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Description

Title of Invention: RADIATION IMAGING APPARATUS AND

[0001]

[0002]

[0003]

[0004]

[0005]

[0006]

CONTROL METHOD THEREOF
Technical Field

The present invention relates to a radiation imaging apparatus and a control method

thereof.

Background Art

A radiation imaging apparatus includes, for example, a plurality of sensors arrayed so
as to form a plurality of rows and a plurality of columns, a drive unit which drives each
sensor row by row, and a readout unit which reads out a signal from each driven
Sensor.

In Japanese Patent Laid-Open No. 2013-98796, the start of radiation irradiation is
detected based on signals from some of the plurality of sensors and the end of radiation
irradiation is detected based on the signals from the some sensors in the radiation
imaging apparatus. According to Japanese Patent Laid-Open No. 2013-98796, signals
are read out from some of the sensors while maintaining the operation mode of the
readout unit to have a mode with a high signal amplification ratio in order to improve
the detection accuracy of the start of radiation irradiation. Then, after the start of
radiation irradiation is detected, the operation mode of the readout unit is changed to a
mode with a low signal readout ratio to prevent the saturation of the signals that have
been read out from some of the sensors.

Some radiation imaging apparatuses can monitor the radiation dose and cause
radiation irradiation to end (for example, output, to the radiation source, a signal to
stop radiation irradiation) when the dose reaches a target value. This operation is called
Automatic Exposure Control (AEC) and can, for example, prevent excessive radiation
irradiation.

In Japanese Patent Laid-Open No. 2010-75556, some sensors are used as monitoring
sensors to monitor the radiation dose, the signals of the monitoring sensors are
monitored after the start of radiation irradiation, and radiation irradiation is ended
based on the monitoring result. Additionally, in Japanese Patent Laid-Open No.
2010-75556, the signals of the monitoring sensors are monitored at least twice, and the
timing to end radiation irradiation is determined based on these timings and theses
monitoring results.

Generally, when the intensity of radiation is comparatively high (or low), the time
until the radiation dose can reach the target value can be considered to become short

(or long) and requires AEC of a given intensity of radiation to be properly performed
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[0007]

[0008]

[0009]

[0010]

[0011]

in a radiation imaging apparatus. However, in a case in which the intensity of radiation
is higher than an assumed value or in a case in which the signal amplification ratio of
the readout unit is not properly set, the output value of the readout unit may become

saturated (may exceed the output dynamic range).
According to the AEC method of Japanese Patent Laid-Open No. 2010-75556,

radiation irradiation cannot be properly ended or the timing to end the radiation ir-
radiation cannot be properly determined when the output value (monitoring result) of
the readout unit becomes saturated. As a result, the accuracy of AEC is decreased.
Also, if the signal amplification ratio of the readout unit is changed in accordance with
the method of Japanese Patent Laid-Open No. 2013-98796 while AEC is being
performed, the output value of the readout unit is changed by the change. Therefore,
radiation irradiation cannot be properly ended or the timing to end the radiation ir-
radiation cannot be properly determined, and as a result the accuracy of AEC is
decreased even by the method of Japanese Patent Laid-Open No. 2013-98796.

Summary of Invention

The present invention has been made in recognition of the above problem by the
inventor and provides a technique advantageous in increasing the accuracy of the AEC.

One of the aspects of the present invention provides a radiation imaging apparatus
that includes a plurality of sensors arrayed on a substrate, a drive unit, a readout unit,
and a control unit, wherein the control unit performs a first control of reading out by
the readout unit, after radiation irradiation is started to the plurality of sensors, signals
from some of the sensors which have been driven out of the plurality of sensors by
driving the some of the sensors by the driving unit, and a second control of outputting
a control signal to end radiation irradiation when a calculated value calculated based
on an output of the readout unit in the first control reaches a reference value, operation
modes of the readout unit include a plurality of modes having different signal ampli-
fication ratios from each other, and the control unit reads out, in the first control, the
signals from the some of the sensors by changing an operation mode of the readout
unit so a value of an output of the readout unit is not saturated, and calculates, in the
second control, the calculated value as a value that indicates a radiation dose by accu-
mulating the output of the readout unit in consideration of the signal amplification ratio
of the readout unit.

Further features of the present invention will become apparent from the following de-

scription of exemplary embodiments with reference to the attached drawings.
Brief Description of Drawings

[fig.1]Fig. 1 is a block diagram for explaining an example of the configuration of an

imaging system;
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[fig.2]Fig. 2 is a block diagram for explaining an example of the configuration of a
radiation imaging apparatus;

[fig.3]Fig. 3 is a timing chart for explaining a reference example of an AEC operation;
[fig.4]Fig. 4 is a graph for explaining a crosstalk component included in a signal read
out from a monitoring sensor;

[fig.5]Fig. 5 is a view for explaining an example of the configuration of a readout unit;
[fig.6]Fig. 6 is a flowchart for explaining an example of the AEC operation; and
[fig.7]Fig. 7 is a timing chart for explaining an example of the AEC operation.
Description of Embodiments

Fig. 1 shows a configuration example of an imaging system SYS to perform radiation
imaging. The imaging system SYS includes a radiation imaging apparatus 100, a
processor 200, a radiation controller 300, and a radiation source 400. The processor
200 controls the radiation imaging apparatus 100 and radiation controller 300 based
on, for example, imaging conditions input by the user via a terminal 210. The radiation
controller 300 drives the radiation source 400 based on a signal from the processor
200, and the driven radiation source 400 generates radiation (for example, an X-ray, o-
ray, or 3-ray). The radiation is transmitted through an object to be examined (not
shown), and the radiation imaging apparatus 100 detects this radiation containing in-
formation of the object to be examined. The radiation imaging apparatus 100 generates
image data based on the detected radiation, and outputs the image data to the processor
200. The processor 200 outputs a radiation image based on the image data to a display
unit 220 such as a display.

