

[0301] FIG. 49A illustrates a case in which the AED
operation is performed and FIG. 49B illustrates a case in
which the image reading operation is performed. That is, the
second path 141 is selected by the switch 142 in the AED
operation and the first path 140 is selected by the switch 142
in the image reading operation.

[0302] As such, the detection channel 95 is divided into
the first path 140 that outputs the analog voltage signal V(C)
from the detection CA 132 to the ADC 77 through the MUX
76 and the second path 141 that outputs the analog voltage
signal V(C) from the detection CA 132 to the ADC 77
without passing through the MUX 76. Therefore, in the AED
operation, the switch 142 is controlled such that the second
path 141 is selected. Therefore, it is not necessary to prepare
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the special MUX 135 described in the (3-1)-th embodiment
illustrated in FIG. 44 and it is possible to save time and costs.

[0303] As described above, each embodiment of the third
invention may be combined with each embodiment of the
first invention and the second invention. For example, as in
the second invention, the first invention may be applied such
that the control unit 54 periodically switches the power
supply state of the ADC 77 and the MUX 76 which form the
block BL between the first state and the second state, as
illustrated in FIG. 14 in the (1-1)-th embodiment. The first
state and the second state are defined as described at the end
of the second invention.

[0304] As in the second invention, the switching patterns
of power supply to the ADC 77 and the block BL in the third
invention and the first invention may be combined as
follows. First, in a case in which there are two or more
blocks BL including the MUX 76 and the ADC 77 whose
power supply state is periodically switched as illustrated in,
for example, FIG. 14 of the (1-1)-th embodiment, the control
unit 54 may shift the switching timing of the power supply
state of at least two of the two or more blocks BL.

[0305] In addition, the control unit 54 may shift the
switching timing of the power supply state for each of a
plurality of groups to which two or more blocks BL belong,
as illustrated in, for example, FIG. 14 of the (1-1)-th
embodiment. In this case, it is preferable that at least one
block BL is disposed between two blocks BL belonging to
the same group. Alternatively, as illustrated in, for example,
FIG. 18 of the (1-2)-th embodiment, the switching timing of
the power supply state of all of the two or more blocks BL,
may be shifted.

[0306] For example, as illustrated in FIG. 21 of the
(1-5)-th embodiment, in a case in which there are a plurality
of'blocks BL including the MUX 76 to which some CAs are
not connected, control may be performed such that at least
one of the blocks BL is always in the second state.

[0307] Asinthe (1-12)-th embodiment illustrated in FIGS.
35 to 37, leak charge correction and temperature drift
correction may be performed for the dose signal DDS(C).

[0308] For example, in a case in which the (1-12)-th
embodiment illustrated in FIGS. 35 to 37 is applied to the
configuration of the (3-1)-th embodiment illustrated in FIG.
44, some CAs that selectively output the analog voltage
signal V(C) to the ADC 77 are the detection CA 132
connected to the detection channel 95 illustrated in FIG. 44
and the CA 60 connected to the reference channel 120
illustrated in FIG. 37. That is, in the (3-1)-th and (3-2)-th
embodiments, only the detection CA 132 has described as
some CAs that selectively output the analog voltage signal
V(C) to the ADC 77. However, the invention is not limited
thereto. The CA 60 connected to the reference channel 120
is also included.

[0309] In addition, the (1-8)-th embodiment illustrated in
FIGS. 25 to 27 in which the detection channel 95 that is the
signal line 42 to which the detection pixel 90 used for the
AED operation is connected is set, the (1-9)-th embodiment
illustrated in FIGS. 28 to 31 in which the detection pixel 90X
used only for the AED operation is provided, the (1-10)-th
embodiment illustrated in FIG. 32 in which the setting of the
detection pixel 90 can be changed, the (1-11)-th embodiment
illustrated in FIGS. 33 and 34 in which the operation of the
CDS 61 in the AED operation is simplified, and the (1-13)-th
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embodiment illustrated in FIG. 38 in which the digital signal
transmission I/F is switched may be combined with each
other.

[0310] Further, the (2-1)-th to (2-3)-th embodiments of the
second invention illustrated in FIGS. 39 to 43 may be
applied to change at least one of the non-selected CAs other
than some CAs that selectively output the analog voltage
signal V(C) to the ADC 77 to the power saving state in
which power supplied to the non-selected CAs in the AED
operation is lower than normal power in the image reading
operation.

[0311] Here, the non-selected CA is the non-detection CA
131 in a case in which the (1-12)-th embodiment illustrated
in FIGS. 35 to 37 is not applied and is the non-detection CA
131 other than the CA 60 connected to the reference channel
120 in a case in which the (1-12)-th embodiment is applied.

[0312] In a case in which the (2-3)-th embodiment is
applied, not only the non-detection CA 131 but also at least
one of the detection CAs 132 (including the CA 60 con-
nected to the reference channel 120 in a case in which the
(1-12)-th embodiment is applied) is driven in a low power
state in which power lower than the normal power PN_C and
is greater than O is supplied. Therefore, it is possible to
further reduce the power consumption of the signal process-
ing circuit 51 in the AED operation.

4. Fourth Invention

[0313] An object of a fourth invention illustrated in FIGS.
50 to 58 which will be described below is to solve the
problems occurring in a case in which the AED operation is
performed while the power supply state of a plurality of
ADCs 77 and a plurality of blocks BL.1 to BL.16 according
to the first invention is switched. In the fourth invention, the
control unit 54 switches each of the plurality of blocks BL.1
to BL16 from the second state to the first state a predeter-
mined time, which is required to stably operate, for example,
the ADC 77 forming the block BL, before the start timing of
charge reading in the AED operation.

[0314] In the fourth invention, similarly to the second and
third inventions, for example, the X-ray imaging system 10
and the electronic cassette 16 have the same basic configu-
ration as those in the first invention. In addition, the patterns
described in the (1-1)-th to (1-7)-th embodiments can be
applied to the switching pattern of the power supply state of
the ADC 77. Further, the fourth invention may be combined
with other embodiments (the (1-8)-th to (1-13)-th embodi-
ments) of the first invention, the (2-1)-th to (2-3)-th embodi-
ments of the second invention, and the (3-1)-th and (3-2)-th
embodiments of the third invention. Hereinafter, the same
components as those in the first to third inventions are
denoted by the same reference numerals and the description
thereof will not be repeated. The difference from the first to
third inventions will be mainly described.

(4-1)-th Embodiment

[0315] FIGS. 50 and 51 illustrate a (4-1)-th embodiment.
In the (4-1)-th embodiment, similarly to the (2-1)-th and
(3-1)-th embodiments, for example, a configuration includ-
ing the detection pixel 90X1 illustrated in FIG. 29 or the
detection pixel 90X2 illustrated in FIG. 30 in the (1-9)-th
embodiment will be described. However, the configuration
is not limited thereto.
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[0316] FIG. 50 illustrates the power supply state of a
certain block BL. A hatched portion is the period for which
charge that is the source of the dose signal DDS(C) is read.
Specifically, for the period, a series of operations in which
the CA 60 reads charge through the signal line 42, the MUX
76 sequentially selects the CA 60 and outputs the analog
voltage signal V(C) based on the charge to the ADC 77, and
the ADC 77 converts the analog voltage signal V(C) into the
dose signal DDS(C) and outputs the dose signal DDS(C) is
performed.

[0317] Here, the operation of the block BL becomes
unstable due to, for example, the influence of temperature
drift immediately after the block BL is switched from the
non-operating state which is the second state to the operating
state which is the first state. The reliability of the dose signal
DDS(C) output while the operation is unstable is signifi-
cantly reduced. Therefore, there is a concern that the reli-
ability of the determination of whether the emission of
X-rays has been started will not be maintained.

[0318] FIG. 50A illustrates an example in which the
reading of charge starts immediately after the block BL is
switched from the non-operating state to the operating state.
As such, in a case in which there is not enough time between
the switching of the block BL from the non-operating state
to the operating state and the timing when the reading of
charge starts, the risk that the start of the emission of X-rays
will be erroneously determined increases according to the
dose signal DDS(C) output while the operation of the block
BL is unstable.

