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(57) ABSTRACT

A radiation 1maging apparatus includes a pixel array having
pixels including conversion elements and switching ele-
ments, a bias line for supplying a bias potential to the
conversion elements; driving lines for supplying a signal to
control the switching elements, a driving unit for performing
an 1nitialization operation of supplying a driving signal to
cach dniving line group, switching each driving signal from
an OFF voltage to an ON voltage, and then returning the
driving signal to the OFF wvoltage; an acquisition unit
configured to acquire a plurality of times in each driving
cycle a signal value representing a current flowing through
the bias line; a calculation unit configured to calculate
radiation information based on the signal values; and a
determination unit configured to determine whether 1rradia-

tion of the pixel array with radiation 1s present based on the
radiation information.
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RADIATION IMAGING APPARATUS AND
RADIATION IMAGING SYSTEM

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present disclosure relates to a radiation i1maging
apparatus and radiation imaging system.

2. Description of the Related Art

There has been proposed an arrangement in which a
radiation 1maging apparatus detects the presence/absence of
irradiation with radiation to synchromize a radiation gener-
ating apparatus and the radiation 1maging apparatus. Japa-
nese Patent Laid-Open No. 2002-543684 has proposed a
radiation 1maging apparatus which detects the presence/
absence of irradiation with radiation by using the fact that
when the radiation imaging apparatus 1s irradiated with
radiation, a current flows through a bias line which supplies
a bias potential to pixels. More specifically, when a current
flowing through the bias line exceeds a predetermined
threshold, it 1s determined that the radiation 1imaging appa-
ratus has been irradiated with radiation. In addition to a
current arising from radiation, a noise current flows through
the bias line owing to various factors. When the noise
current 1s large, 1t may be erroneously detected that the
radiation 1maging apparatus has been irradiated with radia-
tion though 1t 1s not actually irradiated with radiation. To
prevent the detection error, 1n the above-mentioned refer-
ence, a sample and hold circuit 1s arranged to hold a dark
current flowing through the bias line. A value obtained by
subtracting the held dark current from a current flowing
through the bias line at a certain time point 1s compared with

a threshold.

SUMMARY OF THE INVENTION

According to an embodiment, a radiation 1maging appa-
ratus comprises: a pixel array having a plurality of pixels
arranged 1n a plurality of rows and a plurality of columuns,
cach pixel including a conversion element for accumulating
charge in accordance with radiation and a switching element
for connecting the conversion element to a signal line; a bias
line for supplying a bias potential to the conversion elements
of the plurality of pixels; a plurality of driving lines for
supplying a driving signal to control the switching elements
of the plurality of pixels; a driving unit for performing at
least once an 1nitialization operation comprising supplying a
driving signal to each of a plurality of dnving line groups
cach group including at least one driving line, switching
cach driving signal from an OFF voltage at which the
switching element 1s turned off, to an ON voltage at which
the switching element 1s turned on, and then returning the
driving signal to the OFF wvoltage; an acquisition unit
configured to acquire a plurality of times 1n each drniving
cycle a signal value representing a current flowing through
the bias line, the driving cycle being a time duration from the
time when a driving signal to a particular driving line group
1s switched to the ON voltage to the time when a driving
signal to a next driving line group 1s switched to the ON
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voltage; a calculation unit configured to calculate radiation
information based on a plurality of acquired signal values;
and a determination unit configured to determine whether
irradiation of the pixel array with radiation 1s present based
on the calculated radiation information.

Further features of the present mvention will become
apparent from the following description of exemplary
embodiments (with reference to the attached drawings).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a circuit diagram for explaining an example of
the arrangement of a radiation 1imaging apparatus according
to some embodiments;

FIG. 2 1s a circuit diagram for explaining an example of
the arrangement of a detection circuit 1n FIG. 1;

FIG. 3 1s a flowchart for explaining an example of the
operation of the radiation imaging apparatus 1n FIG. 1;

FIG. 4 1s a timing chart for explaining an example of the
operation of the radiation 1maging apparatus in FIG. 1;

FIG. 5 1s a timing chart for explaining an example of the
detailed operation of the radiation imaging apparatus 1n FIG.
1

FIG. 6 1s a timing chart for explaining an example of the
detailed operation of the radiation imaging apparatus 1n FIG.
1

FIG. 7 1s a graph for explaiming the effects of the example
of the detailed operation of the radiation imaging apparatus

in FIG. 1;

FIG. 8 1s a timing chart for explaining another example of
the detailed operation of the radiation 1imaging apparatus in

FIG. 1;
FIG. 9 1s a graph for explaining the effects of the other
example of the detailed operation of the radiation 1maging

apparatus i FIG. 1;
FIG. 10 1s a timing chart for explaining still another

example of the detailed operation of the radiation 1imaging

apparatus in FIG. 1;

FIG. 11 1s a graph for explaining the effects of the still
other example of the detailed operation of the radiation
imaging apparatus n FIG. 1;

FIG. 12 1s a timing chart for explaiming still another
example of the detailed operation of the radiation 1maging
apparatus i FIG. 1;

FIG. 13 1s a timing chart for explaining still another
example of the detailed operation of the radiation 1maging
apparatus i FIG. 1;

FIG. 14 1s a timing chart for explaining still another
example of the detailed operation of the radiation 1maging
apparatus i FIG. 1;

FIG. 15 1s a timing chart for explaining still another
example of the detailed operation of the radiation 1maging
apparatus in FIG. 1;

FIG. 16 1s a timing chart for explaiming still another
example of the detailed operation of the radiation 1maging
apparatus i FIG. 1;

FIG. 17 1s a timing chart for explaining another example
of the operation of the radiation imaging apparatus 1n FIG.
1,

FIG. 18 15 a circuit diagram for explaiming an example of
the arrangement of a radiation 1imaging apparatus according
to some other embodiments:

FIG. 19 15 a circuit diagram for explaiming an example of
the arrangement of a radiation 1maging apparatus according
to some other embodiments;
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FIG. 20 1s a flowchart for explaining an example of the
operation ol a radiation i1maging apparatus according to

some other embodiments;

FIG. 21 1s a circuit diagram for explaining an example of
the arrangement of the integrating circuit of the radiation
imaging apparatus in FIGS. 18; and

FIG. 22 1s a view for explaining the arrangement of a
radiation 1maging system according to some other embodi-
ments.

DESCRIPTION OF TH.

EMBODIMENTS

(L.
1]

The method of subtracting a dark current, as proposed in
Japanese Patent Laid-Open No. 2002-543684, can reduce
only noise of a very low frequency component (for example,
1 Hz or lower), like the temperature drift of a bias current.
Thus, this method cannot cope with a detection error gen-
erated by noise (50 to 60 Hz) mixed from a commercial
power supply or noise (several Hz to several kHz) generated
when a pressure or shock 1s applied to a housing. One aspect
of the present invention therefore provides a technique for
suppressing a detection error in determination of whether a
radiation 1maging apparatus has been irradiated with radia-
tion.

Embodiments of the present invention will be described
below with reference to the accompanying drawings. The
same reference numerals denote the same parts throughout
various embodiments, and a repetitive description thereof
will be omitted. The embodiments can be appropnately
changed and combined.

The overall arrangement of a radiation 1maging apparatus
100 according to some embodiments of the present mnven-
tion will be explained with reference to FIG. 1. The radiation
imaging apparatus 100 1s configured to capture an image
tformed by radiation. The image can be formed by radiation
which has been emitted by a radiation source (not shown)
and has passed through an object. The radiation can be, for
example, an X-ray, a.-ray, 3-ray, or y-ray.

The radiation imaging apparatus 100 includes a pixel
array 101, driving circuit (driving unit) 102, readout circuit
103, detection circuit 120, reference bias potential genera-
tion circuit 126, control unit 106, calculation unit 130, and
determination unit 131. In addition, the radiation 1maging
apparatus 100 can 1nclude a signal processing unit (proces-
sor) 105.

The pixel array 101 includes a plurality of pixels PIX
which are arranged two-dimensionally to constitute a plu-
rality of rows and a plurality of columns. In an example
shown 1n FIG. 1, the pixels PIX are arranged to constitute
three rows and three columns. In practice, a larger number
of pixels PIX are arranged to constitute a larger number of
rows and a larger number of columns. For example, for a
1’7-1inch radiation 1maging apparatus, pixels of about 2,800
rows and about 2,800 columns are arranged. Each pixel PIX
includes a conversion element 201 which converts radiation
or light mnto charges, and a switching element T which
outputs an electrical signal corresponding to the charges to
a signal line Sig. The pixel PIX 1s configured to detect
radiation.

The conversion element 201 can be, for example, an
indirect conversion element including a photoelectric con-
version element S which converts light into charges, and a
wavelength converter (scintillator) which converts radiation
into light of a wavelength detectable by the photoelectric
conversion element. Alternatively, the conversion element
201 can be a direct conversion element which directly
converts radiation 1nto charges. The photoelectric conver-
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sion element S can be, for example, a PIN photodiode which
1s mainly made of amorphous silicon and arranged on an
insulating substrate such as a glass substrate. When the
photoelectric conversion element of the conversion element
201 1s a PIN photodiode, the conversion element 201 can
have a capacitor Cs.

The switching element T can be a transistor having a
control terminal and two main terminals, for example, a thin
film transistor (ITFT). One electrode of the conversion ele-
ment 201 1s electrically connected to one of the two main
terminals of the switching element T. The other electrode of
the conversion element 201 1s electrically connected to a
common bias line Vs. The detection circuit 120 supplies a
bias potential VVs to the bias line Vs.

The control terminal (gate) of the switching element T 1s
connected to a driving line G which 1s driven by the driving
circuit 102. The driving circuit 102 drives, to the active
level, the driving line G of a row to be selected 1n the pixel
array 101. When an active-level driving signal 1s supplied to
the gates of the switching elements T via the driving line G,
the switching element T 1s turned on. In response to this,
signals corresponding to charges accumulated 1n the con-
version elements 201 of the pixels PIX on the selected row
are output 1n parallel to a plurality of signal lines Sig.

The readout circuit 103 reads out the signals output to the
signal lines Sig. The readout circuit 103 1ncludes a plurality
of amplifier circuits 207 and a multiplexer 208. The ampli-
fier circuits 207 are arranged so that one amplifier circuit 207
corresponds to one signal line Sig. The amplifier circuits 207
amplily 1n parallel the signals output 1n parallel from the
pixels PIX on the selected row to the plurality of signal lines
S1g.

Each amplifier circuit 207 can include, for example, an
integrating amplifier 203, a varniable amplifier 204 which
amplifies a signal from the integrating amplifier 203, a
sample and hold circuit 205 which samples and holds a
signal from the variable amplifier 204, and a builer amplifier
206. The integrating amplifier 203 can 1nclude, for example,
an operational amplifier which amplifies a diflerence
between a signal output to the signal line Sig and a reference
potential Vrefl from a reference power supply 107, an
integrating capacitor, and a reset switch. The amplification
factor of the integrating amplifier 203 can be changed by
changing the value of the integrating capacitor. The invert-
ing put terminal of the operational amplifier receives a
signal output to the signal line Sig, its non-inverting 1nput
terminal receives the reference voltage Vrefl from the
reference power supply 107, and 1ts output terminal 1s
connected to the input terminal of the variable amplifier 204.
The integrating capacitor and reset switch are parallel-
connected between the inverting input terminal and output
terminal of the operational amplifier. The sample and hold
circuit 205 can be constructed by, for example, a sampling
switch and sampling capacitor.