The radiation imaging apparatus 100 includes a sensor array 110, a drive unit 120, a
readout unit 130, a processor 140, a hold unit 150, a communication unit 160, a control
unit 170, and a power supply unit 180.

The sensor array 110 includes a plurality of sensors so arranged as to form a plurality
of rows and a plurality of columns on a substrate. Each sensor includes a detecting
element for detecting radiation and can include, for example, a photoelectric
conversion element (PIN photodiode, MIS sensor or the like) formed by amorphous
silicon on an insulating substrate such as a glass substrate. In this case, a scintillator for
converting radiation into light can be arranged on the side of an irradiation surface of
the sensor array 110.

The drive unit 120 drives the sensors of the sensor array 110 row by row. The drive
unit 120 includes a scanning circuit formed by using, for example, shift registers, and
sequentially selectively drives the sensors on each row. The readout unit 130 reads out
a signal from each of a plurality of sensors driven by the drive unit 120. The value of

this signal corresponds to the radiation dose detected by the corresponding sensor. In
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this example, the signal value corresponds to the quantity of light that has entered the
corresponding sensor from the scintillator.

The processor 140 is formed by an integrated circuit such as an ASIC, generates
image data based on a signal read out by the readout unit 130, and performs data
processing such as a correction process on the image data. The hold unit 150 is a
memory for holding image data, and it is possible to use, for example, a volatile
memory such as a DRAM, a nonvolatile memory such as a flash memory, or another
known storage means. The communication unit 160 is an external interface for ex-
changing signals and data with the processor 200, and it is possible to use a wired com-
municating means or wireless communicating means. The communication unit 160
may also exchange signals and data with another unit (not shown).

To properly perform radiation imaging, the control unit 170 controls the operations
of the above-mentioned units forming the radiation imaging apparatus 100, for
example, controls synchronization of these units by using a reference signal such as a
clock signal. The power supply unit 180 supplies electrical power to each unit so that
the unit properly operates. For example, the power supply unit 180 generates one or
more voltages based on external electrical power, and supplies each generated voltage
to a corresponding unit.

The radiation imaging apparatus 100 starts radiation imaging upon detecting the start
of radiation irradiation. For example, an exposure switch (not shown) is connected to
the radiation control unit 300, and a signal indicating the start of radiation irradiation is
supplied to the radiation imaging apparatus 100 in response to the user pressing the
exposure switch. Upon receiving the signal indicating the start of radiation irradiation,
the radiation imaging apparatus 100 outputs, to the radiation control unit 300, an
exposure permission signal that indicates permission to start and a request to start
radiation irradiation after a predetermined operation has been performed. The radiation
control unit 300 drives the radiation source 400 upon receiving the exposure
permission signal. Note that the method of detecting the start of radiation irradiation of
the radiation imaging apparatus 100 is not limited to the above-described example. For
example, a sensor dedicated to detecting the start of radiation irradiation can be
provided in the radiation imaging apparatus 100 or another known arrangement for
detecting the start of radiation irradiation by the radiation imaging apparatus 100 itself
may be provided.

The configurations of the imaging system SYS and radiation imaging apparatus 100
are not limited to the above-described examples, and the arrangements of the afore-
mentioned units can appropriately be changed. For example, a part of the function of a
given unit may also be achieved by another unit, and the functions of two more units

may also be achieved by one unit. For example, a part of the function of the processor
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140 may also be implemented by the processor 200, and the processor 140 and
processor 200 may also be formed by a single unit.

Fig. 2 shows a configuration example of the sensor array 110 and readout unit 130.
In this example, the sensor array 110 includes a plurality of sensors PX (PX_11,
PX_12,..., PX_MN) so arranged as to form M rows and N columns. The sensor PX
may also be referred to as a "pixel".

For example, the sensor PX_11 positioned in the first row and first column includes a
photoelectric conversion element S and thin-film transistor W. For example, one
terminal of the photoelectric conversion element S is connected to the thin-film
transistor W, and the other terminal thereof is connected to a power line for
propagating a reference voltage VS received from the power supply unit 180. The thin-
film transistor W is turned on or off in response to a signal received from the drive unit
120 via a signal line G1. While the thin-film transistor W is kept off, electric charge is
stored in the photoelectric conversion element S. When the thin-film transistor W is
turned on, a signal corresponding to the amount of accumulated charge is transferred to
the readout unit 130 via a corresponding column signal line L1. This applies to other
sensors PX_12...., PX MN.

The readout unit 130 includes signal amplifying units 131, sampling units 132, a
scanning circuit 133, and an output unit 134. The signal amplifying units 131 are
arranged in one-to-one correspondence with the columns, and each amplify signals
from corresponding sensors PX. For example, the signal amplifying unit 131 can
include an integral amplifier, a variable amplifier, or another known signal amplifying
circuit. The sampling units 132 are arranged in one-to-one correspondence with the
columns, and each sample a signal from a corresponding signal amplifying unit 131.
The sampling unit 132 can include a switching element and a capacitor, and can further
include a buffer amplifier for amplifying the sampled signal. The scanning circuit 133
is formed by using shift registers or the like, and supplies a control signal to the
sampling unit 132 corresponding to each column. In response to this control signal
from the scanning circuit 133, the sampling unit 132 transfers the sampled signal to the
output unit 134. The output unit 134 includes an output circuit for outputting the
sampled signal to an external unit (for example, the processor 140). For example, the
output unit 134 can include a buffer amplifier and A/D converter.