[0319] Therefore, as illustrated in FIG. 50B, the block BL
is switched from the non-operating state to the operating
state a time TW before the timing when the reading of
charge starts. The time TW is the time required to stably
operate the block BL.

[0320] FIG. 51 is a flowchart illustrating the procedure of
the operation of the electronic cassette according to the
(4-1)-th embodiment. The flowchart differs from the flow-
chart illustrated in FIG. 17 of the (1-1)-th embodiment in
Steps ST1204 and ST1804 surrounded by a one-dot chain
line. Hereinafter, only the difference will be described.

[0321] In Step ST1204, in the AED operation, the control
unit 54 switches the power supply state of the block BL.
Then, the block BL is switched from the non-operating state
to the operating state the time TW before the timing when
the reading of charge starts (irradiation start detection step).
Further, in Step ST1804, in the image reading operation, all
of the blocks BL are switched to the operating state (image
reading step).

[0322] Then, as illustrated in FIG. 50A, the dose signal
DDS(C) is not output while the operation of the block BL is
unstable and it is possible to reduce the concern that the start
of the emission of X-rays will be erroneously determined.

[0323] There are three variations illustrated in FIGS. 52 to
54 in the period for which charge is read. The period is
hatched in FIGS. 52 to 54. FIGS. 52 to 54 illustrate the block
BL1 that is in charge of the area AR1 corresponding to the
first to 144th columns, similarly to FIGS. 9 and 44.

[0324] First, FIG. 52 illustrates a case in which all of the
signal lines 42 in the area AR1 that the blocks BL1 is in
charge of are the detection channels 95, as represented by
alphabets DT (see F1G. 44). In this case, the period for which
charge is read is the period for which the dose signals
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DDS(1) to DDS(144) based on the analog voltage signals
V(1) to V(144) from the detection CAs 132 of the detection
channels 95 are output.

[0325] FIG. 53 illustrates a case in which the odd-num-
bered columns are the detection channels 95 and the MUX
is not the MUX 135 having a function of selecting the analog
voltage signals V(C) from the detection CAs 132 of the
detection channels 95, but is the general MUX 76 having
only the function of sequentially selecting the columns one
by one, similarly to the (3-1)-th embodiment illustrated in
FIG. 44. In this case, the period for which charge is read is
the period for which the dose signals DDS(1), DDS(3),
DDS(5), . .., DDS(144) based on the analog voltage signals
V(1), V(3), V(5), . . ., V(143) from the detection CAs 132
of the detection channels 95 corresponding to the odd-
numbered columns are output. That is, in this case, the
period for which charge is read is intermittent.

[0326] FIG. 54 illustrates a case in which the odd-num-
bered columns are the detection channels 95 as in FIG. 52
and the MUX is not the MUX 76, but is the MUX 135. In
this case, the period for which charge is read is the sum of
the periods for which the dose signals DDS(1), DDS(3),
DDS(5), . .., DDS(144) based on the analog voltage signals
V(1), V(3), V(5), . . ., V(143) from the detection CAs 132
of the detection channels 95 corresponding to the odd-
numbered columns are output. Since the period for which
charge is read is not intermittent unlike FIG. 53, the simple
appearance is the same as that in FIG. 52. However, while
the MUX 76 sequentially selects the analog voltage signals
V(C) corresponding to the columns one by one in FIG. 52,
the MUX 135 selects the analog voltage signal V(C) for
every other column in FIG. 54.

(4-2)-th Embodiment

[0327] FIGS. 55 to 57 illustrate a (4-2)-th embodiment. In
the (4-1)-th embodiment, the timing when the block BL is
switched from the non-operating state to the operating state
with respect to the timing when the reading of charge starts
is defined. However, in the (4-2)-th embodiment, the timing
when the block BL is switched from the operating state to
the non-operating state is defined.

[0328] In a case in which a certain block BL is switched
from the operating state to the non-operating state and
charge is being read in another block BL, there is a concern
that, for example, switching noise generated by the switch-
ing of the block BL from the operating state to the non-
operating state will be mixed with charge in another block
BL. Therefore, in the (4-2)-th embodiment, a certain block
BL is switched from the operating state to the non-operating
state at a timing that does not overlap the timing when
charge is read in another block BL.

[0329] FIGS. 55 to 57 illustrate a case in which the power
supply state of each of the blocks BL.1 to BL.16 (the block
BL5 and the subsequent blocks are not illustrated) is peri-
odically switched and the timing when the power supply
state of each of the blocks BL1 to BL16 is switched is
shifted, similarly to FIG. 14 of the (1-1)-th embodiment or
FIG. 18 of the (1-2)-th embodiment. FIGS. 55 and 56
illustrate a case in which the period for which charge is read
is a variation of FIG. 52 or FIG. 54 and FIG. 57 illustrates
a case in which the period for which charge is read is a
variation of FIG. 53.

[0330] FIG. 55 illustrates an example in which each of the
blocks BL1 to BL.16 is switched from the operating state to
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the non-operating state at the timing before reading of
charge from the detection CAs 132 in each of the blocks BL.1
to BL16 starts, specifically, for the time TW, as represented
by a dashed arrow. Specifically, in FIG. 55, the control unit
54 switches the block BL1 from the operating state to the
non-operating state while the block BL2 is operating and
switches the block BL2 from the operating state to the
non-operating state while the block BL3 is operating. In
addition, the control unit 54 switches the block BL3 from the
operating state to the non-operating state while the block
BLA4 is operating.

[0331] FIG. 56 illustrates an example in which each of the
blocks BL1 to BL16 is switched from the operating state to
the non-operating state at the timing after the reading of
charge from the detection CAs 132 in each of the blocks BL.1
to BL16 ends. Specifically, in FIG. 56, the control unit 54
switches the block BL1 from the operating state to the
non-operating state after the reading of charge in the block
BL2 ends and switches the block BL.2 from the operating
state to the non-operating state after the reading of charge in
the block BL3 ends. In addition, the control unit 54 switches
the block BL3 from the operating state to the non-operating
state after the reading of charge in the block BL4 ends.
[0332] FIG. 57 illustrates an example in which each of the
blocks BL1 to BL16 is switched from the operating state to
the non-operating state between the intermittent periods for
which charge is read in the blocks BL.1 to BL16. Specifi-
cally, in FIG. 57, the control unit 54 switches the block BL.1
from the operating state to the non-operating state between
the intermittent periods for which charge is read in the block
BL2 and switches the block BL.2 from the operating state to
the non-operating state between the intermittent periods for
which charge is read in the block BL.3. Then, the control unit
54 switches the block BL3 from the operating state to the
non-operating state between the intermittent periods for
which charge is read in the block BL4.

[0333] As such, in a case in which the block BL is
switched from the operating state to the non-operating state
at a timing that does not overlap the timing when charge is
read in another block BL, there is no concern that, for
example, switching noise generated by the switching of the
block BL from the operating state to the non-operating state
will be mixed with charge in another block BL.

[0334] Among the examples illustrated in FIGS. 55 to 57,
the example illustrated in FIG. 55 in which each of the
blocks BL1 to BL16 is switched from the operating state to
the non-operating state before the reading of charge in each
of'the blocks BL.1 to BL16 starts is most preferable in terms
of power saving.