The multiplexer 208 sequentially selects and outputs, 1n
parallel, signals read out from the plurality of amplifier
circuits 207 corresponding to the respective signal lines Sig.
The readout circuit 103 can include a buffer amplifier 209
which buflers a signal from the multiplexer 208. The bufler
amplifier 209 can function as an impedance converter. The
readout circuit 103 can include an A/D converter 210. For
example, the A/D converter 210 can be arranged to convert
an analog signal output from the bufler amplifier 209 into a
digital signal.

A signal output from the readout circuit 103 can be
provided to the signal processing unit 105. The signal
processing unit 105 can be configured to process a signal
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output from the readout circuit 103 and supply 1t to a
computer 108. The signal processing unit 105 may be
incorporated 1n the radiation imaging apparatus 100, as
shown 1 FIG. 1, or provided as an external apparatus
outside the radiation 1maging apparatus 100.

The control unit 106 controls the overall operation of the
radiation imaging apparatus 100 and generates, for example,
a control signal for controlling the driving circuit 102 and a
control signal for controlling the readout circuit 103. FIG. 1
does not show lines representing connections from the
control unit 106 to the respective circuits. In accordance
with a control signal from the control unit 106, the driving,
circuit 102 turns on the switching elements T of the pixels
PIX on a row from which signals should be read out. Control
signals for controlling the readout circuit 103 can include,
for example, a reset signal RC, sample and hold signal SH,
and clock signal CLK. The reset signal RC 1s a signal which
controls the reset switch of the integrating amplifier 203.
The sample and hold signal SH 1s a signal which controls the
sample and hold circuit 205. The clock signal CLK 1s a
signal which controls the multiplexer 208.

The detection circuit 120 will be explained with reference
to FIG. 2. The detection circuit 120 detects a current (to be
referred to as a bias current hereinaiter) tflowing through the
bias line Vs, and provides, to the calculation unit 130, a bias
current signal VSD representing this current. That 1s, the
detection circuit 120 can function as an acquisition unit
which acquires the bias current signal VSD. The detection
circuit 120 can include, for example, a current-to-voltage
conversion amplifier 310, voltage amplifier 320, filter circuit
330, and A/D converter 340. The current-to-voltage conver-
sion amplifier 310 converts a current flowing through the
bias line Vs into a voltage. The voltage amplifier 320
amplifies a signal (voltage signal) output from the current-
to-voltage conversion amplifier 310. The voltage amplifier
320 can be constructed by, for example, an instrumentation
amplifier. The filter circuit 330 1s a filter which limits the
band of a signal output from the voltage amplifier 320, and
can be, for example, a low-pass filter. The A/D converter 340
supplies, to the calculation unit 130, the bias current signal
VSD obtained by converting a signal (analog signal) output
from the filter circuit 330 into a digital signal value.

The detection circuit 120, more specifically, the current-
to-voltage conversion amplifier 310 detects a current tlow-
ing through the bias line Vs, and supplies, to the bias line Vs,
a potential corresponding to a reference bias potential
Vs_ret supplied from the reference bias potential generation
circuit 126. The current-to-voltage conversion amplifier 310
can be a transimpedance amplifier. The current-to-voltage
conversion amplifier 310 includes, for example, an opera-
tional amplifier 311, and a feedback path 312 which 1s
interposed between the mnverting mput terminal (second
input terminal) and output terminal of the operational ampli-
fier 311. The non-nverting input terminal (first input termi-
nal) of the operational amplifier 311 receives the reference
bias potential Vs_rel. The feedback path of the operational
amplifier 311 can include the first path on which the mvert-
ing input terminal and output terminal are shorted by a
resistor R1l, the second path on which the mverting input
terminal and output terminal are shorted by a resistor Ri2,
and the third path on which the imnverting input terminal and
output terminal are shorted by a conductive line CL.

A phase compensating capacitor Cil can be parallel-
connected to the resistor R11. A phase compensating capaci-
tor Ci2 can be parallel-connected to the resistor Ri2. The
phase compensating capacitors Cil and C12 are effective for
preventing, for example, oscillation of the current-to-voltage
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conversion amplifier 310. A switch SWC can be series-
inserted in the path including the resistor R12. A switch SWB
can be series-inserted in the path constructed by the con-
ductive line CL.

The control unit 106 controls the feedback impedance by
supplying a control signal VSX to the detection circuit 120
to select a path to be enabled from a plurality of paths
including the first, second, and third paths. When the switch
SWB is closed, the third path constructed by the conductive
line CL 1s enabled, and the first path including the resistor
Ril and the second path including the resistor Ri2 are
disabled. When the switch SWB 1s opened and the switch
SWC 1s closed, the third path 1s disabled, and the first and
second paths are enabled.

A switch SWA and resistor R may be series-interposed
between the inverting input terminal of the operational
amplifier 311 and ground. A capacitor C may be interposed
between the inverting input terminal of the operational

amplifier 311 and ground. The current-to-voltage conversion
amplifier 310 has the feedback path 312 and functions to

generate, at the inverting mput terminal (second put ter-
minal) of the operational amplifier 311, a potential corre-
sponding to the reference bias potential Vs_ref supplied to
its non-nverting mmput terminal (first input terminal). More
specifically, the current-to-voltage conversion amplifier 310
functions to generate, at the inverting input terminal of a
differential amplifier circuit 211, almost the same potential
as the reference bias potential Vs_rel supplied to 1ts non-
inverting mput terminal. The control umt 106 controls the
impedance (to be referred to as feedback impedance here-
inafter) of the feedback path 312 of the current-to-voltage
conversion amplifier 310.

A high feedback impedance means a large gain of the
current-to-voltage conversion amplifier 310. When the feed-
back impedance 1s high, it limits the magnitude of a bias
current I'Vs, and the potential of the bias line Vs may become
unstable. To prevent this, the feedback impedance 1s con-
trolled 1n accordance with the operation of the radiation
imaging apparatus 100 such as a detection operation of
detecting 1rradiation of the pixel array 101 with radiation,
and an operation of reading out a signal from the pixel PIX.
This will be explained 1n more detail.

In the embodiment, the calculation unit 130 calculates
radiation iformation based on an output from the detection
circuit 120, that 1s, the bias current signal VSD. Based on the
radiation information, the determination unit 131 detects the
start of 1rradiation of the pixel array 101 with radiation. In
response to the detection, the control unit 106 controls the
charge accumulation operation by the plurality of pixels
PIX. That 1s, to quickly detect the start of 1rradiation of the
pixel array 101 with radiation, the detection circuit 120
needs to detect, at high sensitivity, a current flowing through
the bias line Vs. For this purpose, the feedback impedance
1s 1increased 1n the detection operation of detecting 1rradia-
tion of the pixel array 101 with radiation.

In contrast, i1f the feedback impedance 1s high when
transferring charges accumulated in the capacitor Cs of the
conversion clement 201 to the signal line Sig wvia the
switching element T, current supply via the bias line Vs to
a second electrode s2 of the conversion element 201
becomes slow. Especially when radiation entering the pixel
array 101 1s locally strong, noise 1s readily generated 1n a
captured 1mage owing to a delay of current supply via the
bias line Vs to the second electrode s2 of the conversion
clement 201. To prevent this, when transferring charges
accumulated in the capacitor Cs of the conversion element
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201 to the signal line Sig via the switching element T, the
teedback impedance 1s decreased.

The control unit 106 controls the feedback impedance so
that the feedback impedance 1n the detection operation of
detecting 1rradiation with radiation becomes higher than that
in the operation of reading out a signal from the pixel PIX.
A case 1n which the value of the resistor R12 1s smaller than
that of the resistor Rl will be exemplified. In this case,
when the second path 1including the resistor R12 1s selected,
the gain increases.

For example, the control unit 106 opens the switch SWB
in the detection operation of detecting irradiation with
radiation, and closes 1t in the operation of reading out a
signal from the pixel PIX. In this case, the state of the switch
SWC 1s arbitrary 1n both the detection operation of detecting
irradiation with radiation and the operation of reading out a
signal from the pixel PIX.

Instead, the control unit 106 opens the switch SWB and
closes the switch SWC 1n the detection operation of detect-
ing 1rradiation with radiation, and closes the switch SWB 1n
the operation of reading out a signal from the pixel PIX (the
switch SWC can be opened or closed because the switch
SWB 1s closed).

The switch SWA and resistor R are not essential. How-
ever, when the switch SWA and resistor R are arranged, the
switch SWA can be closed during the non-operating period
of the detection circuit 120, and opened in the detection
operation of detecting wrradiation with radiation. For
example, the non-operating period of the detection circuit
120 can be a period excluding the detection operation of
detecting 1rradiation with radiation, and an accumulation
operation and 1mage output operation (to be described later).
In the operation of reading out a signal from the pixel PIX,
the switch SWA may be closed or opened. At this time, the
value of the resistor R may be larger than those of the
resistors Ri1 and Ri2. For example, it 1s possible to set the
resistor R to be 10 k€2, the resistor Rl to be 1 k€2, and the
resistor R12 to be 1,050€2.

The voltage amplifier 320 can be constructed as a variable
gain amplifier. For example, the gain of the voltage amplifier
320 can be changed by opening or closing a switch SWD.

The operation of the radiation imaging apparatus 100
includes an itialization operation, accumulation operation,
and readout operation. The imitialization operation 1s an
operation of imtializing the plurality of pixels PIX of the
pixel array 101 for each row. The accumulation operation 1s
an operation of accumulating charges generated by 1rradia-
tion with radiation 1n each pixel PIX of the pixel array 101.
The readout operation 1s an operation of reading out, from
the pixel array 101, a signal corresponding to charges
accumulated 1 each pixel PIX of the pixel array 101 by
irradiation of the pixel array 101 with radiation, and out-
putting the signal as an 1mage (1mage signal).

The operation shifts from the initialization operation to
the accumulation operation when the determination unit 131
detects, based on an output from the detection circuit 120,
the start of 1rradiation of the radiation 1maging apparatus 100
with radiation. The operation shifts from the accumulation
operation to the readout operation in response to, for
example, the lapse of a predetermined time after the start of
the accumulation operation.

The operation of the radiation imaging apparatus 100 wall
be explained with reference to FIGS. 3 and 4. In step S310,
the control unit 106 starts the mnitialization operation. In the
initialization operation, the control unmit 106 repeats an
operation of changing the driving lines G to the active level
sequentially from the first to final rows, and changing the
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reset signal RC to the active level. When the reset signal RC
changes to the active level, the integrating amplifier 203
changes to the voltage follower state, and the reference
potential Vrefl 1s supplied to the signal line Sig. In this state,
the switches T on a row on which the driving line G has been
changed to the active level are turned on to 1mitialize charges
accumulated 1n the capacitors Cs of the conversion elements
201. In FIG. 4, Vg(0), Vg(1), Vg2), . . ., Vg(Ys),
Va(Ys+1), ..., Vg(Y-1) are driving signals supplied to the
driving lines G on the first to final rows of the pixel array
101. Y represents the number of rows of the pixel array 101,
that 1s, the number of driving lines G. An operation until an
active-level signal 1s supplied to the next driving line G after
the control unit 106 starts supplying an active-level signal to
one of the driving lines G will be called one initialization
operation. A period until an active-level signal 1s supplied
once to all the driving lines G will be called a frame. In the
example of FIG. 4, Y mitialization operations are performed
in one frame, and the pixels of one row are 1nitialized by one
initialization operation.

In the period of the mitialization operation, the detection
circuit 120 detects information correlated with the radiation
dose to the pixel array 101, and supplies a detection signal
corresponding to this information to the calculation unit 130.
In the embodiment, the detection circuit 120 detects the
current I_Vs flowing through the bias line Vs as information
correlated with the radiation dose to the pixel array 101, and
supplies, to the calculation unit 130, the bias current signal
VSD representing this current as a detection signal corre-
sponding to this information.