The processor 140 processes the signals from the plurality of sensors PX read out by
the readout unit 130, as image data of one frame. That is, image data of one frame is
obtained by reading out signals from the plurality of sensors PX once.

A reference example of AEC (Automatic Exposure Control) in the radiation imaging
apparatus 100 will be described with reference to Fig. 3. Fig. 3 shows a timing chart of

an AEC operation. In Fig. 3, the abscissa indicates the time. In Fig. 3, the ordinate
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indicates the exposure switch, the operation, the exposure permission signal, the
intensity of radiation, signals such as V_G1 (V_G1, V_G2,..., V_GM), a clock signal
ADC_CLK, a monitoring value a, and a calculated value Da.

"Exposure switch" in Fig. 3 indicates a signal from the exposure switch (not shown)
connected to the radiation control unit 300. In Fig. 3, L level indicates that the
exposure switch has not been pressed and H level indicates that the exposure switch
has been pressed.

"Operation" in Fig. 3 indicates each operation which is to be performed in the
radiation imaging apparatus 100 at the time of radiation imaging and corresponds to
the operation mode or state of the radiation imaging apparatus 100. Although details
will be described later, an initialization operation OP1 is performed first, the ini-
tialization operation OP1 is stopped in response to the pressing of the exposure switch,
and an offset signal obtainment operation OP2 is performed. Next, an accumulation/
monitoring operation OP3 is performed along with the start of radiation irradiation.
Subsequently, the accumulation/monitoring operation OP3 is stopped in accordance
with the end of radiation irradiation, and a readout operation OP4 is performed.

"Exposure permission signal” in Fig. 3 is a signal that is output from the radiation
imaging apparatus 100 to the radiation control unit 300 and indicates permission to
start and a request to start radiation irradiation. Upon receiving the exposure
permission signal from the radiation imaging apparatus 100, the radiation control unit
300 starts radiation irradiation by driving the radiation source 400. In Fig. 3, L level
indicates a state in which the start of radiation irradiation has not been permitted
(requested), and H level indicates a state in which the start of radiation irradiation is
permitted.

"Intensity of radiation" in Fig. 3 indicates the intensity of radiation irradiation or the
irradiation rate. That is, the intensity of radiation indicates the radiation dose per each
unit time, and a result obtained from time-integrating the intensity of radiation
becomes the radiation dose. In Fig. 3, L level indicates a state in which no radiation ir-
radiation is performed and H level (and a level midway between L level to H level)
indicates a state in which radiation irradiation is being performed.

"V_G1" in Fig. 3 is a control signal propagating in the signal line G1 (Refer to Fig.
2). If the signal V_GI is activated, the first row sensors PX_11 to PX_1N are driven.
That is, when the signal V_G1 shifts to H level, the transistors W of the respective first
row sensors PX_11 to PX_1IN become electrically conductive, and the signals of the
respective photoelectric conversion elements S are transferred via the corresponding
column signal lines such as L1 and the like to the readout unit 130. The same operation
is performed for other signals V_G2 to V_GM.

"ADC_CLK" in Fig. 3 indicates a clock signal used to A/D-convert the signals from
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the sensors PX. The clock signal ADC_CLK is supplied to, for example, an A/D
converter included in the output unit 134. "Monitoring value a" in Fig. 3 indicates the
output from the readout unit 130 during the accumulation/monitoring operation OP3.
In this example, a numerical value corresponding to the aforementioned A/D converted
digital value is indicated as the monitoring value a. Note that the monitoring value a
does not include the outputs from the readout unit 130 during the initialization
operation OP1 and the readout operation OP4. "Calculated value Da" in Fig. 3 is a
value obtained by accumulating the monitoring values a and can be referred to as an
"integrated value" or an "integral value".

First, the initialization operation OP1 is performed before the start of radiation ir-
radiation and before the exposure switch is pressed. The initialization operation OP1
can be performed by repeatedly performing activation by activating the signals V_Gl1,
V_G2,..., V_GM in this order (setting the thin film transistors W in an electrically
conductive state) in a state in which the column signal lines L1 to LN are fixed to a
constant potential. Accordingly, charges due to a dark current of the substrate are
removed from each photoelectric conversion element S and the potential of each pho-
toelectric conversion element S is initialized. Note that the initialization method and
the configuration for initialization are not limited to the above-described example, and
a reset transistor may be provided for each sensor PX or another known initialization
means can be used.

Next, in response to the pressing of the exposure switch, the initialization operation
OP1 is ended and the offset signal obtainment operation OP2 is started. The offset
signal obtainment operation OP2 is performed by reading out signals from some of the
plurality of sensors PX under a state in which the sensor array 110 is not irradiated
with radiation. More specifically, letting m be a given integer from 1 to M, the signal
VG_M is activated to drive each of the mth row sensors PX_m1 to PX_mN. The
signals read out by the readout unit 130 from the respective mth row sensors PX_ml to
PX_mN can be used to perform offset correction on the monitoring value a which is to
be read out in the accumulation/monitoring operation OP3 (to be described later).