(4-3)-th Embodiment

[0335] FIG. 58 illustrates a (4-3)-th embodiment. As illus-
trated in FIG. 35 of the (1-12)-th embodiment, in a case in
which the power supply state of each block BL is switched
in the AED operation, the temperature distribution in the
block BL is biased. In a case in which the bias of the
temperature distribution is not removed until the image
reading operation for obtaining the X-ray image provided
for diagnosis, a temperature drift occurs in the image signal
DIS(C) and the quality of the X-ray image is degraded.
Therefore, in the (4-3)-th embodiment, the control unit 54
switches all of the blocks BL to the operating state until the
image reading operation starts after the start of the emission
of X-rays is detected in the AED operation.
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[0336] In FIG. 58, all of the blocks BL1 to BL16 are
switched to the operating state at the timing when the start
of the emission of X-rays is detected in the AED operation.
Specifically, in FIG. 58, the control unit 54 switches the
blocks BL (blocks BL3, BL4, BL7, BL8, BL11, BL12,
BL15, and BL16) in the non-operating state in a case in
which the start of the emission of X-rays is detected to the
operating state. In contrast, the control unit 54 maintains the
blocks BL (for example, the blocks BL.1 and BL.2 other than
the above) in the operating state in a case in which the start
of the emission of X-rays is detected in the operating state.
[0337] InFIG. 58, since all of the blocks BL1 to BL.16 are
switched to the operating state at the timing when the start
of the emission of X-rays is detected in the AED operation,
all of the blocks BL1 to BL16 are switched to the operating
state for a reading period TX of the dose signal DDS(C)
where one cycle of the switching of all of the blocks BL1 to
BL16 ends after the start of the emission of X-rays is
detected.

[0338] As such, since all of the blocks BL are switched to
the operating state until the image reading operation starts
after the start of the emission of X-rays is detected in the
AED operation, it is highly possible that the bias of the
temperature distribution in the block BL caused by the
switching of the power supply state of each block BL in the
AED operation has been removed in the image reading
operation. Therefore, a temperature drift does not occur in
the image signal DIS(C) due to the bias of the temperature
distribution in the block BL and it is possible to obtain a
high-quality X-ray image.

[0339] In addition, since all of the blocks BL.1 to BL.16 are
switched to the operating state for the reading period TX of
the dose signal DDS(C) where one cycle of the switching of
all of the blocks BL1 to BL16 ends after the start of the
emission of X-rays is detected, it is possible to secure the
time sufficient to remove the bias of the temperature distri-
bution in the block BL until the image reading operation
starts.

[0340] Further, all of the blocks BL.1 to BL16 may be
switched to the operating state at any timing of the period
from the detection of the start of the emission of X-rays in
the AED operation to the start of the image reading opera-
tion. However, it is preferable that all of the blocks BL1 to
BL16 are switched to the operating state at the timing when
the start of the emission of X-rays is detected in the AED
operation as illustrated in FIG. 58, in order to reliably
remove the bias of the temperature distribution in the block
BL. The operating state, the non-operating state, the first
state, and the second state are defined as described at the end
of the second invention.

[0341] The time TW required to stably operate the block
BL may be substantially equal to or longer than the time
required to prepare for the operation of the CA 60, the CDS
61, the MUX 76, and the ADC 77 forming the block BL.. The
fourth invention also includes the case in which the time TW
required to stably operate the block BL is substantially equal
to the time required to prepare for the operation of the CA
60, the CDS 61, the MUX 76, and the ADC 77 forming the
block BL. That is, the fourth invention also includes a case
in which the reading of charge starts immediately after the
CA 60, the CDS 61, the MUX 76, and the ADC 77 forming
the block BL are ready for operation.

[0342] In addition, power supplied to each component of
the block BL for the time TW may be changed depending on
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the temperature of the block BL. For example, in a case in
which the temperature of the block BL before the time TW
is significantly lower than a target temperature, the control
unit 54 supplies relatively high power to each component of
the block BL such that the temperature reaches the target
temperature in a short time. In contrast, in a case in which
the temperature of the block BL before the time TW is lower
than the target temperature, but is relatively close to the
target temperature and relatively high power is supplied to
each component of the block BL, there is a concern that the
temperature will exceed the target temperature. Therefore,
the control unit 54 operates each component of the block BL,
with relatively low power.

[0343] As described above, each embodiment of the fourth
invention may be combined with each embodiment of the
first invention, the second invention, and the third invention.
For example, as in the second and third inventions, the first
invention may be applied such that the control unit 54
periodically switches the power supply state of the ADC 77
and the MUX 76 which form the block BL. between the first
state and the second state, as illustrated in FIG. 14 in the
(1-1)-th embodiment.

[0344] As in the second and third inventions, the switch-
ing patterns of power supply to the ADC 77 and the block
BL in the fourth invention and the first invention may be
combined as follows. First, in a case in which there are two
or more blocks BL including the MUX 76 and the ADC 77
whose power supply state is periodically switched as illus-
trated in, for example, FIG. 14 of the (1-1)-th embodiment,
the control unit 54 may shift the switching timing of the
power supply state of at least two of the two or more blocks
BL.

[0345] In addition, the control unit 54 may shift the
switching timing of the power supply state for each of a
plurality of groups to which two or more blocks BL belong,
as illustrated in, for example, FIG. 14 of the (1-1)-th
embodiment. In this case, it is preferable that at least one
block BL is disposed between two blocks BL belonging to
the same group. Alternatively, as illustrated in, for example,
FIG. 18 of the (1-2)-th embodiment, the switching timing of
the power supply state of all of the two or more blocks BL,
may be shifted.

[0346] As illustrated in, for example, FIG. 21 of the
(1-5)-th embodiment, in a case in which there are a plurality
of blocks BL including the MUX 76 to which only the
non-detection CA 131 is connected, at least one of the
plurality of blocks BL. may be always in the second state.

[0347] Asinthe (1-12)-th embodiment illustrated in FIGS.
35 to 37, leak charge correction and temperature drift
correction may be performed for the dose signal DDS(C).

[0348] In addition, the (1-8)-th embodiment illustrated in
FIGS. 25 to 27 in which the detection channel 95 that is the
signal line 42 to which the detection pixel 90 used for the
AED operation is connected is set, the (1-9)-th embodiment
illustrated in FIGS. 28 to 31 in which the detection pixel 90X
used only for the AED operation is provided, the (1-10)-th
embodiment illustrated in FIG. 32 in which the setting of the
detection pixel 90 can be changed, the (1-11)-th embodiment
illustrated in FIGS. 33 and 34 in which the operation of the
CDS 61 in the AED operation is simplified, and the (1-13)-th
embodiment illustrated in FIG. 38 in which the digital signal
transmission I/F is switched may be combined with each
other.



US 2020/0129138 Al

[0349] Further, the (2-1)-th to (2-3)-th embodiments of the
second invention illustrated in FIGS. 39 to 43 may be
applied to change at least one of the non-selected CAs other
than some CAs that selectively output the analog voltage
signal V(C) to the ADC 77 to the power saving state in
which power supplied to the non-selected CAs in the AED
operation is lower than normal power in the image reading
operation.

[0350] In addition, the (3-1)-th and (3-2)-th embodiments
illustrated in FIGS. 44 to 49 in which the number of pulses
per unit time in the clock signal of the ADC 77 is less than
that in the image reading operation may be applied.

5. Fifth Invention

[0351] In a fifth invention illustrated in FIGS. 59 and 60
which will be described below, the control unit 54 reduces
the power supplied to the CA 60 in the AED operation to be
lower than that in the image reading operation. In the second
invention, at least one of the non-detection CAs 131 is
changed to the power saving state in which power supplied
to the non-detection CA in the AED operation is lower than
the normal power in the image reading operation. However,
the fifth invention differs from the second invention in that
power supplied to the CAs 60 in the AED operation is lower
than that in the image reading operation, without distin-
guishing between the detection CA 132 and the non-detec-
tion CA 131.

[0352] In the fifth invention, similarly to the second to
fourth inventions, for example, the X-ray imaging system 10
and the electronic cassette 16 have the same basic configu-
ration as those in the first invention. Hereinafter, the same
components as those in the first to fourth inventions are
denoted by the same reference numerals and the description
thereof will not be repeated. The difference from the first to
fourth inventions will be mainly described.

[0353] Asillustrated in FIG. 59, the control unit 54 sets the
power P_C supplied to all of the CAs 60 in the image
reading operation to normal power PN_C and sets the power
P_C supplied to all of the CAs 60 in the AED operation to
PL_C that is lower than PN_C.

[0354] FIG. 60 is a flowchart illustrating the procedure of
the operation of the electronic cassette according to the fifth
invention. The flowchart differs from the flowchart illus-
trated in FIG. 17 of the (1-1)-th embodiment in Steps
ST1205 and ST1805 surrounded by a one-dot chain line.
Hereinafter, only the difference will be described.