During the mmitialization operation, in step S320, the
determination unit 131 performs radiation detection process-
ing. More specifically, the calculation unit 130 calculates
radiation mformation based on the bias current signal VSD.
Based on the radiation information, the determination unit
131 determines whether irradiation of the pixel array 101
with radiation has been started. In the embodiment, the
determination umt 131 performs detection processing once
every initialization operation. Alternatively, the determina-
tion unit 131 may perform detection processing once every
plurality of initialization operations. In this case, the control
umt 106 sets the feedback impedance i the detection
operation of detecting irradiation with radiation, to be higher
than the feedback impedance 1n the operation of reading out
a signal from the pixel PIX.

The control unit 106 continues to repeat the mitialization
operation until the start of 1irradiation of the pixel array 101
with radiation 1s detected (step S370). If the start of 1rra-
diation of the pixel array 101 with radiation 1s detected (YES
in step S320), the control unit 106 starts the accumulation
operation 1n step S330. That 1s, 11 the start of 1rradiation with
radiation 1s detected (represented as “start of 1rradiation
detect” in FI1G. 4), the operation shifts from the mnitialization
operation to the accumulation operation. Details of the
detection processing in step S320 will be described later.

During the accumulation operation, 1 step S340, the
control unit 106 determines whether irradiation with radia-
tion has ended. The radiation end determination method 1s
not particularly limited. For example, when a predetermined
time has elapsed after the start of the accumulation opera-
tion, 1t can be determined that irradiation with radiation has
ended. Alternatively, the control unit 106 can detect the end
of 1irradiation of the pixel array 101 with radiation based on
the bias current signal VSD.

The control unit 106 continues the accumulation opera-
tion until 1t determines that irradiation of the pixel array 101
with radiation has ended (step S380). It the control unit 106
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determines that irradiation of the pixel array 101 with
radiation has ended (YES 1n step S340), 1t starts the readout
operation in step S350. That 1s, if 1t 1s determined that
irradiation with radiation has ended (represented as “end of
irradiation detected” 1n FIG. 4), the operation shifts from the
accumulation operation to the readout operation. In the
readout operation, signals are read out sequentially from
pixels on the first row of the pixel array 101 to pixels on the
final row.

FIG. 5 shows an example of the operation of the radiation
imaging apparatus 100 when attention 1s paid to the timing
to shift from the mitialization operation to the accumulation
operation. In FIG. 5, Vg(Ys-2), Vg(Ys-1), Vg(Ys), and
Vg(Ys+1) are driving signals supplied to the driving lines G
on the (Ys-2)th row to (Ys+1)th row of the pixel array 101.
In the embodiment, the switching element T 1s high active,
1s turned on when a high-level voltage (ON voltage) 1s
applied to the driving line G, and 1s turned ofl when a
low-level voltage (OFF voltage) 1s applied. Instead, the
switching element T may be low active.

The radiation imaging apparatus 100 can have the fol-
lowing features in regard to a bias current flowing through
the bias line Vs.

(1) Durning irradiation with radiation, a current propor-
tional to the radiation dose per unit time flows through the
bias line Vs. This current 1s represented as the “first signal™
in FIG. 5. This current flows by a larger amount when the
switching element T of the pixel PIX 1s ON, than when 1t 1s
OFF. In FIG. 5, however, the current 1s constant for sim-
plicity.

(2) When the switching element T of the pixel PIX
irradiated with radiation 1s turned on, a current proportional
to the amount of charges accumulated 1n the conversion
clement 201 of the pixel PIX until the switching element T
1s turned on flows through the bias line Vs. This current is
represented as the “second signal” 1 FIG. 5.

(3) When the ON/OFF state of the switching element T of
the pixel PIX 1s switched, a current tlows through the bias
line Vs. This current can be called switching noise.

(4) When a shock or magnetic field 1s applied to the
radiation 1maging apparatus 100, a current flows through the
bias line Vs. This current can be called external noise, and
1s represented as “external noise” 1n FIG. 5. For example, a
current of about 50 to 60 Hz can flow through the bias line
Vs under the influence of an electromagnetic field generated
by a commercial power supply. When a shock 1s applied to
the radiation 1maging apparatus 100, a current ol about
several Hz to several kHz can flow through the bias line Vs.

(3) Even 1f nerther a magnetic field nor shock 1s applied
to the radiation i1maging apparatus 100, a current flows
through the bias line Vs owing to an electromagnetic wave
generated by the radiation 1maging apparatus 100 1itself,
internal noise of the detection circuit 120, or the like. This
current can be called system noise. The “bias current” 1n
FIG. 5 represents that the first signal, second signal, and
external noise are constant over time. However, FIG. 5 only
conceptually shows the timings when the first signal, second
signal, and external noise appear, and the first signal, second
signal, and external noise may or may not, 1n fact, always be
constant over time.

To detect 1irradiation with radiation, more specifically, the
start of 1rradiation with radiation, the sample value of the
bias current signal VSD as a detection signal may be directly
used. However, 1n the embodiment, to reduce the influence
ol external noise under the intluence of a shock or magnetic
field or the like, the calculation unit 130 calculates radiation
information by processing a plurality of bias current signals
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VSD, and the determination unit 131 detects irradiation with
radiation based on the radiation information. For example,
when radiation information or the integral value of radiation
information exceeds a predetermined threshold, the deter-
mination unit 131 determines that irradiation with radiation
has been performed.

As shown 1n FIG. 5, T1 1s the drniving cycle of the driving
circuit 102. That 1s, the radiation 1maging apparatus 100
performs one 1nitialization operation 1n every time T1. In the
time TI, TH 1s the time (to be referred to as the ON time
hereinafter) when the driving circuit 102 supplies a high-
level driving signal, and TL 1s the time (to be referred to as
the OFF time heremaiter) when the dnving circuit 102
supplies a low-level driving signal. In the embodiment, the
control umt 106 controls the drniving circuit 102 to set
TH=TL. More specifically, at the same time as the start of
one 1nitialization operation, the driving circuit 102 switches
the driving signal of a certain driving line G from low level
to high level, returns 1t to low level upon the lapse of the
time TH, and starts the next initialization operation upon the
lapse of the time TL of the same duration. For example,
TH=TL=16 psec can be set. TS 1s the sampling cycle of the
A/D converter 340 of the detection circuit 120. In this case,
the detection circuit 120 supplies one sample value of the
bias current signal VSD to the calculation unit 130 in every
time TS. As shown in FIG. 5§, in the embodiment, the
detection circuit 120 performs sampling to set TH=TL=TS.
In this case, the detection circuit 120 outputs two sample
values of the bias current signal VSD 1n every mnitialization
operation. A sample value output from the detection circuit
120 when the switching element T of the pixel PIX 1s ON
will be called an eflective value S. A sample value output
from the detection circuit 120 when the switching element T
of the pixel PIX 1s OFF will be called a noise value N. The
calculation unit 130 can reduce external noise by calculating
the difference between the eflective value S and the noise
value N, and can extract only the second signal as radiation
information.

Since external noise varies over time, the calculation unit
130 may calculate a radiation signal by using an effective
value S and noise value N which have been sampled at close
times. For example, S(y) and N(y) are an eflective value S
and noise value N output 1n the yth (v 1s an arbitrary natural
number) mitialization operation, respectively. X(y) 1s radia-
tion 1information used by the determination unit 131 1n step
S320 (FIG. 3) to detect irradiation with radiation 1n the yth
initialization operation. In this case, the calculation unit 130
can calculate X(y) as per:

X(y)=S{y)-N(y) (1)

X(y)=S(y)-N{y-1) (2)

X(y)=S(y)—-{N(y)+N(y-1)}/2 (3)

Equations (1) to (3) mean calculation of the difference
between a bias current signal VSD (detection signal) when
the switching element T 1s ON, and a bias current signal
VSD (detection signal) when the switching element T 1s
OFF.

In this specification, the method of reducing external
noise 1n the above-described way will be called CDS (Cor-
related Double Sampling). The CDS calculation 1s not
limited to the above-described calculation method. For
example, the calculation unit 130 may calculate X(y) by
using sample values not adjacent to each other, such as
S(y—1) and N(y-2). The calculation unit 130 may calculate
radiation information after performing another arithmetical
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operation and differentiation/integration for a plurality of
sample values of the bias current signal VSD. As S(y) and
N(v) 1n the yth sampling, the sum of a plurality of sample
values obtained by performing sampling a plurality of times
(for example, eight times) 1n this period may be used.

Next, another example of the operation of the radiation
imaging apparatus 100 when attention 1s paid to the timing
to shift from the mitialization operation to the accumulation
operation will be explained with reference to FIG. 6. The
example of FIG. 6 1s different from the example of FIG. 5
in the sampling cycle TS of the A/D converter 340 of the
detection circuit 120. The remaining points can be the same
as those 1n the example of FIG. 5, and a repetitive descrip-
tion thereof will be omitted. In the example of FIG. 6, the
sampling cycle TS of the A/D converter 340 1s set to be
shorter than %2 of the driving cycle 11 of the driving circuit
102. The sample value of the bias current signal VSD
sampled 1n the second half of the ON time TH 1s defined as
the eflective value S. The sample value of the bias current
signal VSD sampled 1n the first half of the OFF time TL 1s
defined as the noise value N. Similar to the example of FIG.
5, S(y) and N(y) are an eflective value S and noise value N
output 1n the yth mitialization operation, respectively. X(y)
1s radiation information used by the determination unit 131
in step S320 (FIG. 3) to detect irradiation with radiation 1n
the yth mitialization operation. In this case, the calculation
unit 130 can calculate X(y) as per:

X(y)=S{y)-N(y) (4)

By shortening the sampling cycle TS, an external noise
value contained 1n the effective value S and an external noise
value contained 1n the noise value N can be brought close to
each other. As a result, the influence of external noise in
radiation mnformation can be reduced.

FIG. 7 shows experimental results of calculating a noise
reduction ratio when the sampling cycle TS 1s set to various
values. In the graph of FIG. 7, the abscissa represents the

e

frequency of external noise, and the ordinate represents t.
noise reduction ratio. Each of the ON time TH and OFF time
TL of the driving signal 1s set to be 16 usec. At this time,
curves 701, 702, 703, and 704 indicate noise reduction ratios
at respective frequencies when the sampling cycle TS 1s set
to be 16 usec, 10.6 usec, 8 usec, and 5.3 usec, respectively.
As 1s apparent from FIG. 7, 1n the low frequency region,
noise 1s reduced more efhiciently as the sampling cycle TS 1s
shorter.

Next, still another example of the operation of the radia-
tion 1maging apparatus 100 when attention 1s paid to the
timing to shiit from the initialization operation to the accu-
mulation operation will be explained with reference to FIG.
8. The example of FIG. 8 1s different from the example of
FIG. 5 in the driving timing (ON time TH and OFF time TL)
by the driving circuit 102, and the sampling cycle TS of the
A/D converter 340 of the detection circuit 120. The remain-
ing points can be the same as those 1n the example of FIG.
5, and a repetitive description thereof will be omitted. In the
example of FIG. 8, the OFF time TL 1s longer than the ON
time TH. For example, the driving circuit 102 operates so
that the OFF time TL becomes triple of the ON time TH. The
sampling cycle TS 1s set to be equal to the ON time TH. In
this case, the detection circuit 120 outputs one eflective
value S and three noise values N 1n one reset operation. S(y),
N1(y), N2(y), and N3(y) are an eflective value S and three
noise values N output in the yth (y 1s an arbitrary natural
number) mitialization operation, respectively. X(y) 1s radia-
tion 1information used by the determination unit 131 1n step
5320 (FIG. 3) to detect irradiation with radiation 1n the yth
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initialization operation. Note that N1(y), N2(y), and N3(y)
are aligned sequentially from a value sampled at earlier time.