After the offset signal obtainment operation OP2 is ended, the accumulation/
monitoring operation OP3 is started upon output of the exposure permission signal to
the radiation control unit 300. In the accumulation/monitoring operation OP3, charges
are accumulated in the plurality of sensors PX and the accumulated charge amount of
some of the plurality of sensors PX is monitored by reading out signals in a prede-
termined cycle from some of the plurality of sensors PX. More specifically, a signal
V_GM is activated at a predetermined cycle to drive the mth row sensors PX_ml1 to
PX_mN. The signals from the respective mth row sensors PX_m1 to PX_mN that have

been driven are read out by the readout unit 130 as the above-described monitoring
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sensors PX_m1 to PX_mN can be represented as a sensor which functions as a
monitoring sensor to monitor the radiation dose or the longitudinal changes of the
radiation dose. Note that although, in this configuration example, the above-described
monitoring value a is a value obtained by amplifying a monitoring sensor signal by the
corresponding signal amplification unit 131, sampling the amplified signal by the cor-
responding sampling unit 132, and outputting the sampled signal to the output unit
134, it need only be a value corresponding to the value of the monitoring sensor signal.

When the calculated value Da which is the accumulated value of the monitoring
values a reaches a reference value Dy (the reference value Dyy is a value corre-
sponding to a target value, an allowable value, and an upper limit value or the like of
the radiation dose and can be, for example, preset by the user), the aforementioned
exposure permission signal is set at a logic level to end radiation irradiation. In this
manner, AEC is performed and radiation irradiation is stopped.

In addition, in response to the calculated value Da reaching the reference value Dry,
the accumulation/monitoring operation OP3 is ended and the readout operation OP4 is
started. In the readout operation OP4, the signals V_G1, VG_2...., VGM are activated
in this order (setting the respective thin film transistors W to an electrically conductive
state), and signals are read out from the plurality of sensors PX by the readout unit 130.
The processor 140 generates image data based on the readout signals.

Note that for each of the signals V_G1 and the like, the pulse width in the ini-
tialization operation OP1, the pulse width in the accumulation/monitoring operation
OP3, and the pulse width in the readout operation OP4 can be different from each
other, but may be equal to each other or some may be equal to each other.

The signal read out from each of the mth row sensors PX_m1 to PX_mN in the
readout operation OP4 has lost a part of its signal component due to the signal being
read out as the monitoring value a during the accumulation/monitoring operation OP3.
Therefore, it is preferable to add the calculated value Da which is the accumulated
value of the monitoring value a to each signal read out from each of the mth row
sensors PX_ml to PX_mN during the readout operation OP4. In another example, each
signal read out from each of the mth row sensors PX_m1 to PX_mN can be corrected
based on signals read out from the sensor PXs of an adjacent row ((m-1)th row and or
(m+1)th row). In yet another example, each signal read out from each of the mth row
sensors PX_m1 to PX_mN can be complemented by signals read out from the adjacent
row sensor PX.

When reading out signals from the respective mth row sensors PX_m1 to PX_mN

during the accumulation/monitoring operation OP3, even if the thin film transistors W
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of sensors PX (to be referred to as non-monitoring target sensors” hereinafter) of other
rows are set to a non-conductive state, noise from the non-monitoring target sensors
PX can mix into the column signal line L1 and the like. That is, since the thin film
transistor W of each non-monitoring target sensor PX is set to a non-conductive state,
the signal corresponding to the accumulated charge amount of each non-monitoring
target sensor PX is not directly transferred to the corresponding column signal line L1
or the like. However, a change in the potential of the photoelectric conversion element
which occurs along with the accumulation of charges in each non-monitoring target
sensor PX can propagate as noise in the corresponding column signal line L.1 or the
like due to capacitive coupling formed between the electrode of the photoelectric
conversion element S and the corresponding column signal line L1 or the like.

The above-described noise can also be referred to as "crosstalk”. In general, since the
number of the above-described non-monitoring target sensors is larger than the number
of monitoring sensors (the number of sensors which are monitoring targets), when a
signal is read out from each monitoring sensor, a substantial amount of crosstalk can
mix with the signal. Particularly, since the amount of change of the potential of each
photoelectric conversion element S can increase along with the increase in the intensity
of radiation, higher the intensity of radiation, the greater the crosstalk will be.

Fig. 4 is a graph for explaining the crosstalk component included in the signal read
out from each monitoring sensor. The abscissa indicates the radiation irradiation time
[msec] and the ordinate indicates the monitoring value or the signal value.

Here, a case in which the radiation dose is fixed to a constant value (for example,
15,000 [LSB]) will be considered. For example, assume that the intensity of radiation
is 15,000 [LSB/msec] for an irradiation time of 1 [msec]. For example, assume that the
intensity of radiation is 1,500 [LSB/msec] for an irradiation time of 10 [msec]. For
example, assume that the intensity of radiation is 150 [LSB/msec] for an irradiation
time of 100 [msec]. In Fig. 4, a signal value SS read out from each unit sensor PX
during the readout operation OP4 indicates a value equivalent to 15,000 [LSB] in any
of the irradiation times.

Letting "monitoring value SO" be the monitoring value (a signal value read out via
one corresponding column signal line during the accumulation/monitoring operation
OP3) for each unit column in the above described conditions, a crosstalk component
SC in Fig. 4 indicates the crosstalk component included in the monitoring value SO. A
signal component SA in Fig. 4 indicates a component obtained by subtracting the
crosstalk component SC from the monitoring value SO (that is, SA = SO - SC). Addi-
tionally, an output saturation value Ssur in Fig. 4 indicates the output saturation value
(more specifically, for example, the upper limit of the output value of either the signal

amplification units 131, the sampling units 132, or the output unit 134) of the readout
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unit 130. The output saturation value Sgur is equivalent to approximately 40,000
[LSB].