[0355] In Step ST1205, in the AED operation, all of the
CAs 60 are driven with the low supply power PL_C. In
contrast, in the image reading operation of Step ST1805, all
of the CAs 60 are driven with the normal power PN_C.
[0356] As such, since the power supplied to the CA 60 in
the AED operation is lower than that in the image reading
operation, it is possible to reduce the power consumption of
the signal processing circuit 51 in the AED operation.
Therefore, as in the first to third inventions, the battery 65
lasts longer than that in the related art. As a result, the
number of times the battery 65 is charged is reduced and thus
it is possible to improve imaging efficiency.

[0357] It is possible to understand a radiographic image
detection device described in the following Supplementary
Note 1 and a method for operating a radiographic image
detection device described in the following Supplementary
Note 2 from the above description.

[0358] [Supplementary Note 1]
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[0359] There is provided a radiographic image detection
device comprising: a sensor panel in which pixels that are
sensitive to radiation which has been emitted from a radia-
tion generation apparatus and transmitted through a subject
and accumulate charge are two-dimensionally arranged and
aplurality of signal lines for reading the charge are arranged;
a signal processing circuit that reads an analog voltage
signal corresponding to the charge from the pixel through
the signal line to perform signal processing; a plurality of
charge amplifiers which are included in the signal process-
ing circuit and each of which is provided for each signal line,
is connected to one end of the signal line, and converts the
charge from the pixel into the analog voltage signal; a
multiplexer that is included in the signal processing circuit,
has a plurality of input terminals to which the plurality of
charge amplifiers are connected, sequentially selects the
analog voltage signals from the plurality of charge ampli-
fiers, and outputs the selected analog voltage signal; an AD
converter that is included in the signal processing circuit, is
connected to a stage behind the multiplexer, and perform an
AD conversion process of converting the analog voltage
signal output from the multiplexer into a digital signal
corresponding to a voltage value; and a control unit that
controls the signal processing circuit such that an irradiation
start detection operation and an image reading operation are
performed. The irradiation start detection operation reads
the charge from the pixel through the signal line from before
start of the emission of the radiation and detects the start of
the emission of the radiation on the basis of the digital signal
corresponding to the read charge. The image reading opera-
tion reads the charge from the pixel through the signal line
after a pixel charge accumulation period for which the
charge is accumulated in the pixel elapses from the start of
the emission of the radiation and outputs a radiographic
image which is indicated by the digital signal corresponding
to the read charge and is provided for diagnosis. The control
unit reduces power supplied to all of the charge amplifiers in
the irradiation start detection operation to be lower than that
in the image reading operation.

[0360]

[0361] There is provided a method for operating a radio-
graphic image detection device comprising a sensor panel in
which pixels that are sensitive to radiation which has been
emitted from a radiation generation apparatus and transmit-
ted through a subject and accumulate charge are two-
dimensionally arranged and a plurality of signal lines for
reading the charge are arranged, a signal processing circuit
that reads an analog voltage signal corresponding to the
charge from the pixel through the signal line to perform
signal processing, a plurality of charge amplifiers which are
included in the signal processing circuit and each of which
is provided for each signal line, is connected to one end of
the signal line, and converts the charge from the pixel into
the analog voltage signal, a multiplexer that is included in
the signal processing circuit, has a plurality of input termi-
nals to which the plurality of charge amplifiers are con-
nected, sequentially selects the analog voltage signals from
the plurality of charge amplifiers, and outputs the selected
analog voltage signal, an AD converter that is included in the
signal processing circuit, is connected to a stage behind the
multiplexer, and perform an AD conversion process of
converting the analog voltage signal output from the mul-
tiplexer into a digital signal corresponding to a voltage
value, and a control unit that controls the signal processing

[Supplementary Note 2]



US 2020/0129138 Al

circuit. The method comprises: an irradiation start detection
step of performing an irradiation start detection operation
that reads the charge from the pixel through the signal line
from before start of the emission of the radiation and detects
the start of the emission of the radiation on the basis of the
digital signal corresponding to the read charge; and an image
reading step of performing an image reading operation that
reads the charge from the pixel through the signal line after
a pixel charge accumulation period for which the charge is
accumulated in the pixel elapses from the start of the
emission of the radiation and outputs a radiographic image
which is indicated by the digital signal corresponding to the
read charge and is provided for diagnosis. Power supplied to
all of the charge amplifiers in the irradiation start detection
step is lower than that in the image reading operation.
[0362] The irradiation start detection step and the image
reading step described in Supplementary Note 2 correspond
to Step ST1205 and Step ST1805 illustrated in FIG. 60,
respectively.

6. Sixth Invention

[0363] In a sixth invention illustrated in FIGS. 61 and 62
which will be described below, the control unit 54 reduces
the number of pulses per unit time in the clock signal of the
ADC 77 in the AED operation to be less than that in the
image reading operation. In the third invention, the number
of pulses per unit time in the clock signal of the ADC 77 in
the AED operation is reduced to be less than that in the
image reading operation by selectively outputting the analog
voltage signals V(C) from some CAs including the detection
CA 132 to the ADC 77 and causing the ADC 77 to perform
only the AD conversion process for the selectively output
analog voltage signals V(C). In contrast, the sixth invention
differs from the third invention in that the number of pulses
per unit time in the clock signal of the ADC 77 in the AED
operation is reduced to be less than that in the image reading
operation by causing the ADC 77 to perform the AD
conversion process for the analog voltage signals V(C) from
all of the CAs 60, without distinguishing between the
detection CA 132 and the non-detection CA 131, as in the
image reading operation.

[0364] In the sixth invention, similarly to the second to
fifth inventions, for example, the X-ray imaging system 10
and the electronic cassette 16 have the same basic configu-
ration as those in the first invention. Hereinafter, the same
components as those in the first to fifth inventions are
denoted by the same reference numerals and the description
thereof will not be repeated. The difference from the first to
fourth inventions will be mainly described.

[0365] Asillustrated in FIG. 61, the control unit 54 sets the
number of pulses NPU_A per unit time in the clock signals
of all of the ADCs 77 to NPUN_A which is the normal
number of pulses in the image reading operation and sets the
number of pulses NPU_A to NPUL_A that is 12 of NPUN_A
in the AED operation.

[0366] FIG. 62 is a flowchart illustrating the procedure of
the operation of the electronic cassette according to the sixth
invention. The flowchart differs from the flowchart illus-
trated in FIG. 17 of the (1-1)-th embodiment in Steps
ST1206 and ST1806 surrounded by a one-dot chain line.
Hereinafter, only the difference will be described.

[0367] In Step ST1206, in the AED operation, the clock
signal in which the number of pulses NPUL_A is ¥ of the
normal number of pulses NPUN_A is applied to all of the
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ADCs 77. In contrast, in the image reading operation of Step
ST1806, the normal clock signal with the number of pulses
NPUN_A is applied to all of the ADCs 77.

[0368] As such, since the number of pulses per unit time
in the clock signal of the ADC 77 in the AED operation is
less than that in the image reading operation, it is possible
to reduce the power consumption of the signal processing
circuit 51 in the AED operation. Therefore, as in the first to
third inventions and the fifth invention, the battery 65 lasts
longer than that in the related art. As a result, the number of
times the battery 65 is charged is reduced and thus it is
possible to improve imaging efficiency.

[0369] It is possible to understand a radiographic image
detection device described in the following Supplementary
Note 3 and a method for operating a radiographic image
detection device described in the following Supplementary
Note 4 from the above description.