Various methods of calculating X(y) by the calculation
umt 130 using the eflective value S and noise value N will
be explained below. Similar to the example described with
reference to FIG. 5, the calculation unit 130 may calculate
X(y) according to one of equations (5) to (7):

X(y)=S(y)-Nl{y) ()

X(y)=S(y)-N3(y-1) (6)

X(y)=S(y)-{N1(y)+N3(y-1)}/2 (7)

In equations (35) to (7), X(v) 1s calculated using an eflective
value S(y) obtained in the yth initialization operation, and
noise values N1(y) and N3(y-1) sampled before and after
the effective value S(y).

Instead, the calculation unit 130 may calculate X(vy)
according to:

X(y)=S(y)-{3xN1(y)-3xN2(y)+N3(y)} (8)

In equation (8), the noise values N (N1(y) to N3(y) in the
above example) are weighted. More specifically, the noise
values N are multiplied by different coetlicients. In equation
(8), X(v) 1s obtaimned by repeating subtraction between
adjacent values for one effective value S and a plurality of
noise values N obtained 1n the same 1nitialization operation.
More specifically, first, the calculation unit 130 performs
subtraction between adjacent sample values in the same
initialization operation, sets the difference between the
eflective value S and the noise value N as a new ellective
value S, and sets the difference between the noise values N
as a new noise value N. The calculation unit 130 repeats this
calculation until one value 1s obtained. Hence, when n noise
values N are obtained i1n one initialization operation, the
calculation umt 130 repeats the above calculation by n
stages. This processing 1s given by:
calculation at the first stage:

S'(y)=S(y)-N1(y)
N1'(y)=N1(y)-N2(y)

N2'(y)=N2(y)-N3(y)

calculation at the second stage:

S"(y)=S'(y)-NI'(y)

NI"(y)=N1'(y)-N2'(y)

calculation at the third stage:

X(y)=S"(y)-N1"(y)

Here, ' means updated eflfective and noise values.

In equation (8), the calculation unit 130 calculates radia-
tion nformation by using one effective value S and three
noise values N obtamned successively after the eflective
value S. Instead, the calculation umt 130 may calculate
radiation information by using one effective value S and
three noise values N obtained successively before the eflec-
tive value S as per:

X(y)=S(y)-13xN3(y-1)-3xN2(y-1)+N1(y-1)} 9)

Even in equation (9), X(y) 1s obtained by the same calcu-
lation as that of equation (7).
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In some other embodiments, the calculation unit 130 may
calculate radiation information by averaging radiation infor-
mation obtained by equation (8) and radiation information
obtained by equation (9), as represented by:

X(y)=S(y)-{3xN1(y)=-3xN2(y)+N3(y)+3xN3(y-1)-

3xN2(y-1)+N1(y-1)}/2 (10)

In equation (10), the calculation unit 130 calculates radiation
information based on one eflective value S and the weighted
values of six noise values N obtained successively before
and after the effective value S.

In all equations (8) to (10), a noise value N sampled nearer
the timing of switching between the eflective value S and the
noise value N 1s multiplied by a larger weight. A large
weight means that the influence on radiation information 1s
large, and can mean that, for example, the absolute value of
the coeflicient of the noise value N 1s large. This also applies
to the following example.

FIG. 9 shows the experimental results of calculating a
noise reduction ratio when the radiation information X(y) 1s
calculated by various methods. In the graph of FIG. 9, the
abscissa represents the frequency of external noise, and the
ordinate represents the noise reduction ratio. The ON time
TH of the driving signal 1s set to be 8 usec, and the OFF time
TL 1s set to be 24 usec. At this time, curves 801, 802, 803,
and 804 indicate noise reduction ratios at respective ire-
quencies when the radiation mformation X(y) 1s calculated
by equations (5), (7), (8), and (10) above, respectively. For
comparison, FIG. 9 also shows the curve 701 1n FIG. 7. As
1s apparent from FIG. 9, 1n the low frequency region, noise
1s reduced efliciently by weighting a plurality of noise values
N to calculate radiation information.

Radiation imnformation in each of equations (8) to (10)
may be calculated by sequentially performing subtraction
between adjacent sample values, or by adding or subtracting,
a value obtained by multiplying a sample value by a coel-
ficient according to each of these equations. This also
applies to a case 1n which radiation information 1s calculated
according to an equation to be described later. External noise
which flows when a pressure or shock 1s applied to the
radiation 1maging apparatus 100 can take a value which 1s 10
to 100 times larger than a current flowing through the bias
line Vs upon 1rradiation with radiation. Thus, the dynamic
range of the detection circuit 120 can be set so that sampling
can be performed without saturating external noise. When
the dynamic range of the detection circuit 120 1s widened,
the control unit 106 may be configured to multiply radiation
information and a threshold by integers so that radiation
information 1s calculated by only addition, subtraction, and
multiplication, 1n order to reduce generation ol a quantiza-
tion error caused by division.

Next, still another example of the operation of the radia-
tion 1maging apparatus 100 when attention 1s paid to the
timing to shift from the nitialization operation to the accu-
mulation operation will be explained with reference to FIG.
10. The example of FIG. 10 1s different from the example of
FIG. 5 1n the sampling cycle TS of the A/D converter 340 of
the detection circuit 120. The remaining points can be the
same as those 1n the example of FIG. 5, and a repetitive
description thereof will be omitted. In the example of FIG.
10, the OFF time TL and ON time TH are equal to each
other. The sampling cycle TS 1s set to be shorter than the ON
time TH. For example, the sampling cycle TS 1s set to be V4
of the ON time TH. In this case, the detection circuit 120
outputs three eflective values S and three noise values N 1n
one reset operation. S1(y), S2(y), S3(y), N1(y), N2(y), and
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output 1n the yth (v 1s an arbitrary natural number) 1nitial-
1zation operation, respectively. X(y) 1s radiation information
used by the control unit 106 1n step S320 (FIG. 3) to detect
irradiation with radiation 1n the yth nitialization operation.
Note that S1(y), S2(y), S3(y), N1(y), N2(y), and N3(y) are
aligned sequentially from a value sampled at earlier time.
Various methods of calculating X(y) by the calculation
unit 130 using the effective value S and noise value N will
be explained below. For example, the calculation unit 130
may calculate X(y) according to one of equations (11) to

(13):

X(y)=S1(y+S2(y)+S3(y)—{N1(y)+N2(y)+N3(y) ]

(11)

X(y)=S1(y)+S2(y)+83(y)—{N1(y-1)+N2(y-1)+N3(y-

1)} (12)

X(y)=2xS1(y)+2xS2(y)+2xS3(y)—{N1(y)+N2(y)+N3

(Y)+N1(y-1)+N2(y-1)+N3(y-1)} (13)

According to equations (11) to (13), the calculation unit 130
calculates X(y) by using three effective values S(y) obtained
in the yth iitialization operation, and three or six noise
values N sampled before and after these eflective values
S(v). For the above-described reason, the calculation unit
130 calculates radiation information by only addition and
subtraction of the eflective values and noise values, and does
not use division.

Instead, the calculation unit 130 may calculate X(vy)
according to:

X(y)={11xS1(y)+5xS2(y)+2xS3(y) /18—{ 11 xN3(y-

1)+5xN2(y-1)+2xN1(y-1)}/18 (14)

In equation (14), the effective values S and noise values N
(S1(y) to S3(y) and NI1(y-1) to N3(y-1) in the above
example) are weighted. More specifically, the eflective
values S and noise values N are multiplied by different
coellicients. In equation (14), X(y) 1s obtained by averaging,
up to k=1 to 3, the differences each between the average of
k adjacent effective values and that of k adjacent noise
values, out of three eflective values S obtained in the yth
initialization operation and three noise values N obtained 1n
the immediately preceding (y-1)th imtialization operation.
Letting D1 to D3 be the diflerences each between the
average of the eflective values S and the average of the noise
values N, this processing 1s given by:

difference between one eflective value S and one noise
value N:

D1=S1(y)-N3(y-1)

difference between the average of two eflective values S
and the average of two noise values N:

D2={S1(y)+S2(y) }/2-{N3(y-1)+N2(y-1)}/2

Tective values S

difference between the average of three e
and the average of three noise values N:

D3={S1(y)+S2(¥)+S3(y)}/3-{N3(y-1)+N2(y-1)+N1
(y-1)}/3

average of the di

Terences:

X(y)=(D1+D2+D3)/3

In equation (14), the calculation unit 130 calculates radia-
tion mnformation by using three eflfective values S and three
noise values N obtained successively before the effective
values S. Instead, the calculation unit 130 may calculate
radiation information by using three effective values S and
three noise values N obtained successively after the effective
values S:
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X(y)={11xS3(v)+5xS2(y)+2xS1(y) }/18-{ 11xN1(y)+

S5xN2(y)+2xN3(y) }/18 (15)

Even 1n equation (15), X(y) 1s obtained by the same calcu-
lation as that of equation (14). In some other embodiments,
the calculation unit 130 may calculate radiation information
by averaging radiation information obtained by equation
(14) and radiation information obtained by equation (15). In
this case, the calculation unit 130 calculates radiation infor-
mation for the yth initialization operation based on values
obtained by weighting three eflective values S obtained 1n
the yth mitialization operation, and six noise values N
obtained before and after these eflective values S. In both
equations (14) and (135), a noise value N sampled nearer the
timing of switching between the eflective value S and the
noise value N 1s multiplied by a larger weight.

FIG. 11 shows the experimental results of calculating a
noise reduction ratio when the radiation information X(vy) 1s
calculated by various methods. In the graph of FIG. 11, the
abscissa represents the frequency of external noise, and the
ordinate represents the noise reduction ratio. The ON time
TH of the driving signal 1s set to be 16 usec, and the OFF
time TL 1s set to be 16 usec. The sampling time TS 1s set to
be 5.3 usec. At this time, curves 1101 and 1102 indicate
noise reduction ratios at respective frequencies when the
radiation information X(y) i1s calculated based on equation
(14) and the average of equations (14) and (15), respectively.
For comparison, FIG. 11 also shows the curve 701 1n FIG.
7. As 1s apparent from FIG. 11, 1n the low frequency region,
noise 1s reduced efliciently by weighting a plurality of noise
values N and calculating radiation information.

Next, still another example of the operation of the radia-
tion 1maging apparatus 100 when attention 1s paid to the
timing to shiit from the initialization operation to the accu-
mulation operation will be explained with reference to FIG.
12. The example of FIG. 12 1s different from the example of
FIG. 5 1n the sampling cycle TS of the A/D converter 340 of
the detection circuit 120, and the OFF time TL. The remain-
ing points can be the same as those 1n the example of FIG.

5, and a repetitive description thereof will be omitted. In the
example of FIG. 12, the drniving cycle TI of the driving
circuit 102 1s equal to the ON time TH, and the OFF time TL
1s 0. That 1s, 1n one imtialization operation, the driving
circuit 102 maintains a driving signal to the driving line G
at the active level. As a result, simultaneously when a
driving signal to a certain row 1s switched from high level to
low level, a dniving signal to the next row 1s switched from
low level to high level. In addition, the sampling cycle TS
1s set to be shorter than the ON time TH. For example, the
sampling cycle TS 1s set to be '3 of the ON time TH. In this
case, the detection circuit 120 outputs three effective values
S 1n one reset operation.

It 1s generally known that when the ON/OFF state of the
switching element T 1s switched, a current flows through the
bias line Vs. This current can be called switching noise.
Switching noises can be canceled by each other by super-
posing the trailing of a driving signal to the switching
clements T on a certain pixel row and the rising of a driving
signal to the switching elements T on another pixel row, as
shown 1n FIG. 12. Hence, the example of FI1G. 12 15 effective
when switching noise 1s large.