According to Fig. 4, the signal component SA increases when the irradiation time is
decreased (when the intensity of radiation is increased), and the signal component SA
decreases when the irradiation time is increased (when the intensity of radiation is
decreased). Additionally, in the same manner as the signal component SA, the
crosstalk component SC increases when the irradiation time is decreased (when the
intensity of radiation is increased), and the crosstalk component SC decreases when the
irradiation time is increased (when the intensity of radiation is decreased). According
to Fig. 4, the signal component SA is smaller than the crosstalk component SC by two
orders of magnitude.

The signal component SA can be obtained by subtracting the crosstalk component
SC from the monitoring value SO. For example, in the aforementioned reference
example (refer to Fig. 3), the crosstalk component SC can be obtained from the output
from the readout unit 130 between readout operations of the monitoring values a
during the accumulation/monitoring operation OP3. That is, the crosstalk component
SC can be the output of the readout unit 130 from a period in between a readout
operation of the monitoring value a performed at a given timing and the next read out
operation of the monitoring value a performed in the subsequent timing (a period when
the thin-film transistors W of the respective monitoring sensors are in a non-conductive
state). This allows the output of the readout unit 130 to be obtained as the crosstalk
component SC in a state where the crosstalk component, which has mixed into the
column signal line L1 or the like, has at least not disappeared. Preferably, the output
from the readout unit 130 substantially immediately after the readout operation of the
monitoring values a can be the crosstalk component SC. This allows the output of the
readout unit 130 to be obtained as the crosstalk component SC in a state almost equal
to or at least close to the state immediately after the crosstalk component has mixed
into the column signal line L1 or the like. As a result, the signal component SA can be
calculated with high accuracy. Although the crosstalk component SC can be measured
by the aforementioned method, it may also be pre-obtained for each imaging condition
(for example, for each irradiation time or intensity of radiation) or may be calculated
based on the circuit configuration of the sensor array 110 and its structure.

Here, for example, if the irradiation time is shorter than T1 in Fig. 4, that is, if
monitoring value SO = SA + SC becomes larger than the output saturation value Sgar,
signals (SO - Ssar) equivalent to the amount that has exceeded the output saturation
value Ssar will be lost. Therefore, in such a case, the accuracy of AEC will be reduced
since the signal component SA cannot be properly calculated by the aforementioned

method. An example of AEC which is advantageous in increasing the accuracy of AEC
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[0055]

[0056]

[0057]

will be described below with reference to Figs. 5 to 7.

Fig. 5 is a view for explaining a detailed configuration example of the signal ampli-
fication units 131, the sampling units 132, and the output unit 134 of the readout unit
130.

Each signal amplification unit 131 includes, for example, a differential amplifier Al,
feedback capacitors C_FB1 to C_FB3, and switch elements SW_FB1 to SW_FB3 and
SW_RES. The non-inverting input terminal ("+" terminal in Fig. 5) of the differential
amplifier Al is supplied with, for example, a constant voltage VREF (a target voltage
or a reference voltage). The feedback capacitor C_FB1 and the switch element
SW_FBI are arranged in series on a first path that connects the inverting input terminal
("-" terminal in Fig. 5) and the output terminal of the differential amplifier Al. The
feedback capacitor C_FB2 and the switch element SW_FB2 are arranged in series on a
second path that connects the inverting input terminal and the output terminal of the
differential amplifier Al. The feedback capacitor C_FB3 and the switch element
SW_FB3 are arranged in series on a third path that connects the inverting input
terminal and the output terminal of the differential amplifier Al. In addition, the switch
element SW_RES is arranged in series on a fourth path that connects the inverting
input terminal and the output terminal of the differential amplifier Al. Note that the
above-described first to fourth paths have a relationship in which they are parallel to
each other.

Each signal amplification unit 131 includes a plurality of operation modes having
different signal amplification ratios (gains) from each other and can change the signal
amplification ratio by controlling the switch elements SW_FB1 to SW_FB3. For
example, out of the switch elements SW_FB1 to SW_FB3, the signal amplification
ratio of each signal amplification unit 131 increases in the order when the switch
element SW_FBI1 is set to an electrically conductive state, when the switch element
SW_FB2 is set to an electrically conductive state, and when the switch element
SW_FB3 is set to an electrically conductive state. In addition, each signal ampli-
fication unit 131 can be initialized by setting the switch element SW_RES in an elec-
trically conductive state.

Note that, although an example in which one ratio out of three signal amplification
ratios is selected has been shown here, but the number of selectable signal ampli-
fication ratios can be two or may be four or more. In addition, another signal ampli-
fication ratio can be set by selectively setting at least two switch elements out of the
switch elements SW_FB1 to SW_FB3 in an electrically conductive state.

Each sampling unit 132 includes, for example, a resistance element RO, sampling
switch elements SW_SH1 and SW_SH2, sampling capacitors C_SHI1 and C_SH2, and

a multiplexer MUX. The resistance element RO forms a part of the low-pass filter to
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[0060]

[0061]

block a high frequency component signal (noise). The switch element SW_SH1
connects the resistance element RO and the sampling capacitor C_SH1. The switch
element SW_SHI1 and the sampling capacitor C_SHI1 sample a signal (a signal (S
signal) equivalent to the signal component) from the corresponding signal ampli-
fication unit 131. More specifically, the sampling capacitor C_SHI is charged with a
voltage corresponding to the signal from the corresponding signal amplification unit
131 when the switch element SW_SHI is set to an electrically conductive state. Then,
the voltage becomes fixed to the sampling capacitor C_SH1 when the switch element
SW_SHI is subsequently set to a non-conductive state. The switch element SW_SH2
and the sampling capacitor C_SH2 perform the same operation as the switch element
SW_SHI1 and the sampling capacitor C_SHI and sample a signal (a signal (N signal)
equivalent to the noise component) from the corresponding signal amplification unit
131. The multiplexer MUX transfers the sampled signal (described above) to the
output unit 134 based on the control signal from the scanning circuit 133.