[0370] [Supplementary Note 3]

[0371] There is provided a radiographic image detection
device comprising: a sensor panel in which pixels that are
sensitive to radiation which has been emitted from a radia-
tion generation apparatus and transmitted through a subject
and accumulate charge are two-dimensionally arranged and
aplurality of signal lines for reading the charge are arranged;
a signal processing circuit that reads an analog voltage
signal corresponding to the charge from the pixel through
the signal line to perform signal processing; a plurality of
AD converters that are included in the signal processing
circuit, perform an AD conversion process of converting the
analog voltage signal into a digital signal corresponding to
a voltage value, and share the AD conversion process
performed for each of the signal lines; and a control unit that
controls the signal processing circuit such that an irradiation
start detection operation and an image reading operation are
performed. The irradiation start detection operation reads
the charge from the pixel through the signal line from before
start of the emission of the radiation and detects the start of
the emission of the radiation on the basis of the digital signal
corresponding to the read charge. The image reading opera-
tion reads the charge from the pixel through the signal line
after a pixel charge accumulation period for which the
charge is accumulated in the pixel elapses from the start of
the emission of the radiation and outputs a radiographic
image which is indicated by the digital signal corresponding
to the read charge and is provided for diagnosis. In the
irradiation start detection operation, for all of the AD con-
verters, the control unit reduces the number of pulses per
unit time in a clock signal which defines the operation timing
of'the AD converter to be less than that in the image reading
operation.

[0372] [Supplementary Note 4]

[0373] There is provided a method for operating a radio-
graphic image detection device comprising a sensor panel in
which pixels that are sensitive to radiation which has been
emitted from a radiation generation apparatus and transmit-
ted through a subject and accumulate charge are two-
dimensionally arranged and a plurality of signal lines for
reading the charge are arranged, a signal processing circuit
that reads an analog voltage signal corresponding to the
charge from the pixel through the signal line to perform
signal processing, a plurality of AD converters that are
included in the signal processing circuit, perform an AD
conversion process of converting the analog voltage signal
into a digital signal corresponding to a voltage value, and
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share the AD conversion process performed for each of the
signal lines, and a control unit that controls the signal
processing circuit. The method comprises: an irradiation
start detection step of performing an irradiation start detec-
tion operation that reads the charge from the pixel through
the signal line from before start of the emission of the
radiation and detects the start of the emission of the radiation
on the basis of the digital signal corresponding to the read
charge; and an image reading step of performing an image
reading operation that reads the charge from the pixel
through the signal line after a pixel charge accumulation
period for which the charge is accumulated in the pixel
elapses from the start of the emission of the radiation and
outputs a radiographic image which is indicated by the
digital signal corresponding to the read charge and is pro-
vided for diagnosis. In the irradiation start detection step, for
all of the AD converters, the number of pulses per unit time
in a clock signal which defines the operation timing of the
AD converter is less than that in the image reading opera-
tion.

[0374] The irradiation start detection step and the image
reading step described in Supplementary Note 4 correspond
to Step ST1206 and Step ST1806 illustrated in FIG. 62,
respectively.

7. Seventh Invention

[0375] A seventh invention illustrated in FIGS. 63 and 64
which will be described below is a modification example of
the circuit configuration. In the seventh invention, similarly
to the second to sixth inventions, for example, the X-ray
imaging system 10 and the electronic cassette 16 have the
same basic configuration as those in the first invention.
Hereinafter, the same components as those in the first to
sixth inventions are denoted by the same reference numerals
and the description thereof will not be repeated. The differ-
ence from the first to fourth inventions will be mainly
described.

[0376] FIGS. 63 and 64 illustrate the circuit configuration
of one block BL and the periphery thereof in the seventh
invention. In the block BL, the detection channel 95 and the
non-detection channel 130 are mixed as in the (2-1)-th
embodiment illustrated in FIG. 39. As in the (3-2)-th
embodiment illustrated in FIG. 49, the detection channel 95
is divided into the first path 140 and the second path 141 in
a stage behind the CDS 61 and the switch 142 is connected
to the detection channel 95. The switch 142 switches the
path connected to the detection channel 95 to the first path
140 or the second path 141 in response to a driving control
signal S_MUX input from the control unit 54.

[0377] Each of the detection channel 95 and the non-
detection channel 130 is divided into a first path 200 and a
second path 201 in a stage before the detection CA 132 and
the non-detection CA 131. The first paths 200 are connected
to the detection CA 132 and the non-detection CA 131. The
second paths 201 are connected to the CDSs 61 without
passing through the detection CA 132 and the non-detection
CA 131, respectively. The first paths 200 are for inputting
charge to the detection CA 132 and the non-detection CA
131. The second paths 201 are for outputting charge to the
MUX 76 without passing through the detection CA 132 and
the non-detection CA 131.

[0378] A switch 202 is connected to the detection channel
95 or the non-detection channel 130, the first path 200, and
the second path 201. The switch 202 switches the path
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connected to the detection channel 95 or the non-detection
channel 130 to the first path 200 or the second path 201 in
response to a driving control signal S_CA input from the
control unit 54.

[0379] Similarly, each of the detection channel 95 and the
non-detection channel 130 is divided into a first path 203 and
a second path 204 in the stage before the CDS 61 and a
switch 205 is connected to each of the detection channel 95
and the non-detection channel 130. The switch 205 switches
the path connected to the detection channel 95 or the
non-detection channel 130 to the first path 203 or the second
path 204 in response to a driving control signal S_CDS input
from the control unit 54.

[0380] A bias power supply 207 is connected to the
detection channel 95 and the non-detection channel 130
through switches 206. The switch 206 is turned on and off
in response to a driving control signal S_BIAS input from
the control unit 54.

[0381] The control unit 54 outputs the driving control
signals S_MUX, S_CA, and S_CDS to the switches 142,
202, and 205 of the channels 95 and 130 (each signal line
42), respectively. Therefore, the control unit 54 can indi-
vidually control the driving of each of the switches 142, 202,
205. For example, the control unit 54 controls the switches
202 and 205 of the detection channel 95 such that they are
connected to the first paths 200 and 203 and controls the
switches 202 and 205 of the non-detection channel 130 such
that they are connected to the second paths 201 and 204.
Similarly, for example, the control unit 54 can individually
output the driving control signal S_BIAS to the switches 206
such that the detection channel 95 is turned off and the
non-detection channel 130 is turned on.

[0382] FIG. 63 illustrates a case in which the image
reading operation is performed. That is, the first paths 140,
200, and 203 in each of the channels 95 and 130 are selected
by the switches 142, 202, and 205, respectively. In addition,
each switch 206 is in an off state.

[0383] In contrast, in the AED operation, for example, the
state illustrated in FIG. 64 is obtained. That is, in the
detection channel 95, the second path 141 is selected by the
switch 142 and the first paths 200 and 203 are selected by the
switches 202 and 205, respectively. The switch 206 is still in
the off state. This state is the same as that illustrated in FIG.
49A of the (3-2)-th embodiment. Therefore, as described in
the (3-2)-th embodiment, the analog voltage signal V(C)
from the detection CA 132 is directly output to the ADC 77
without passing through the MUX 76.

[0384] In contrast, in the non-detection channel 130, the
second paths 201 and 204 are selected by the switches 202
and 205, respectively. In addition, the switch 206 is in an on
state. In this case, the charge of the non-detection channel
130 is directly output to the MUX 76 without passing
through the non-detection CA 131 and the CDS 61. A bias
voltage is applied from the bias power supply 207 to the
non-detection channel 130 through the switch 206.

[0385] In this case, the non-detection CA 131 is in a
power-off state in which the supply power PL._C is 0, as in
the (2-2)-th embodiment illustrated in FIG. 41. The CDS 61
of the non-detection channel 130 is also in the power-off
state.

[0386] In a case in which the non-detection CA 131 is in
the power-off state, as described in the (2-2)-th embodiment,
the virtual short state between two input terminals of the
non-detection CA 131 is not maintained and the potential of



US 2020/0129138 Al

the input stage of the non-detection CA 131 becomes
indefinite. Then, the charge of the non-detection channel 130
also becomes unstable, which has a bad influence on the
image reading operation later. Therefore, in the seventh
invention, the switch 206 is turned on to apply the bias
voltage from the bias power supply 207 to the non-detection
channel 130. Then, it is possible to solve the problem that
the charge of the non-detection channel 130 becomes
unstable, which has a bad influence on the image reading
operation later.

[0387] In addition, the non-detection CA 131 may not be
in the power-off state, but the supply power PL_C that does
not cause the potential of the input stage to be indefinite may
be supplied to change the non-detection CA 131 to the low
power state as in the (2-1)-th embodiment.