S1(y), S2(y), and S3(y) are three effective values S output
in the yth (y 1s an arbitrary natural number) 1mitialization
operation, respectively. X(y) 1s radiation information used
by the determination unit 131 in step S320 (FIG. 3) to detect
irradiation with radiation in the yth mitialization operation.
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Note that S1(y), S2(y), and S3(y) are aligned sequentially
from a value sampled at earlier time.

In this case, the calculation unit 130 may calculate X(y)
according to:

X(y)={11xS1{(y)+5xS2(y)+2xS3(y) }/18-{11xS3(y-

1)+5xS2(y-1)+2xS1(y-1)}/1 (16)

In equation (16), similar to equation (14), X(v) 1s obtained
by averaging, up to k=1 to 3, the differences each between
the average of k adjacent eflective values and that of k
adjacent effective values, out of three eflective values S
obtained 1n the yth mitialization operation and three efiec-
tive values S obtained 1n the (y-1)th imitialization operation.
Letting D1 to D3 be the diflerences each between the
average ol the effective values S obtained 1n the yth 1mitial-
ization and the average of the eflective values S obtained 1n
the (y—1)th mitialization, this processing 1s given by:

difference between one eflective value S 1n the yth 1ni-
tialization and one eflective value S 1n the (y-1)th 1nitial-
1zation:

D1=S1(y)-S3(y-1)

difference between the average of two eflective values S
in the yth imitialization and the average of two eflective
values S 1n the (y—1)th imitialization:

D2={S1(y)+S2(y)}/2-{S3(y-1)}+S2(y-1)}/2

difference between the average of three effective values S
in the yth mitialization and the average of three effective
values S 1n the (y—1)th imitialization:

D3={S1(y)+S2(y)+S3(y) V3-{S3(y=1)+S2(y-1)+S1
(y-1)}/3

average of the di

Terences:

X(y)=(D1+D2+D3)/3

Equation (16) can have the same noise reduction charac-
teristic as that of equation (14) because the same calculation
as equation (14) 1s performed for external noise. The radia-
tion information X(y) obtained by equation (16) 1s a value
obtained by weighting a plurality of effective values S
obtained 1n successive initialization operations and calcu-
lating a difference. If this value exceeds a threshold, the
determination unit 131 detects rradiation with radiation.

Next, still another example of the operation of the radia-
tion 1maging apparatus 100 when attention 1s paid to the
timing to shift from the 1nitialization operation to the accu-
mulation operation will be explained with reference to FIG.
13. The example of FIG. 13 1s diflerent from the example of
FIG. 5 in the driving timing (ON time TH and OFF time TL)
by the driving circuit 102. The remaining points can be the
same as those in the example of FIG. 5, and a repetitive
description thereof will be omitted. In the example of FIG.
13, the driving circuit 102 superposes the trailing and rising
of two successively supplied driving signals. For example,
the driving circuit 102 superposes the trailing of a dniving
signal 1n an odd-numbered initialization operation and the
rising of a driving signal in an even-numbered 1nitialization
operation. In other words, the dniving circuit 102 sets the
OFF time TL 1n an odd-numbered imitialization operation to
be 0. As a result, the driving cycle TI differs between odd-
and even-numbered 1nitialization operations. In the example
of FIG. 13, the trailing of a driving signal supplied to the
driving line G on the (Ys—1)th row and the rising of a driving
signal supplied to the driving line G on the Ysth row overlap
cach other.

When the sampling cycle TS of the A/D converter 340, the
ON time TH, and the OFF time TL are set to be equal to each
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other, the detection circuit 120 outputs one effective value S
in an odd-numbered reset operation, and outputs one eflec-
tive value S and one noise value N 1n an even-numbered
reset operation. S(y) 1s an eflective value S output 1n the yth
(v 1s an arbitrary odd number) imitialization operation.
S(y+1) and N(y+1) are an eflective value S and noise value
N output 1n the immediately succeeding (y+1)th initializa-
tion operation, respectively. X(y) 1s radiation information
used by the determination unit 131 1n step S320 (FIG. 3) to
detect 1rradiation with radiation in the yth i1mtialization
operation.

In this case, the calculation unit 130 may calculate X(y)
according to:

X(y)=[S(y)+S(y+1)—{N(y+1)-N(y-1)}/18] (17)

Equation (17) can increase the radiation signal amount per
unit time.

Next, another example of the sampling timing of the
detection circuit 120 will be explained with reference to
FIG. 14. A current (second signal) flowing through the bias
line Vs 1n proportion to the amount of charges accumulated
in the conversion element 201 of the pixel PIX until the
switching element T of a pixel PIX 1rradiated with radiation
1s turned on has the following property. That 1s, this current
1s a spike-like current which starts flowing at the same time
(at time t0) as the rising of the driving signal, peaks when the
switching element T 1s turned on (at time t1), and then stops
flowing (at time t2). The time until the switching element T
1s turned on after the rnising of the driving signal 1s deter-
mined by the time constant which, in turn, 1s defined by the
resistance and the parasitic capacitance of the driving line G.

In the example shown 1n FIG. 14, the detection circuit 120
samples a current flowing through the bias line Vs upon the
lapse of a delay time TD (at time t1) after the driving circuit
102 activates the driving signal in one initialization opera-
tion (at time t0). A sample value output from the detection
circuit 120 1n this case serves as the eflective value S.
Further, the detection circuit 120 samples a current tlowing
through the bias line Vs upon the lapse of the same delay
time TD (at time t4) after the driving circuit 102 inactivates
the driving signal 1n one 1nitialization operation (at time t3).
A sample value output from the detection circuit 120 1n this
case serves as the noise value N. The method of calculating
radiation information from the effective value S and noise
value N can be any one of the aforementioned methods. It
1s known that switching noise of the switching element T
starts flowing at the same time as the rising or trailing of the
driving signal and does not tlow after the switching element
T 15 switched to the ON state or OFF state. For this reason,
the influence of switching noise on a radiation signal can be
reduced by performing sampling by the detection circuit 120
at the above-mentioned timings.

The delay time TD 1s set to perform sampling at the
timing (for example, time t1) of the peak of a current flowing,
through the bias line Vs. For example, the delay time TD 1s
determined based on the time constant of the driving line G
and the time constant of the bias line Vs. Alternatively, the
delay time TD may be determined further based on the
processing time of a circuit at the preceding stage of the A/D
converter 340 1n the detection circuit 120.

An example of a method of determining the delay time
TD will be explained with reference to FIG. 15. The control
unit 106 pre-samples a current flowing through the bias line
Vs at a time interval shorter than the sampling interval in
FIG. 14. The manufacturer of the radiation 1maging appa-
ratus 100 1rradiates the radiation 1imaging apparatus 100 with
test radiation during pre-sampling. The control unit 106
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stores, as the delay time TD, the time between the rising time
of the driving signal 1n one 1nitialization operation and the
sampling time when the sample value of the bias current
signal VSD becomes maximum 1n this 1nitialization opera-
tion.

Instead of using test radiation, a current tlowing through
the bias line Vs by dark charges accumulated 1n the pixel
PIX may be used. During a predetermined period, the
control umit 106 maintains at low level a driving signal
supplied from the drniving circuit 102, and waits for accu-
mulation of dark charges in the pixel PIX. After that, the
control unmt 106 starts the initialization operation shown 1n
FIG. 15. When the switching element T 1s turned on, a
current corresponding to the dark charges tlows through the
bias line Vs. Based on this current, the control unit 106
determines the delay time TD.

The time constant of the driving line G, the time constant
of the bias line Vs, and the processing time of the detection
circuit 120 may change depending on aging deterioration
alter product shipment and the temperature of the use
environment. Considering this, the delay time TD may be
determined even after product shipment. For example, the
radiation 1maging apparatus 100 may be configured to be
able to switch between an adjustment mode in which pre-
sampling mentioned above 1s executed, and a normal mode
in which normal sampling 1s executed. In the adjustment
mode, the user of the radiation imaging apparatus 100
irradiates the radiation imaging apparatus 100 with test
radiation. Instead, the radiation 1imaging apparatus 100 may
shift to the operation mode in which dark charges are
accumulated. The control unit 106 stores, as the delay time
TD, the time between the rising time of the driving signal 1n
one 1nitialization operation and the sampling time when the
sample value of the bias current signal VSD becomes
maximuim 1n this mitialization operation. When the radiation
imaging apparatus 100 1s changed to the normal mode, the
detection circuit 120 performs sampling 1n accordance with
the stored delay time TD.

As described above, by performing sampling at the timing
of the peak of a current flowing through the bias line Vs, the
S/N ratio can be increased to increase the detection accuracy
of irradiation with radiation. In FIG. 15, sampling has been
described based on the driving timing of the driving circuit
102 shown in FIG. 5. However, sampling may be performed
upon the lapse of the delay time similarly at the driving
timing in FIG. 12 or 13.

Next, another example of the operation of the radiation
imaging apparatus 100 will be explained with reference to
FIG. 16. The example of FIG. 16 1s different from the
example of FIG. 5 1n the sampling cycle TS of the A/D
converter 340 of the detection circuit 120. The remaining
points can be the same as those 1n the example of FIG. 5, and
a repetitive description thereof will be omitted. In the
example of FIG. 16, the ON time TH=the OFF time TL=16
usec, and the sampling cycle TS=1 usec. In this case, the
detection circuit 120 outputs 32 bias current signals VSD 1n
one initialization operation.

In the vth mitialization operation, assume that a driving,
signal supplied to the driving line G on the Ysth row 1s
switched to high level at time to. Then, assume that the
influence of switching of the driving signal to high level on
an analog signal mput to the A/D converter 340 of the
detection circuit 120 appears at time tl. In this case, 16
sample values output from the detection circuit 120 at an
interval between time t1 and time t5 correspond to a case 1n
which the switching element T 1s ON 1n the yth mnitialization
operation. The calculation unit 130 uses, as an eflective
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value S(y) for the yth initialization operation, the sum of
cight intermediate sample values output at an interval
between time t3 and time t4, out of these 16 sample values.
Similarly, 16 sample values output from the detection circuit
120 at an interval between time t5 and time t9 correspond to
a case 1 which the switching element T 1s OFF 1n the yth
initialization operation. The calculation unit 130 uses, as a
noise value N(v) for the yth mnitialization operation, the sum
of eight mtermediate sample values output at an interval
between time t7 and time t8, out of these 16 sample values.
Then, the calculation unit 130 calculates radiation informa-
tion according to equations (1) to (3) described above.

Next, another example of the operation of the radiation
imaging apparatus 100 will be explained with reference to
FIG. 17. The example of FIG. 17 1s diflerent from the
example of FIG. 4 in the timing of the drniving signal
supplied from the driving circuit 102 to the driving line G 1n
the mitialization operation. The remaining points can be the
same as those 1n the example of FIG. 4, and a repetitive
description thereof will be omitted. In the i1mtialization
operation of one frame, the driving circuit 102 supplies
high-level driving signals sequentially to odd-numbered
driving lines G counted from one side of the pixel array 101,
and then supplies high-level driving signals sequentially to
even-numbered driving lines G. Although the pixels PIX
accumulate radiation information until the operation shifts to
the accumulation operation upon detecting rradiation with
radiation after irradiation of radiation actually starts, the
radiation 1maging apparatus 100 performs the 1nitialization
operation for the pixels PIX. Thus, the radiation information
1s partially lost from the pixel row initialized during this
period. However, pixel rows from which the radiation infor-
mation 1s partially lost can be distributed in image data by
preventing temporally successive resetting ol adjacent pixel
rows, as 1n the example of FIG. 17. This makes 1t easy to
correct the 1mage data by complementing the lost radiation
information using information of pixel rows from which
radiation information has been normally acquired.