The output unit 134 includes a differential amplifier A2 and an A/D converter ADC.
The differential amplifier A2 amplifies the difference between the S signal and the N
signal transferred by the multiplexer MUX. The A/D converter ADC A/D converts
each signal from the differential amplifier A2 based on the aforementioned clock
signal ADC_CLK.

Fig. 6 is a flowchart showing an example of the AEC operation during the accu-
mulation/monitoring operation OP3. In step S100 (to be simply referred to as "S100"
hereinafter; this applies to other steps), the start of radiation irradiation is requested,
that is, the exposure permission signal to be output to the radiation control unit 300 is
set to H level.

In S110, it is determined whether the monitoring values a have reached a reference
value Al. If a = Al, the process advances to S115. If a < A1, the process advances to
S120. The reference value Al corresponds to the output saturation value Ssyr described
with reference to Fig. 4. In S115, the signal amplification ratios of the respective signal
amplification units 131 are lowered by one level by controlling the corresponding
switch elements SW_FB1 to SW_FB3 which were described with reference to Fig. 5,
and the process returns to S110. Furthermore, in S115, the user may be notified of the
saturation of monitoring value a. The processes of S110 and S115 attempt to prevent
the monitoring values a from being saturated.

When changing the signal amplification ratio of each signal amplification unit 131,
the calculated value Da which is the accumulated value of the monitoring values a can
be corrected based on the changed signal amplification ratio. If the signal amplification
ratio is changed, a signal value amplified by a signal amplification ratio different from

a previous ratio will be subsequently added to the calculated value Da that has been
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obtained up to that point. Therefore, the calculated value Da that has been obtained
before the change can be, for example, corrected based on a ratio between the pre-
change signal amplification ratio and the post-change signal amplification ratio. This
can be applied in the same manner when the signal amplification ratio of each signal
amplification unit 131 is to be changed in other steps to be described later.

In S120, it is determined whether monitoring value a has reached a reference value
A2 (< Al). If a 2 A2, the process advances to S125. If a < A2, the process advances
to S130. The reference value A2 indicates the first warning level that there is pos-
sibility that the monitoring value a may become saturated. In S125, the signal ampli-
fication ratio of each signal amplification unit 131 is decreased by one level by con-
trolling the corresponding switch elements SW_FB1 to SW_FB3, and the process
returns to S120. The possibility that the monitoring value a will become saturated is
reduced by the processes of S120 and S125.

For example, in a case where the intensity of radiation is comparatively high, the
radiation dose can be considered to reach its target value in a comparatively short
amount of time since the start of radiation irradiation. On the other hand, however,
there is a possibility that the monitoring value a will become saturated in this com-
paratively short amount of time. Hence, the signal amplification ratio of each signal
amplification unit 131 is preferably set low in the corresponding periods immediately
before and after radiation irradiation is started by the processes of the above-described
S110to S125.

In S130, it is determined whether the intensity of radiation has stabilized (whether it
has become a steady state). If the intensity of radiation has stabilized, the process
advances to S140. Otherwise, the process returns to S120. The determination can be
performed based on whether the change amount of the monitoring value a (more
specifically, the difference between the monitoring value a from a monitoring
operation performed at a given timing and the monitoring value a from a monitoring
operation performed at a subsequent timing) has become less than a predetermined
amount.

In S140, the signal amplification ratio of each signal amplification unit 131 is
increased by one level by controlling the switch elements SW_FB1 to SW_FB3, and
the process advances to S150. As described with reference to Fig. 4, the signal
component SA is much smaller than the crosstalk component SC. Hence, the detection
accuracy of the signal component SA can be made higher by increasing the signal am-
plification ratio by this process.

In S150, it is determined whether the monitoring value a is less than a reference
value A3 (< A2). If a = A3, the process advances to S160. If a < A3, the process

advances to S155. The reference value A3 indicates, for example, the second warning
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[0070]

level that there is a possibility that the monitoring value a will be smaller than the noise
component. In S155, the signal amplification ratio of each signal amplification unit

131 is increased by one level by controlling the switch elements SW_FB1 to SW_FB3,
and the process returns to S150. The processes of S150 and S155 can prevent the
monitoring value a from not being properly obtained due to the noise component,
thereby preventing a reduction in the accuracy of AEC.

In S160, it is determined whether the calculated value Da has reached the reference
value Dyy. If Da 2 Dyy, the process advances to S170. If Da < Dy, the process returns
to S150. In this embodiment, for example, if the signal amplification ratio of each
signal amplification unit 131 has been changed in the above-described S115, S125,
5140, and S155, the reference value Dry is changed based on the changed signal ampli-
fication ratio or set to a value corresponding to the changed signal amplification ratio.
In S170, the end or stop of radiation irradiation is requested, that is, the exposure
permission signal output to the radiation control unit 300 is set to L level.

Note that the AEC operation according to the present invention is not limited to the
example of the above-described flowchart and can be partially changed without
departing from the spirit or scope of the present invention. For example, some of the
above-described steps may be omitted or other steps may be added as needed.

Fig. 7 is a timing chart showing an example of the AEC operation according to the
present invention. The embodiment differs from that of the reference example (refer to
Fig. 3) in the point that the accumulation/monitoring operation OP3 is performed by
changing the signal amplification ratio of each signal amplification unit 131 so the
monitoring value a will not be saturated.