[0388] As in the (2-3)-th embodiment illustrated in FIG.
43, in addition to the non-detection CA 131, the detection
CA 132 may be driven in the low power state in which power
lower than the normal power PN_C and is greater than O is
supplied. However, in this case, as illustrated in FIG. 64, in
the AED operation, in the detection channel 95, the second
path 141 is selected by the switch 142, the first paths 200 and
203 are selected by the switches 202 and 205, respectively,
and the switch 206 is turned off.

[0389] In a case in which the detection CA 132 is driven
in the low power state, the detection performance of the
detection CA 132 is degraded. As a result, there is a concern
that the S/N ratio of the dose signal DDS(C) will be reduced.
For this reason, it is preferable that the number of gate lines
41 to which the gate pulses G(R) are applied at the same time
by the gate driving unit 50 is increased to increase the
amount of charge added in the detection channel 95, thereby
improving the S/N ratio of the dose signal DDS(C).
[0390] The control unit 54 may not output the driving
control signals S_MUX, S_CA, S_CDS, and S_BIAS to the
switches 142, 202, 205, and 206 of the channels 95 and 130
(each signal line 42), respectively, but may uniformly output
the driving control signals S_MUX, S_CA, S_CDS,
S_BIAS in units of the blocks BL. For example, as in the
(1-5)-th embodiment, in the blocks BL in which the ADC 77
is always in the non-operating state, the switches 142, 202,
and 205 are uniformly connected to the second paths 141,
201, and 204, respectively, and the switch 206 is uniformly
turned on.

[0391] The switch 206 and the bias power supply 207 may
be provided in the block BL or the signal processing circuit
51.

[0392] The detection CA 132 is switched to the power-off
state and the switch 206 is turned on to apply the bias voltage
from the bias power supply 207 to the detection channel 95
such that the switches 202 and 205 of the detection channel
95 are connected to the second paths 201 and 204, respec-
tively. Then, the ADC 77 converts a variation in the load of
the bias power supply 207 caused by a current flowing to the
pixel 40 in a case in which X-rays are emitted into the digital
signal DS(C). The digital signal DS(C) is used as the dose
signal DDS(C). In a case in which a variation in the dose
signal DS(C) is out of a predetermined range, it may be
determined that the emission of X-rays has started.

[0393] Similarly, the non-detection CA 131 is switched to
the power-off state and the switch 206 is turned on to apply
the bias voltage from the bias power supply 207 to the
non-detection channel 130 such that the switches 202 and
205 of the non-detection channel 130 are connected to the
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second paths 201 and 204, respectively. Then, the ADC 77
converts a variation in the load of the bias power supply 207
caused by a current flowing to the pixel 40 in a case in which
X-rays are emitted into the digital signal DS(C). The digital
signal DS(C) is used as the dose signal DDS(C). In a case
in which a variation in the dose signal DS(C) is out of a
predetermined range, it may be determined that the emission
of X-rays has started.

[0394] Alternatively, it may be determined whether the
emission of X-rays has started on the basis of both the dose
signal DDS(C) which has been output from the detection
channel 95 and indicates a variation in the load of the bias
power supply 207 and the dose signal DDS(C) which has
been output from the non-detection channel 130 and indi-
cates a variation in the load of the bias power supply 207.
Specifically, the difference or ratio between the dose signals
DDS(C) may be calculated and it may be determined
whether the emission of X-rays has started on the basis of
the calculated difference or ratio. In this case, since an
impact or a noise component, such as vibration noise and
electromagnetic noise, applied to the electronic cassette 16
is canceled, it is possible to reduce a concern that the start
of the emission of X-rays will be erroneously determined
due to the noise component.

[0395] The detection CA 132 or the non-detection CA 131
may not be changed to the power-off state, but the power
PL_C that does not cause the potential of the input stage of
the detection CA 132 or the non-detection CA 131 to be
indefinite may be supplied to change the detection CA 132
or the non-detection CA 131 to the low power state as in the
(2-1)-th embodiment.

[0396] The power supply for acquiring the dose signal
DDS(C) indicating a load variation is not limited to the bias
power supply 207. Any power supply, such as a power
supply for the ADC 77, the CA 60, or the CDS 61, may be
used as long as it is turned on during the AED operation.
[0397] However, in a case in which whether the emission
of X-rays has started is determined on the basis of the dose
signal DDS(C) indicating a variation in the load of the power
supply, the variation in the load of the power supply is small.
Therefore, the S/N ratio of the dose signal DDS(C) is
reduced and there is a concern that the X-ray emission start
detection performance will be degraded.

[0398] For this reason, it is preferable that the number of
gate lines 41 to which the gate pulses G(R) are applied at the
same time by the gate driving unit 50 is increased to increase
the amount of charge added in the detection channel 95 or
the non-detection channel 130, thereby improving the S/N
ratio of the dose signal DDS(C). Alternatively, the dose
signals DDS(C) between adjacent channels may be added or
added and averaged to improve the S/N ratio of the dose
signal DDS(C). In addition, the method which increases the
number of gate lines 41 to which the gate pulses G(R) are
applied at the same time by the gate driving unit 50 to
increase the amount of charge added in each channel and the
method which adds or adds and averages the dose signals
DDS(C) between adjacent channels may be combined to
improve the S/N ratio of the dose signal DDS(C).

[0399] The seventh invention may be combined with each
embodiment of the first invention, the second invention, the
third invention, and the fourth invention. For example, as in
the second to fourth inventions, the first invention may be
applied such that the control unit 54 periodically switches
the power supply state of the ADC 77 and the MUX 76
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which form the block BL between the first state and the
second state, as illustrated in FIG. 14 in the (1-1)-th embodi-
ment.

[0400] As in the second and fourth inventions, the switch-
ing patterns of power supply to the ADC 77 and the block
BL in the seventh invention and the first invention may be
combined as follows. First, in a case in which there are two
or more blocks BL including the MUX 76 and the ADC 77
whose power supply state is periodically switched as illus-
trated in, for example, FIG. 14 of the (1-1)-th embodiment,
the control unit 54 may shift the switching timing of the
power supply state of at least two of the two or more blocks
BL.

[0401] In addition, the control unit 54 may shift the
switching timing of the power supply state for each of a
plurality of groups to which two or more blocks BL belong,
as illustrated in, for example, FIG. 14 of the (1-1)-th
embodiment. In this case, it is preferable that at least one
block BL is disposed between two blocks BL. belonging to
the same group. Alternatively, as illustrated in, for example,
FIG. 18 of the (1-2)-th embodiment, the switching timing of
the power supply state of all of the two or more blocks BL
may be shifted.

[0402] As illustrated in, for example, FIG. 21 of the
(1-5)-th embodiment, in a case in which there are a plurality
of blocks BL including the MUX 76 to which only the
non-detection CA 131 is connected, at least one of the
plurality of blocks BL. may be always in the second state.

[0403] Asinthe (1-12)-th embodiment illustrated in FIGS.
35 to 37, leak charge correction and temperature drift
correction may be performed for the dose signal DDS(C).

[0404] In addition, the (1-8)-th embodiment illustrated in
FIGS. 25 to 27 in which the detection channel 95 that is the
signal line 42 to which the detection pixel 90 used for the
AED operation is connected is set, the (1-9)-th embodiment
illustrated in FIGS. 28 to 31 in which the detection pixel 90X
used only for the AED operation is provided, the (1-10)-th
embodiment illustrated in FIG. 32 in which the setting of the
detection pixel 90 can be changed, the (1-11)-th embodiment
illustrated in FIGS. 33 and 34 in which the operation of the
CDS 61 in the AED operation is simplified, and the (1-13)-th
embodiment illustrated in FIG. 38 in which the digital signal
transmission I/F is switched may be combined with each
other.

[0405] Further, the (2-1)-th to (2-3)-th embodiments of the
second invention illustrated in FIGS. 39 to 43 may be
applied to change at least one of the non-selected CAs other
than some CAs that selectively output the analog voltage
signal V(C) to the ADC 77 to the power saving state in
which power supplied to the non-selected CAs in the AED
operation is lower than normal power in the image reading
operation.