In the example of FIG. 17, the driving circuit 102 supplies
high-level driving signals simultaneously to the two driving,
lines G. In one initialization operation, a current propor-
tional to charges accumulated 1n pixels of two rows flows
through the bias line Vs. As a result, the S/N ratio of the bias
current signal can be increased. Although the two driving
lines G are simultaneously driven in the example of FI1G. 17,
a driving line group including an arbitrary number of (two
or more) driving lines G may be driven. Unlike FIG. 17, the
driving lines G to be driven simultaneously may be adjacent
to each other. The radiation 1maging apparatus 100 may be
configured to be able to change the number of driving lines
to be driven simultaneously 1n accordance with an input
from the user. In this case, as the number of driving lines to
be driven simultaneously increases, switching noise also
increases, so the control unit 106 may switch the gain of the
detection circuit 120 i1n accordance with the number of
driving lines.

As described above, according to the embodiment, radia-
tion information 1s acquired based on various driving tim-
ings, sampling cycles, and calculation equations. However,
the present mvention 1s not limited to the above-described
embodiments. For example, the ON time TH may be longer
than the OFF time TL. In one mitialization operation, a
plurality of eflective values S and one noise value N may be
sampled. The calculation unit 130 may calculate radiation
information by using one or more of a plurality of eflective
values S obtained 1n one mitialization operation and one or
more of a plurality of noise values N. The calculation unit
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130 need not calculate radiation information by using both
the effective value S and noise value N, and may calculate
radiation information by using a plurality of effective values
S or calculate radiation information by using a plurality of
noise values N. As described with reference to FIG. 5, the
first signal of the bias current flows when the pixel array 101
1s 1irradiated with radiation, regardless of the ON/OFF state
of the switching element T. Therefore, the calculation unit
130 may calculate, as radiation information, the difference
between an eflective value S obtained when the pixel array
101 1s wrradiated with radiation, and a previously acquired
cllective value S obtained when the pixel array 101 1s not
irradiated with radiation. Similarly, the calculation unit 130
may calculate, as radiation information, the difference
between a noise value N obtained when the pixel array 101
1s 1rradiated with radiation, and a previously acquired noise
value N obtained when the pixel array 101 1s not irradiated
with radiation. In general, the calculation unit 130 calculates
radiation mformation based on sample values acquired a
plurality of times for the bias current signal VSD supplied
from the detection circuit 120. By comparing the radiation
information with a threshold, the determination unit 131 can
determine the presence/absence of 1rradiation with radiation.
The weights on the effective value S and noise value N are
not limited to values determined by the above-described
methods. One or more eflective values S and one or more
noise values N may be multiplied by arbitrary weights,
respectively.

The overall arrangement of a radiation 1maging apparatus
1800 according to some other embodiments of the present
invention will be described with reference to FIG. 18. The
radiation imaging apparatus 1800 1s different from the
radiation 1imaging apparatus 100 of FIG. 1 in that it further
includes a memory 132 and adder 133. The remaining
arrangement can be the same as the embodiment of the
radiation imaging apparatus 100, and a repetitive description
thereof will be omutted.

The memory 132 can accumulate pieces of radiation
information output from a calculation unit 130 for one frame
(Y pieces of radiation information in the above-described
example), and outputs them to the adder 133 by FIFO 1n the
order of storage. The adder 133 subtracts radiation informa-
tion output from the memory 132, from radiation iforma-
tion output from the calculation unit 130, and supplies the
difference to a determination umt 131. For example, when
the calculation unit 130 outputs radiation mformation X(y)
obtained for the yth mitialization operation, X(y)-X(y-Y) 1s
supplied to the determination unit 131. That 1s, the difference
from radiation information of an immediately preceding
frame 1s supplied to the determination unit 131.

The present inventors have found out that the switching
noise amount differs between the driving lines G, but the
reproducibility 1s high for a single driving line G. For this
reason, switching noise can be eflectively reduced by sub-
tracting radiation information obtained by driving a certain
driving line G 1n advance, from radiation information
obtained by driving the same driving line G, as described
above. This will be called frame correction.

In the above-described example, radiation information of
an 1mmediately preceding frame 1s subtracted from the
current radiation information. However, radiation informa-
tion belfore k frames (k 1s 2 or more) may be subtracted, or
the average (simple average or weighted average) of pieces
of radiation information of a plurality of frames for the same
driving line G may be subtracted. The memory 132 may be
interposed not between the calculation unit 130 and the
determination unit 131, but between a detection circuit 120
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and the calculation unit 130, and subtraction may be per-
formed at the stage of a bias current signal VSD supplied to
the calculation unit 130. In this manner, when the difference
1s calculated between frames, switching noise can be efiec-
tively reduced by making constant the driving timing of the
driving signal and the sample and hold timing of an A/D
converter 340 for each frame. Thus, clocks may be supplied
from a common clock generator to a driving circuit 102 and
the A/D converter 340.

The radiation imaging apparatus 1800 may include an
integrating circuit 500 shown 1n FIG. 21 between the adder
133 and the determination unit 131. The integrating circuit
500 can 1nclude a shift register 501, adders 502a and 502b,
and registers 503a and 503b which hold integral values. The
determination unit 131 can include comparators 504a and
504b, and an OR circuit 505. In FIG. 21, X 1s the latest
radiation information output from the adder 133.

First, a value X]|n] stored in the shift register 501, and
integral values Sum[m] held 1n the registers 503a and 503b
are 1nitialized. This will be called resetting of the integrator.
Then, every time a clock (not shown) 1s supplied to the shiit
register 501, X[n] stored 1n the shift register 501 1s shafted.
That 1s, the shift register 501 performs processing given by:

X[n]=X[n-1](n>1)

X[n]=X(n=0)

Every time a clock (not shown) 1s supplied, the adders
502a and 502b, and the registers 503a and 503b which hold

integral values perform cumulative addition (integration).
That 1s, the adders 502a and 502b and the registers 503a and

503b perform processing given by:
Sum[m|=X+Sum|m|-X[W|m]]

The adder 502a and register 503a constitute one integrator,
and the adder 502b and register 503b constitute another
integrator.

For example, letting Xk be radiation information k clocks

alter resetting, the Sum[m] value for W[m]=4 changes as
follows:

Sum|[m|=0 (1immediately after resetting)
Sum[m|=X1 (k=1)

Sum[m|=X2+X1 (k=2)
Sum[m]|=X3+X2+X1 (k=3)
Sum|[m|=X4+X3+X2+X1 (k=4)
Sum[m|=X5+X4+X3+X2 (k=5)

Sum[m]=X6+X5+X4+X3 (k=6)

Sum[m]=XK+XK-1+XK-2+XK-3 (k=K)

where Sum|[m] 1s a value obtained by integrating the radia-
tion mformation X 1n the integral interval W[ml].

That 1s, the mtegral value can be calculated 1n an integral
interval determined by the tap (readout position) of the shiit
register 501. Since calculation of the integral value 1s
completed by one clock, the time taken to determine the start
ol 1rradiation can be greatly shortened.

By arranging M 1integrators as mentioned above, the mth
integral value Sum|[m] 1n the mth integral interval W[m] can
be obtained (m=1 to M). Also, M comparators like the
comparators 504a and 504b are also arranged. The com-
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parator compares the mth integral value Sum|[m] with the
mth threshold Tm]. If Sum[m]>T[m] in any comparator, 1t
can be determined by the OR circuit 505 that irradiation with
radiation has started. If Sum[m] T[m] in all the comparators,
it 1s determined that rradiation with radiation has not been
performed.

In the arrangement example shown in FIG. 21, an adder
and comparator are arranged for each register which holds
an 1tegral value. However, this 1s merely an example. For
example, a plurality of registers may share one adder and
one comparator. The shiit register 301 can be constructed by
a single block, but may be divided into a plurality of blocks.
The plurality of blocks constructing the shift register 501
can be mounted 1n, for example, different memory segments
on an FPGA. The arrangement shown in FIG. 21 may be
implemented by software.

When radiation information or the integral value of radia-
tion mformation exceeds a predetermined threshold, the
determination umit 131 determines that irradiation with
radiation has been performed. Also, an arrangement can be
adopted, 1in which CDS 1s performed for the sum of a
plurality of eflective values S and the sum of a plurality of
noise values N, as shown 1n FIG. 10. These calculations are
not 1n particular order. However, to decrease the amount of
data to process, 1t 1s also possible to perform signal pro-
cessing 1n the order of addition, CDS, frame correction, and
integration, and then perform comparison with a predeter-
mined threshold.

The overall arrangement of a radiation 1maging apparatus
1900 according to some other embodiments of the present
invention will be described with reference to FIG. 19. The
radiation imaging apparatus 1900 1s different from the
radiation 1imaging apparatus 100 of FIG. 1 1n that a bias line
Vs 1s arranged for each pixel column, and a plurality of
detection circuits 120 and a plurality of reference bias
potential generation circuits 126 are arranged. The detection
circuit 120 and reference bias potential generation circuit
126 are arranged for one bias line Vs. The remaining
arrangement can be the same as the embodiment of the
radiation 1maging apparatus 100, and a repetitive description
thereof will be omitted. The radiation 1maging apparatus
1900 may include a memory 132 between a calculation unit
130 and a determination unit 131, similar to the radiation
imaging apparatus 1800. The radiation imaging apparatus
1900 may include the detection circuit 120 and reference
bias potential generation circuit 126 for every two or more
bias lines Vs, mstead of including the detection circuit 120

and reference bias potential generation circuit 126 for every
bias line Vs.

As described with reference to FIG. 14, the time until the
second signal of the bias current peaks after the driving
signal rises depends on the time constant of a portion of a
driving line G that extends from a driving circuit 102 to a
switching element T. In the embodiment, therefore, each
bias line Vs 1s connected to pixels PIX which are equal in the
length of a portion of the driving line G that extends from the
driving circuit 102 to the switching element T, and which are
aligned 1n the column direction. The detection circuit 120
and reference bias potential generation circuit 126 are
arranged for each bias line Vs. In this case, the position of
the peak of the second signal of the bias current may difler
between the detection circuits 120. Thus, a delay time TD 1s
determined by the above-described method for each detec-
tion circuit 120, and sampling 1s performed. Bias current
signals VSD output from the respective detection circuits
120 are added to supply the sum to the calculation unit 130.
Subsequent processing 1s the same as the embodiment of the
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radiation 1maging apparatus 100, and a repetitive description
thereot will be omitted. In this embodiment, the S/N ratio of
the bias current signal can be further increased.

A radiation 1maging apparatus according to some other
embodiments of the present invention will be explained. The
arrangement of the radiation 1maging apparatus according to
the embodiment can be the same as that of the radiation
imaging apparatus according to any one of the above-
described embodiments, and a radiation 1maging apparatus
100 will be exemplified. In the embodiment, the radiation
imaging apparatus 100 measures noise generated when
irradiation with radiation 1s performed, and changes the
operation settings of the radiation imaging apparatus 100
based on the noise amount. These operation settings can be
settings about the radiation detection operation 1 FIG. 3,
including the atorementioned ON time TH, OFF time TL,
sampling cycle TS, equations for calculating radiation infor-
mation, the number of driving lines G to be driven simul-
taneously, and a threshold to be compared with radiation
information by a determination unit 131.

An example of the operation of the radiation 1maging
apparatus 100 1n the embodiment will be explained with
retference to FI1G. 20. In step S2010, a control unit 106 starts
noise measurement. The control unit 106 may start noise
measurement in response to an mput from the user of the
radiation 1maging apparatus 100, or automatically start it
alter power-on of the radiation 1maging apparatus 100.