"CNT_GAIN1" to "CNT_GAIN3" in Fig. 7 correspond to the switch elements
SW_FB1 to SW_FB3, respectively. For example, when the control signal
CNT_GAINI is set to H level, the switch element SW_FB1 is set to an electrically
conductive state, and a first signal amplification ratio which is the lowest signal ampli-
fication ratio of the embodiment is set. When the control signal CNT_GAIN?2 is set to
H level, a second signal amplification ratio which is higher than the above-described
first signal amplification ratio is set. Additionally, when the control signal
CNT_GAINS3 is set to H level, a third signal amplification ratio which is the highest
signal amplification ratio of the embodiment is set as the signal amplification ratio.
Referring to Fig. 7, at times t70 and t71, the control signal CNT_GAINTI is set to H
level, and the first signal amplification ratio is set. At times t71 and t72, the control
signal CNT_GAIN?2 is set to H level, and the second signal amplification is set. Addi-
tionally, at time t72 and t73, the control signal CNT_GAIN3 is set to H level, and the
third signal amplification ratio is set. Although the example of Fig. 7 shows a mode in

which the signal amplification ratio is gradually increased after radiation irradiation is
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started, the signal amplification ratio can be decreased as needed in accordance with
the example of the flowchart of Fig. 6.

As shown in Fig. 7, at times t71 and t72 which are timings that the signal ampli-
fication ratio is changed, the calculated value Da can be corrected based on the
changed signal amplification ratio. This is because, as mentioned above, when the
signal amplification is changed, signal values that have been amplified by a signal am-
plification ratio different from a prior ratio are accumulated on the calculated value Da
obtained up to that point.

According to the embodiment, the accumulation/monitoring operation OP3 is
performed by changing the signal amplification ratio of each signal amplification unit
131 so the monitoring value a will not be saturated. When the signal amplification ratio
is changed, the calculated value Da is corrected based on the changed signal ampli-
fication ratio. Hence, according to the embodiment, the comparison between the
calculated value Da and the reference value Dy can be properly performed, and
radiation irradiation can be properly ended when the comparison result is Da = Dry,.
Therefore, the embodiment is advantageous in increasing the accuracy of AEC.

Although a mode in which AEC is performed by using the calculated value Da which
is the accumulated value of the monitoring values a has been considered above, it is
possible to partially change and combine the mode without departing from the scope
and spirit of the invention. For example, AEC can be performed by using a result
obtained by accumulating only some of the monitoring values a. More specifically,
only some of the mth row sensors PX can be made to function as monitoring sensors,
that is, only some of the signals out of the signals of the mth row sensors PX can be
adopted as the monitoring values a. In another example, AEC can be performed by
causing the sensors PX of two or more rows including the mth row and another row to
function as the monitoring sensors. In yet another example, AEC can be performed by
causing only some of the sensors PX corresponding to a portion, out of a region on a
sensor array 110, where the radiation does not pass through an object to be examined
(or a portion having a high likelihood that the radiation will not pass) or another
portion of interest to a user to function as the monitoring sensors. Furthermore, in
another example, a component corresponding to the signal component SA out of the
monitoring value a can be calculated, and AEC can be performed by using a result
obtained by accumulating the calculated components. Alternatively, AEC can be
performed by combining these examples.

In addition, although the above description has paid attention to the occurrence of
crosstalk during the accumulation/monitoring operation OP3, the present invention can
be applied to increase the accuracy of AEC by preventing the output saturation of the

readout unit 130 that could occur due to other reasons.
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Furthermore, although the embodiment of the present invention has been described
by using the calculated value Da, which is an accumulated value of the monitoring
values a, for the sake of comparison with the aforementioned reference example, the
embodiment may be implemented by a more generalized mode. That is, the calculated
value Da can be calculated by being converted into a value that can be directly
compared with the target value of the radiation dose or a value corresponding to the
target value. In this case, the calculated value Da can be obtained by performing
weighted addition to the monitoring value a based on the signal amplification ratio of
each signal amplification unit 131 and accumulating the monitoring values a in con-
sideration of the signal amplification ratio. Additionally, in this case, the reference
value Dyy can be a predetermined value (a target value of the radiation dose or a corre-
sponding fixed value) regardless of the signal amplification ratio.

The present invention is not limited to the above described embodiments and their
modifications, and the embodiments may be partially changed without departing from
the scope or spirit of the present invention. For example, although each of the above-
described embodiments referred to a so-called "indirect conversion type" arrangement
which converts the radiation into light by a scintillator and converts the converted light
into an electrical signal by a sensor, the present invention can also be applied to a so-
called "direct conversion type" arrangement which directly converts the radiation into
an electrical signal.

Embodiment(s) of the present invention can also be realized by a computer of a
system or apparatus that reads out and executes computer executable instructions (e.g.,
one or more programs) recorded on a storage medium (which may also be referred to
more fully as a 'non-transitory computer-readable storage medium') to perform the
functions of one or more of the above-described embodiment(s) and/or that includes
one or more circuits (e.g., application specific integrated circuit (ASIC)) for
performing the functions of one or more of the above-described embodiment(s), and by
a method performed by the computer of the system or apparatus by, for example,
reading out and executing the computer executable instructions from the storage
medium to perform the functions of one or more of the above-described em-
bodiment(s) and/or controlling the one or more circuits to perform the functions of one
or more of the above-described embodiment(s). The computer may comprise one or
more processors (€.g., central processing unit (CPU), micro processing unit (MPU))
and may include a network of separate computers or separate processors to read out
and execute the computer executable instructions. The computer executable in-
structions may be provided to the computer, for example, from a network or the
storage medium. The storage medium may include, for example, one or more of a hard

disk, a random-access memory (RAM), a read only memory (ROM), a storage of dis-



17

WO 2017/002301 PCT/JP2016/002573

tributed computing systems, an optical disk (such as a compact disc (CD), digital
versatile disc (DVD), or Blu-ray Disc (BD)™), a flash memory device, a memory card,
and the like.