[0406] In addition, the (3-1)-th and (3-2)-th embodiments
illustrated in FIGS. 44 to 49 in which the number of pulses
per unit time in the clock signal of the ADC 77 is less than
that in the image reading operation may be applied.
[0407] Further, the (4-1)-th to (4-3)-th embodiments illus-
trated in FIGS. 50 to 58 may be applied in which each of the
plurality of blocks BL1 to BL.16 is switched from the second
state to the first state a predetermined time, which is required
to stably operate, for example, the ADC 77 forming the
block BL, before the start timing of charge reading in the
AED operation.
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[0408] In each embodiment of the first to seventh inven-
tions, the electronic cassette 16 is given as an example of the
radiographic image detection device. However, the inven-
tion is not limited thereto. The invention can also be applied
to a stationary radiographic image detection device that is
fixed to the upright imaging table 18 or the decubitus
imaging table 19.

[0409] In each embodiment of the first to seventh inven-
tions, for example, the following various processors can be
used as the hardware structure of processing units perform-
ing various processes, such as the control unit 54, the leak
charge correction unit 121, and the temperature drift cor-
rection unit 122.

[0410] The various processors include, for example, a
CPU, a programmable logic device (PLD), and a dedicated
electric circuit. The CPU is a general-purpose processor that
executes software (program) to function as various process-
ing units as is well known. The PLD is a processor such as
a field programmable gate array (FPGA) whose circuit
configuration can be changed after manufacture. The dedi-
cated electric circuit is a processor such as an application
specific integrated circuit (ASIC) which has a dedicated
circuit configuration designed to perform a specific process.

[0411] One processing unit may be configured by one of
the various processors or a combination of two or more
processors of the same type or different types (for example,
a combination of a plurality of FPGAs and a combination of
a CPU and an FPGA). In addition, a plurality of processing
units may be configured by one processor. A first example of
the configuration in which a plurality of processing units are
configured by one processor is an aspect in which one
processor is configured by a combination of one or more
CPUs and software and functions as a plurality of processing
units. A second example of the configuration is an aspect in
which a processor that implements the functions of the entire
system including a plurality of processing units using one IC
chip is used. A representative example of this aspect is a
system-on-chip (SoC). As such, various processing units are
configured by using one or more of the various processors as
a hardware structure.

[0412] In addition, specifically, an electric circuit (cir-
cuitry) obtained by combining circuit elements, such as
semiconductor elements, is used as the hardware structure of
the various processors.

[0413] The invention is not limited to X-rays and can also
be applied to a case in which other types of radiation
including y-rays are used.

[0414] The conjunction “or” described in the specification
is not an expression intended to be a limited interpretation,
such as any one of a plurality of options connected by the
conjunction, and is an expression including combinations of
the plurality of options, depending on the context. For
example, a sentence “an option A or an option B is per-
formed” should be interpreted as having the following three
meanings, depending on the context: “the option A is per-
formed”; “the option B is performed”; and “the option A and
the option B are performed”.

[0415] The invention is not limited to each embodiment of
the first to seventh inventions and may have various con-
figurations as long as it does not depart from the scope and
spirit of the invention. In addition, the invention may include
a storage medium storing a program in addition to the
program.
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EXPLANATION OF REFERENCES

[0416] 10: X-ray imaging system

[0417] 11: X-ray generation apparatus

[0418] 12: X-ray imaging apparatus

[0419] 13: X-ray source

[0420] 14: radiation source control device

[0421] 15: irradiation switch

[0422] 16: electronic cassette (radiographic image detec-
tion device)

[0423] 17: console

[0424] 18: upright imaging table

[0425] 19: decubitus imaging table

[0426] 20: display

[0427] 21: input device

[0428] 22, 23: wireless communication unit

[0429] 25: menu and condition table

[0430] 30: sensor panel

[0431] 31: circuit unit

[0432] 32: housing

[0433] 32A: front surface

[0434] 33: transmission plate

[0435] 34: scintillator

[0436] 35: light detection substrate

[0437] 40: pixel

[0438] 41, 107: gate line

[0439] 42: signal line

[0440] 43, 105: photoelectric conversion unit

[0441] 44, 106: TFT

[0442] 50, 108: gate driving unit

[0443] 51: signal processing circuit

[0444] 52: memory

[0445] 53: power supply unit

[0446] 54: control unit

[0447] 60: charge amplifier (CA)

[0448] 61: correlated double sampling circuit (CDS)

[0449] 62: multiplexer (MUX) unit

[0450] 63: AD converter (ADC) unit

[0451] 65: battery

[0452] 66: wired communication unit

[0453] 70: operational amplifier

[0454] 71: capacitor

[0455] 72: amplifier reset switch

[0456] 73A: first sample-and-hold circuit (first S/H)

[0457] 73B: second sample-and-hold circuit (second S/H)

[0458] 74: difference amplifier

[0459] 75: (first to twelfth) gate driving circuit

[0460] 76, 76A, 76B, 135: (first to sixteenth) MUX

[0461] 77: (first to sixteenth) ADC

[0462] 90, 90X, 90X1 to 90X3: detection pixel

[0463] 95: detection channel

[0464] 100: short-circuit line

[0465] 120: reference channel

[0466] 121: leak charge correction unit

[0467] 122: temperature drift correction unit

[0468] 125: LVDS interface (I/F)

[0469] 126: CMOS interface (I/F)

[0470] 127: switch

[0471] 130: non-detection channel

[0472] 131: non-detection CA

[0473] 132: detection CA

[0474] 133: switch

[0475] 140, 200, 203: first path

[0476] 141, 201, 204: second path

[0477] 142, 202, 205, 206: switch
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[0478]
[0479]
[0480]
[0481]
[0482]
[0483]
[0484]
[0485]
nal
[0486]
[0487]
[0488]
[0489]

207: bias power supply

G(R): gate pulse

V(C): analog voltage signal

DS(C): digital signal

DIS(C): image signal

DDS(C): dose signal

RCDDS(C): leak charge corrected dose signal
DRCDDS(C): temperature drift corrected dose sig-

AR1 to AR16: area

BL1 to BL16: block

CP1 to CP4: chip

T: unit time

[0490] P_A, PON_A, PSL_A: power supplied to ADC

[0491] ST100 to ST190, ST1202 to ST1206, ST1802 to
ST1806, ST300 to ST330: step

[0492] L A1, LA2: area

[0493] RLAI1 to RLA3: range

[0494] (C): correction coeflicient

[0495] F {DRS(C-1), DRS(C+1)}: correction coeflicient
calculation formula

[0496] TP: temperature of central portion of block

[0497] SC: charge generated in detection pixel

[0498] LC: leak charge

[0499] P_C, PN_C, PL_C, PL_C1, PL_C2: power sup-
plied to CA

[0500] DT: alphabets indicating detection channel

[0501] NDT: alphabets indicating non-detection channel

[0502] NPU_A, NPUN_A, NPUL_A: pulse number per
unit time in clock signal of ADC

[0503] CLN_A, CLL_A: clock signal of ADC

[0504] TC: period of clock signal

[0505] TW: time required to stably operate block

[0506] TX: reading period of dose signal

[0507] S_MUX, S_CA, S_CDS, S_BIAS: switch driving
control signal

What is claimed is:

1. A radiographic image detection device comprising:

a sensor panel in which pixels that are sensitive to
radiation which has been emitted from a radiation
generation apparatus and transmitted through a subject
and accumulate charge are two-dimensionally arranged
and a plurality of signal lines for reading the charge are
arranged;

a signal processing circuit that reads an analog voltage
signal corresponding to the charge from the pixel
through the signal line to perform signal processing;

a plurality of charge amplifiers that are included in the
signal processing circuit and each of which is provided
for each signal line, is connected to one end of the
signal line, and converts the charge from the pixel into
the analog voltage signal;

a multiplexer that is included in the signal processing
circuit, has a plurality of input terminals to which the
plurality of charge amplifiers are respectively con-
nected, sequentially selects the analog voltage signals
from the plurality of charge amplifiers, and outputs the
selected analog voltage signal;

an AD converter that is included in the signal processing
circuit, is connected to a stage behind the multiplexer,
and performs an AD conversion process of converting
the analog voltage signal output from the multiplexer
into a digital signal corresponding to a voltage value;
and
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a processor configured to control the signal processing
circuit such that an irradiation start detection operation
and an image reading operation are performed,

wherein the irradiation start detection operation reads the
charge through a detection channel which is the signal
line connected to a preset detection pixel among the
pixels from before start of the emission of the radiation
and detects the start of the emission of the radiation on
the basis of the digital signal corresponding to the read
charge,

the image reading operation reads the charge from the
pixel through the signal line after a pixel charge accu-
mulation period for which the charge is accumulated in
the pixel elapses after the start of the emission of the
radiation and outputs a radiographic image which is
indicated by the digital signal corresponding to the read
charge and is provided for diagnosis, and

in the irradiation start detection operation, the processor
selectively outputs the analog voltage signal from a part
of the charge amplifiers including a detection charge
amplifier that is the charge amplifier connected to the
detection channel among the plurality of charge ampli-
fiers connected to the multiplexer, to the AD converter,

the processor causes the AD converter to perform only the
AD conversion process for the analog voltage signal
selectively output from the multiplexer,

the processor further reduces the number of pulses per
unit time in a clock signal defining an operation timing
of the AD converter compared to that in the image
reading operation, and

in the irradiation start detection operation, in a case where
power supplied to the charge amplifier during the
image reading operation is normal power, the processor
further drives at least one of the part of charge ampli-
fiers in a low power state in which power lower than the
normal power and greater than O is supplied.

2. The radiographic image detection device according to

claim 1,

wherein the multiplexer has a function of selecting the
analog voltage signal from the part of the charge
amplifiers among the plurality of charge amplifiers
connected thereto.

3. The radiographic image detection device according to

claim 1, further comprising:

a first path through which the analog voltage signal from
the charge amplifier is output to the AD converter via
the multiplexer;

a second path through which the analog voltage signal
from the charge amplifier is output to the AD converter
without passing through the multiplexer; and

a switch that selectively switches between the first path
and the second path,

wherein the processor controls the switch to select the
second path during the irradiation start detection opera-
tion.

4. The radiographic image detection device according to

claim 1,

wherein in the irradiation start detection operation, the
processor causes at least one of non-selected charge
amplifiers other than the part of the charge amplifiers
among the plurality of charge amplifiers connected to
the multiplexer to be in a power saving state in which
the supply power is lower than the normal power.
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5. The radiographic image detection device according to
claim 4,

wherein the power saving state is a low power state in
which power lower than the normal power and greater
than 0 is supplied.

6. The radiographic image detection device according to

claim 4,

wherein the power saving state is a power-off state in
which the supply of power is stopped.

7. The radiographic image detection device according to

claim 4,

wherein the processor causes all of the non-selected
charge amplifiers to be in the power saving state.

8. The radiographic image detection device according to

claim 4, further comprising:

a first path through which the charge is input to the charge
amplifier;

a second path through which the charge is output to the
multiplexer without passing through the charge ampli-
fier; and

a switch that selectively switches between the first path
and the second path,

wherein the processor controls the switch to select the
second path for the non-selected charge amplifier in the
power saving state.

9. The radiographic image detection device according to

claim 8,

wherein, in a case in which the power saving state is a
power-off state in which the supply of power is
stopped, the processor applies a bias voltage for stabi-
lizing a potential of an input stage to the non-selected
charge amplifier in the power-off state.

10. The radiographic image detection device according to

claim 1, further comprising:
a plurality of blocks each of which includes one multi-
plexer to which at least one of the detection charge
amplifiers is connected and one AD converter con-
nected to a stage behind the one multiplexer,
wherein the processor
has a function of switching a power supply state of the
block between a first state in which first power is
supplied and a second state in which second power
lower than the first power per unit time is supplied,
and

periodically switches the power supply state of at least
one of the plurality of blocks during the irradiation
start detection operation.

11. The radiographic image detection device according to

claim 10,

wherein in a case where the number of blocks whose
power supply state is periodically switched is two or
more, the control unit shifts a switching timing of the
power supply state of at least two of the two or more
blocks.

12. The radiographic image detection device according to

claim 11,

wherein the two or more blocks are divided into groups,
and

the processor shifts the switching timing of the power
supply state for each group.

13. The radiographic image detection device according to

claim 12,

wherein at least one block is disposed between two blocks

belonging to the same group.
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14. The radiographic image detection device according to
claim 11,
wherein the processor shifts the switching timing of the
power supply state of all of the two or more blocks.
15. The radiographic image detection device according to
claim 10,
wherein the processor causes at least one of the blocks
including the multiplexer to which the part of charge
amplifiers is not connected to be in the second state at
all the times among the plurality of blocks during the
irradiation start detection operation.
16. The radiographic image detection device according to
claim 10,
wherein the block is provided for each area that is formed
by the pixels connected to a plurality of the adjacent
signal lines.
17. The radiographic image detection device according to
claim 16,
wherein a plurality of the adjacent blocks that are in
charge of the areas adjacent to each other are mounted
on the same chip, and a plurality of the chips are
provided.
18. The radiographic image detection device according to
claim 17,
wherein the processor switches the power supply state of
the block in units of the blocks that are in charge of the
areas or in units of the chips.
19. The radiographic image detection device according to
claim 1,
wherein the processor corrects a temperature drift of the
digital signal which is generated by a bias in a tem-
perature distribution in the signal processing circuit due
to the switching of the power supply state of the block.
20. A method for operating a radiographic image detec-
tion device comprising a sensor panel in which pixels that
are sensitive to radiation which has been emitted from a
radiation generation apparatus and transmitted through a
subject and accumulate charge are two-dimensionally
arranged and a plurality of signal lines for reading the charge
are arranged, a signal processing circuit that reads an analog
voltage signal corresponding to the charge from the pixel
through the signal line to perform signal processing, a
plurality of charge amplifiers that are included in the signal
processing circuit and each of which is provided for each
signal line, is connected to one end of the signal line, and
converts the charge from the pixel into the analog voltage
signal, a multiplexer that is included in the signal processing
circuit, has a plurality of input terminals to which the
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plurality of charge amplifiers are respectively connected,
sequentially selects the analog voltage signals from the
plurality of charge amplifiers, and outputs the selected
analog voltage signal, an AD converter that is included in the
signal processing circuit, is connected to a stage behind the
multiplexer, and performs an AD conversion process of
converting the analog voltage signal output from the mul-
tiplexer into a digital signal corresponding to a voltage
value, and a processor configured to control the signal
processing circuit such that an irradiation start detection
operation and an image reading operation are performed, the
method comprising:
an irradiation start detection step of performing an irra-
diation start detection operation that reads the charge
through a detection channel which is the signal line
connected to a preset detection pixel among the pixels
from before start of the emission of the radiation and
detects the start of the emission of the radiation on the
basis of the digital signal corresponding to the read
charge; and
an image reading step of performing an image reading
operation that reads the charge from the pixel through
the signal line after a pixel charge accumulation period
for which the charge is accumulated in the pixel elapses
from the start of the emission of the radiation and
outputs a radiographic image which is indicated by the
digital signal corresponding to the read charge and is
provided for diagnosis,
wherein in the irradiation start detection step, the analog
voltage signal from a part of the charge amplifiers
including a detection charge amplifier that is the charge
amplifier connected to the detection channel among the
plurality of charge amplifiers connected to the multi-
plexer is selectively output to the AD converter,
the AD converter is caused to perform only the AD
conversion process for the analog voltage signal output
from the multiplexer,
the number of pulses per unit time in a clock signal
defining an operation timing of the AD converter is
further reduced compared to that in the image reading
operation, and
in the irradiation start detection operation, in a case where
power supplied to the charge amplifier during the
image reading operation is normal power, at least one
of the part of charge amplifiers is further driven in a low
power state in which power lower than the normal
power and greater than O is supplied.
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