In step S2020, the control unit 106 determines whether the
noise measurement end condition has been satisfied. The
noise measurement end condition may be the lapse of a
predetermined time after the start of noise measurement, or
acceptance of an input indicating the end from the user. 11 the
noise measurement end condition has not been satisfied (NO
in step S2020), the control unit 106 continues the nitializa-
tion operation 1n step S2030. Although this 1mitialization
operation 1s the same as that 1in step S370 of FIG. 3, the
determination unit 131 stores radiation information supplied
from the calculation umt 130, mstead of determining the
presence/absence of irradiation with radiation. For example,
the determination unit 131 can store the latest radiation
information of one frame. Then, the process returns to step
S2020, and the control unit 106 determines whether the
noise measurement end condition has been satisfied.

If the noise measurement end condition has been satisfied
(YES 1n step S2020), the control unit 106 determines 1n step
52040 whether radiation information stored 1n the determi-
nation umt 131 1s larger than a predetermined value. In the
noise determination processing of FIG. 20, the radiation
imaging apparatus 100 1s not irradiated with radiation, so the
radiation information represents noise which remains even
after the above-mentioned CDS operation. In this large noise
state, the presence/absence of irradiation with radiation may
not be normally determined even 1 the processing in FIG. 3
starts. For this reason, 11 the noise 1s larger than the prede-
termined value (YES 1n step S2040), the control unit 106
changes the operation settings 1n step S2050. For example,
the control unit 106 may increase the threshold used by the
determination unit 131 in step S320 for comparison with
radiation information, or change the drniving cycle of a
driving circuit 102 to reduce the influence of external noise
in accordance with the frequency characteristic of detected
noise. If the noise 1s not larger than the predetermined value
(NO 1n step S2040), the control unit 106 shifts to step S310
of FIG. 3, and starts the imaging standby start state. In this
case, the control unit 106 may change the operation settings.
For example, the control unit 106 may decrease the thresh-
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old used by the determination unit 131 in step S320 for
comparison with radiation information.

After the operation settings are changed 1n step S2050, the
process may further return to step S2020 to repeat noise
measurement. If the noise value greatly exceeds the prede-
termined value in step S2040, the control umt 106 may
present this result to the user. In this case, the control unit
106 may inhibit shift to the imaging standby state.

FIG. 22 1s a view showing an example in which the
radiation 1maging apparatus according to the present mven-
tion 1s applied to an X-ray diagnostic system (radiation
imaging system). The radiation 1maging system includes a
radiation 1maging apparatus 6040 (corresponding to one of
the radiation 1maging apparatuses 100, 1800, and 1900), and
an 1mage processor 6070 which processes a signal output
from the radiation imaging apparatus 6040. X-rays 6060
generated by an X-ray tube (radiation source) 6050 pass
through a chest 6062 of a patient or object 6061 and enter the
radiation imaging apparatus 6040. The incident X-rays
include information about the inside of the body of the
object 6061. The 1mage processor (processor) 6070 pro-
cesses a signal (1mage) output from the radiation 1maging
apparatus 6040, and can, for example, display an 1mage on
a display 6080 1n a control room based on a signal obtained
by the processing.

The 1image processor 6070 can transfer the signal obtained
by the processing to a remote place via a transmission path
6090. Accordingly, the image can be displayed on a display
6081 installed 1 a doctor room or the like at another place,
and the 1mage can be recorded on a recording medium such
as an optical disk. The recording medium can be a film 6110.

In this case, a film processor 6100 records the 1image on the
film 6110.

Other Embodiments

Embodiments of the present invention can also be realized
by a computer of a system or apparatus that reads out and
executes computer executable instructions recorded on a
storage medium (e.g., non-transitory computer-readable
storage medium) to perform the functions of one or more of
the above-described embodiment(s) of the present invention,
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 embodiment(s). The computer may comprise one
or more of a central processing umt (CPU), micro processing
unmt (MPU), or other circuitry, and may include a network of
separate computers or separate computer processors. lThe
computer executable instructions 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 distributed comput-
ing 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.

While the present invention has been described with
reference to exemplary embodiments, 1t 1s to be understood
that the mvention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2013-040030, filed Feb. 28, 2013, which 1s

hereby incorporated by reference herein in its entirety.




US RE49,401 E

25

What 1s claimed 1s:

1. A radiation 1maging apparatus comprising:

a pixel array having a plurality of pixels arranged 1n a
plurality of rows and a plurality of columns, each pixel
including a conversion element for accumulating
charge 1n accordance with radiation and a switching
clement for connecting the conversion element to a
signal line;

a bias line for supplying a bias potential to the conversion
clements of the plurality of pixels;

a plurality of driving lines for supplying a driving signal
to control the switching elements of the plurality of
pixels;

a driving unit configured to supply a driving signal to the
plurality of driving lines 1n units of one or more driving
lines and repeat an initialization operation comprising
switching each driving signal from an OFF voltage at
which the switching element 1s turned off, to an ON
voltage at which the switching element 1s turned on,
and then returning the dniving signal to the OFF volt-
age;

an acquisition unit configured to acquire an eflective
value and a noise value i each drniving cycle, the
driving cycle being a time duration from the time when
a driving signal to particular one or more driving lines
1s switched to the ON voltage to the time when a
driving signal to a next one or more driving lines 1s
switched to the ON voltage, the eflective value repre-
senting a current flowing through the bias line upon
supply of the ON voltage to at least one of the plurality
of dniving lines, and the noise value representing a
current flowing through the bias line upon supply of the
OFF voltage to each of the plurality of driving lines;

a calculation unit configured to calculate radiation infor-
mation based on the eflective value and the noise value:
and

a determination unit configured to determine whether

irradiation of said pixel array with radiation 1s present
based on the calculated radiation information.

2. The apparatus according to claim 1, wherein said
driving unit 1s configured to return the driving signal sup-
plied to the particular one or more driving lines to the OFF
voltage a time 1nterval before switching the driving signal to
the next one or more driving lines to the ON voltage.

3. The apparatus according to claim 1, wherein said
calculation unit 1s configured to calculate the radiation
information based on the eflective value acquired in a
particular driving cycle and at least one of the noise value
acquired in the particular driving cycle and the noise value
acquired 1n a driving cycle immediately preceding the
particular driving cycle.

4. The apparatus according to claim 1, wherein said
calculation unit 1s configured to calculate the radiation
information based on a difference between a value calcu-
lated from at least one eflective value and a value calculated
from at least one noise value, and

said determination unit 1s configured to make the deter-

mination by comparing the radiation information with
a threshold.

5. The apparatus according to claim 4, wherein said
acquisition unit 1s configured to acquire the noise value a
plurality of times 1n each drniving cycle, and

said calculation unit 1s configured to calculate the value

calculated from the at least one noise value, by weight-
ing the plurality of noise values and adding the
weilghted noise values.
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6. The apparatus according to claim 5, wherein weights
for the plurality of noise values become smaller as the time
when a noise value 1s acquired becomes farther 1n time from
the time when the effective value 1s acquired.

7. The apparatus according to claim 4, wherein said
acquisition unit 1s configured to acquire the effective value
a plurality of times 1n each driving cycle, and

said calculation umt 1s configured to calculate the value

calculated from the at least one eflective value, by
welghting the plurality of effective values and adding
the weighted eflective values.

8. The apparatus according to claim 1, wherein said
calculation unit 1s configured to calculate the radiation
information based on the eflective value and a noise value
acquired a time interval after or before acquisition of the
ellective value.

9. The apparatus according to claim 1, wherein said
driving unit 1s configured to switch, to the OFF voltage, the
driving signal to the particular one or more driving lines, and
at the same time switch, to the ON voltage, the driving signal
to the next one or more driving lines, and

said calculation unit 1s configured to calculate the radia-

tion mnformation based on the effective value acquired
in a particular driving cycle and the effective value
acquired 1n a driving cycle different from the particular
driving cycle.

10. The apparatus according to claim 9, wherein said
calculation unit 1s configured to calculate the radiation
information based on the effective value acquired in a
particular driving cycle and at least one of the effective value
acquired 1n a driving cycle immediately after the particular
driving cycle and the effective value acquired 1n a driving
cycle immediately before the particular driving cycle.

11. The apparatus according to claim 1, whereimn said
calculation unit 1s configured to calculate the radiation
information based on at least one signal value acquired by
said acquisition unit upon lapse of a predetermined delay
time after said driving umt switches, to the ON voltage, the
driving signal to one or more driving lines and at least one
signal value acquired after the acquisition of the at least one
signal value.

12. The apparatus according to claim 11, wherein the
predetermined delay time 1s determined based on at least one
of a time constant of said one or more driving lines and a
time constant of said bias line.

13. The apparatus according to claim 12, wherein the
apparatus comprises a plurality of said bias lines and a
plurality of said acquisition units arranged for said respec-
tive bias lines, and

the predetermined delay time 1s determined for each

acquisition unit.

14. The apparatus according to claim 1, further compris-
ing a memory for storing the radiation information, wherein
said determination unit 1s configured to determine whether
irradiation of said pixel array with radiation 1s present based
on a difference between the radiation information calculated
in a particular driving cycle and radiation information which
has been calculated 1n a driving cycle preceding the par-
ticular driving cycle for one or more driving lines to which
the ON voltage has been supplied 1n the particular driving
cycle and which has been stored in said memory.

15. The apparatus according to claim 1, wherein said
acquisition unit includes an A/D converter, and

the eflective value includes a digital eflective value

obtained by sampling, by the A/D converter, an analog
signal value representing a current flowing through said
bias line.
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16. The apparatus according to claim 1, wherein said
driving unit 1s configured to supply the driving signal so that
at least one driving line to which the ON voltage 1s supplied
in a particular driving cycle and at least one driving line to
which the ON voltage 1s supplied in a next driving cycle are
not adjacent to each other.

17. The apparatus according to claim 1, wherein said
driving unit sequentially switches, to the ON voltage, driv-
ing signals to odd-numbered driving lines as counted from
one side of said pixel array, and then sequentially switches,
to the ON voltage, driving signals to even-numbered driving,
lines as counted from the one side of said pixel array.

18. The apparatus according to claim 1, wherein said
driving unit 1s configured to supply driving signal to the
plurality of driving lines in umts of two or more drniving
lines.

19. The apparatus according to claim 1, wherein said
driving umit 1s configured to end switching of the driving
signal to the ON voltage when said determination unit
determines that said pixel array has been irradiated with
radiation.

20. A radiation imaging system comprising:

a radiation 1maging apparatus; and

a processor for processing a signal output from said
radiation 1maging apparatus,

wherein the radiation 1maging apparatus comprises:

a pixel array having a plurality of pixels arranged in a
plurality of rows and a plurality of columns, each pixel
including a conversion element for accumulating
charge 1n accordance with radiation and a switching
clement for connecting the conversion element to a
signal line;

a bias line for supplying a bias potential to the conversion
clements of the plurality of pixels;

a plurality of driving lines for supplying a driving signal
to control the switching elements of the plurality of
pixels;

a driving unit configured to supply a driving signal to the
plurality of driving lines 1n units of one or more driving
lines and repeat an 1nitialization operation comprising
switching each driving signal from an OFF voltage at
which the switching element 1s turned ofl, to an ON
voltage at which the switching element 1s turned on,
and then returming the dnving signal to the OFF volt-
age;

an acquisition unit configured to acquire an eflective
value and a noise value i each dniving cycle, the
driving cycle being a time duration from the time when
a driving signal to particular one or more driving lines
1s switched to the ON voltage to the time when a
driving signal to next one or more driving lines 1is
switched to the ON voltage, the eflective value repre-
senting a current flowing through the bias line upon
supply of the ON voltage to at least one of the plurality
of dnving lines, and the noise value representing a
current tlowing through the bias line upon supply of the
OFF voltage to each of the plurality of driving lines;

a calculation unit configured to calculate radiation infor-
mation based on the eflective value and the noise value;:
and

a determination unit configured to determine whether
irradiation of said pixel array with radiation 1s present
based on the calculated radiation information.