[0078]  While the present invention has been described with reference to exemplary em-
bodiments, it is to be understood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims is to be accorded the
broadest interpretation so as to encompass all such modifications and equivalent
structures and functions.

[0079]  This application claims the benefit of Japanese Patent Application No. 2015-133921,
filed July 2, 2015, which is hereby incorporated by reference herein in its entirety.
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Claims

A radiation imaging apparatus that includes a plurality of sensors
arrayed on a substrate, a drive unit, a readout unit, and a control unit,
wherein the control unit performs

a first control of reading out by the readout unit, after radiation ir-
radiation is started to the plurality of sensors, signals from some of the
sensors which have been driven out of the plurality of sensors by
driving the some of the sensors by the driving unit, and

a second control of outputting a control signal to end radiation ir-
radiation when a calculated value calculated based on an output of the
readout unit in the first control reaches a reference value,

operation modes of the readout unit include a plurality of modes having
different signal amplification ratios from each other, and

the control unit

reads out, in the first control, the signals from the some of the sensors
by changing an operation mode of the readout unit so a value of an
output of the readout unit is not saturated, and

calculates, in the second control, the calculated value as a value that
indicates a radiation dose by accumulating the output of the readout
unit in consideration of the signal amplification ratio of the readout
unit.

The apparatus according to claim 1, wherein the control unit further
performs, after radiation irradiation is ended by the second control, a
third control of reading out, by the readout unit, signals from the
plurality of sensors.

The apparatus according to claim 1, wherein in the first control, the
control unit changes, when the value of the output of the readout unit is
larger than a first reference value, the operation mode of the readout
unit so as to set a lower signal amplification ratio than the signal ampli-
fication ratio of the readout unit at that time, and

changes, when the value of the output of the readout unit is smaller
than a second reference value which is a reference value smaller than
the first reference value, the operation mode of the readout unit so as to
set a higher signal amplification ratio than the signal amplification ratio
of the readout unit at that time.

The apparatus according to claim 3, wherein in the first control, the

control unit changes, when the output of the readout unit is set to a
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steady state, the operation mode of the readout unit so as to set a higher
amplification ratio than the signal amplification ratio of the readout unit
at that time.

The apparatus according to claim 4, wherein in the first control, the
control unit changes, when an output change amount of the readout unit
becomes smaller than a predetermined amount, the operation mode of
the readout unit so as to set a higher signal amplification ratio than the
signal amplification ratio of the readout unit at that time.

The apparatus according to claim 1, wherein the reference value is a
value corresponding to a target value of the radiation dose.

The apparatus according to claim 1, wherein the plurality of sensors are
arrayed so as to form a plurality of rows and a plurality of columns,

the radiation imaging apparatus further includes a plurality of column
signal lines corresponding to the plurality of columns,

each sensor of each column includes a detecting element configured to
detect radiation and a transistor that connects the detecting element and
the column signal line corresponding to the column, and

the drive unit drives the plurality of sensors row by row by setting each
transistor corresponding to the sensor in an electrically conductive
state.

The apparatus according to claim 7, wherein the control unit performs,
after the start of radiation irradiation, the first control by setting the
transistor of each sensor arranged on some of the plurality of rows in an
electrically conductive state at a predetermined cycle.

The apparatus according to claim 1, wherein the readout unit includes a
differential amplifier, a first capacitor and a first switch element serially
arranged on a first path that connects an output terminal of the dif-
ferential amplifier and one input terminal, and a second capacitor and a
second switch element serially arranged on a second path different
from the first path and the second path connects the output terminal of
the differential amplifier and the one input terminal, and

the control unit changes the operation mode of the readout unit by con-
trolling the first switch element and the second switch element.

The apparatus according to claim 1, wherein the control unit outputs a
second control signal to start the radiation irradiation in response to a
user pressing an exposure switch, and

the control unit

reads out by the readout unit, after the exposure switch is pressed and
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before the second control signal is output, signals from the some of the
sensors as offset signals in a state in which the plurality of sensors are
not irradiated with radiation, and

offset correction is performed, in the first control, by using the offset
signals on the signals read out from the some of the sensors.

A control method of a radiation imaging apparatus that includes a
plurality of sensors arrayed on a substrate, a drive unit, a readout unit,
and a control unit, comprising:

reading out by the readout unit, after radiation irradiation is started to
the plurality of sensors, signals from some of the sensors which have
been driven out of the plurality of sensors by driving the some of the
sensors by the driving unit, and

outputting a control signal to end radiation irradiation when a
calculated value calculated based on an output of the readout unit in the
reading out reaches a reference value,

operation modes of the readout unit include a plurality of modes having
different signal amplification ratios from each other, and

in the reading out, signals from the some of the sensors are read out by
changing an operation mode of the readout unit so that a value of an
output of the readout unit is not saturated, and

in the outputting the control signal, the calculated value is calculated as
a value that indicates a radiation dose by accumulating the output of the
readout unit in consideration of the signal amplification ratio of the

readout unit.
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