21. A radiation imaging apparatus comprising.

a pixel array having a plurality of pixels arvanged in a
plurality of rows and a plurality of columns, each pixel
including a conversion element for accumulating
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charge in accordance with radiation and a switching
element for comnecting the conversion element to a
signal line;

a bias line for supplying a bias potential to the conversion
elements of the plurality of pixels;

a plurality of driving lines for supplying a driving signal
to control the switching elements of the plurality of
pixels;

a driving unit configured to supply a driving signal to the
plurality of driving lines in units of one or more driving
lines and vepeat an initialization operation that is
performed in each driving cvcle, the initialization
operation comprising switching each driving signal
from an OFF voltage at which the switching element is
turned off, to an ON voltage at which the switching
element is turned on, and then returning the driving
signal to the OFF voltage, the driving cycle being a
time duration from the time when one driving signal to
one of the units of one or more driving lines is switched
to the ON voltage to the time when a next driving signal
to another one of the units of one or more driving lines
is switched to the ON voltage;

an acquisition unit configured to acquive an effective
value and a noise value, the effective value representing
a current flowing through the bias line upon supply of
the ON voltage to at least one of the plurality of driving
lines, and the noise value representing a current flow-
ing through the bias line upon supply of the OFF
voltage to each of the plurality of driving lines;

a calculation unit configured to calculate radiation infor-
mation based on the effective value and the noise value;
and

a determination unit configured to determine whether
irradiation of said pixel array with radiation is present
based on the calculated radiation information.

22. The apparatus according to claim 21, wherein said
driving unit is configured to veturn the one driving signal to
the OFF voltage a time interval before switching the next
driving signal to the ON voltage,

said acquisition unit is configured to acquire at least one
of the effective value and the noise value in each driving
cycle, and

said calculation unit is configured to calculate the radia-
tion information based on the effective value and the
noise value.

23. The apparatus according to claim 22, wherein said
calculation unit is configured to calculate the radiation
information based on the effective value acquived in a
particular driving cyvcle and at least one of the noise value
acquired in the particular driving cycle and the noise value
acquired in a driving cycle immediately preceding the par-
ticular driving cycle.

24. The apparatus according to claim 22, wherein said
calculation unit is configured to calculate the rvadiation
information based on the effective value acquived in a
particular driving cycle and the noise value acquived in the
particular driving cycle and the noise value acquived in a
driving cycle immediately preceding the particular driving
cycle.

25. The apparatus according to claim 22, wherein said
calculation unit is configured to calculate the radiation
information based on the effective value acquived in a
particular driving cycle and the noise value acquired in the
particular driving cycle.

26. The apparatus according to claim 22, wherein said
calculation unit is configured to calculate the radiation
information based on the effective value acquived in a
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particular driving cycle and the noise value acquived in a
driving cycle immediately preceding the particular driving
cycle.

27. The apparatus according to claim 22, wherein said
calculation unit is cownfigured to calculate the vadiation
information based on a difference between a value calcu-
lated from at least one effective value and a value calculated
from at least one noise value, and

said determination unit is configured to make the deter-

mination by comparing the radiation information with
a threshold.

28. The apparatus according to claim 27, wherein said
acquisition unit is configured to acquire the noise value a
plurality of times in each driving cycle, and

said calculation unit is configured to calculate the value

calculated from the at least one noise value, by weight-
ing the plurality of noise values and adding the
weighted noise values.

29. The apparatus according to claim 28, wherein weights
for the plurality of noise values become smaller as the time
when a noise value is acquived becomes farther in time from
the time when the effective value is acquired.

30. The apparatus according to claim 27, wherein said
acquisition unit is configured to acquire the effective value
a plurality of times in each drviving cycle, and

said calculation unit is configured to calculate the value

calculated from the at least one effective value, by
weighting the plurality of effective values and adding
the weighted effective values.

31. The apparatus according to claim 21, wherein said
calculation unit is cownfigured to calculate the vadiation
information based on the effective value and a noise value
acquirved a time interval after or before acquisition of the
effective value.

32. The apparatus accovding to claim 21, wherein said
driving unit is configured to switch, to the OFF voltage, the
one driving signal to the one of the units of one or more
driving lines, and at the same time switch, to the ON voltage,
the next driving signal to the another one of the units of one
or more driving lines, and

said calculation unit is configured to calculate the radia-

tion information based on the effective value acquired
in a particular driving cycle and the effective value
acquired in a driving cycle different from the particular
driving cycle.

33. The apparatus accovding to claim 32, wherein said
calculation unit is configured to calculate the radiation
information based on the effective value acquirved in a
particular driving cycle and at least one of the effective
value acquirved in a driving cyvcle immediately after the
particular driving cycle and the effective value acquired in
a driving cvcle immediately before the particular driving
cycle.

34. The apparatus according to claim 21, wherein said
calculation unit is cownfigured to calculate the vadiation
information based on at least one signal value acquired by
said acqguisition unit upon lapse of a predetermined delay
time after said drviving unit switches, to the ON voltage, the
driving signal to one or more driving lines and at least one
signal value acquired after the acquisition of the at least one
signal value.

35. The apparatus accovding to claim 34, wherein the
predetermined delay time is determined based on at least
one of a time constant of said one or more driving lines and
a time constant of said bias line.
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36. The apparatus according to claim 35, wherein the
apparatus comprises a plurality of said bias lines and a
plurality of said acquisition units arranged for said vespec-
tive bias lines, and

the predetermined delay time is determined for each

acquisition unit.

37. The apparatus according to claim 21, further com-
prising a memory for storing the radiation information,
wherein said determination unit is configured to determine
whether irradiation of said pixel array with radiation is
present based on a difference between the rvadiation infor-
mation calculated in a particular driving cycle and radia-
tion information which has been calculated in a driving
cycle preceding the particular drviving cycle for one or more
driving lines to which the ON voltage has been supplied in
the particular driving cycle and which has been storved in
said memory.

38. The apparatus according to claim 21, wherein said
acquisition unit includes an A/D converter, and

the effective value includes a digital effective value

obtained by sampling, by the A/D converter, an analog
signal value vepresenting a curvent flowing through
said bias line.

39. The apparatus according to claim 21, wherein said
driving unit is configurved to supply the driving signal so that
at least one driving line to which the ON voltage is supplied
in a particular driving cycle and at least one driving line to
which the ON voltage is supplied in a next driving cycle are
not adjacent to each other.

40. The apparatus according to claim 21, wherein said
driving unit sequentially switches, to the ON voltage, driving
signals to odd-numbered driving lines as counted from one
side of said pixel array, and then sequentially switches, to
the ON voltage, driving signals to even-numbered driving
lines as counted from the one side of said pixel array.

41. The apparatus according to claim 21, wherein said
driving unit is configured to supply driving signal to the

plurality of driving lines in units of two or more driving
lines.

42. The apparatus according to claim 21, wherein said
driving unit is configured to end switching of the driving
signal to the ON voltage when said determination unit
determines that said pixel array has been irradiated with
radiation.

43. A radiation imaging system comprising.

a radiation imaging apparatus according to claim 21;

and

a processorv for processing a signal output from said
radiation imaging apparatus.

44. A radiation imaging apparatus comprising:

a pixel array having a plurality of pixels arranged in a
plurality of rows and a plurality of columns, each pixel
including a conversion element for accumulating
charge in accordance with radiation and a switching
element for comnecting the conversion element to a
signal line;

a bias line for supplying a bias potential to the conversion
elements of the plurality of pixels;

a plurality of driving lines for supplying a driving signal
to control the switching elements of the plurality of
pixels;

a driving unit configured to supply a driving signal to the
plurality of driving lines in units of one or more driving
lines and vepeat an initialization operation comprising
switching each driving signal from an OFF voltage at
which the switching element is turned off, to an ON
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voltage at which the switching element is turned on,
and then rveturning the driving signal to the OFF
voltage;

an acquisition unit configured to acquirve an effective
value and a noise value, the effective value representing

5
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said calculation unit is configured to calculate the value
calculated from the at least one noise value, by weight-
ing the plurality of noise values and adding the
weighted noise values.

52. The apparatus according to claim 51, whervein weights

a currvent flowing through the bias line upon supply of  for the plurality of noise values become smaller as the time

the ON voltage to at least one of the plurality of driving
lines, and the noise value representing a curvent flow-
ing through the bias line upon supply of the OFF
voltage to each of the plurality of driving lines;

a calculation unit configured to calculate radiation infor-
mation based on the effective value and the noise value;
and

a determination unit configurved to determine whether
irradiation of said pixel array with radiation is present
based on the calculated radiation information.

45. The apparatus accovding to claim 44, wherein said
driving unit is configured to return one driving signal
supplied to one of the units of one or more driving lines to
the OFF voltage a time interval before switching a next
driving signal to another one of the units of one or more
driving lines to the ON voltage,

said acquisition unit is configured to acquire at least one
of the effective value and the noise value in each drviving
cycle, the driving cvcle being a time duration from the
time when the one driving signal is switched to the ON
voltage to the time when the next driving signal is
switched to the ON voltage, and

said calculation unit is configured to calculate the radia-
tion information based on the effective value and the
noise value.

46. The apparatus accovding to claim 45, wherein said
calculation unit is configured to calculate the radiation
information based on the effective value acquirved in a
particular driving cycle and at least one of the noise value
acquirved in the particular driving cvcle and the noise value
acquired in a driving cycle immediately preceding the par-
ticular driving cycle.

47. The apparatus accovding to claim 45, wherein said
calculation unit is cownfigured to calculate the vadiation
information based on the effective value acquived in a
particular driving cycle and the noise value acquived in the
particular driving cycle and the noise value acquived in a
driving cyvcle immediately preceding the particular driving
cycle.

48. The apparatus accovding to claim 45, wherein said
calculation unit is configured to calculate the radiation
information based on the effective value acquirved in a
particular driving cycle and the noise value acquired in the
particular driving cycle.

49. The apparatus accorvding to claim 45, wherein said
calculation unit is configured to calculate the radiation
information based on the effective value acquirved in a
particular driving cycle and the noise value acquived in a
driving cvcle immediately preceding the particular driving
cycle.

50. The apparatus according to claim 45, wherein said
calculation unit is cownfigured to calculate the vadiation
information based on a difference between a value calcu-
lated from at least one effective value and a value calculated
from at least one noise value, and

said determination unit is configured to make the deter-
mination by comparing the radiation information with
a threshold.

51. The apparatus accorvding to claim 50, wherein said

acquisition unit is configured to acquire the noise value a
plurality of times in each driving cycle, and
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when a noise value is acquived becomes farther in time from
the time when the effective value is acquired.

53. The apparatus according to claim 50, wherein said
acquisition unit is configured to acquire the effective value
a plurality of times in each drviving cycle, and

said calculation unit is configured to calculate the value

calculated from the at least one effective value, by
weighting the plurality of effective values and adding
the weighted effective values.

54. The apparatus according to claim 45, wherein said
calculation unit is configured to calculate the radiation
information based on the effective value and a noise value
acquirved a time interval after ov before acquisition of the
effective value.

55. The apparatus according to claim 45, wherein said
driving unit is configured to switch, to the OFF voltage, the
one driving signal to the one of the units of one or more
driving lines, and at the same time switch, to the ON voltage,
the next driving signal to the another one of units of one or
more driving lines, and

said calculation unit is configured to calculate the radia-

tion information based on the effective value acquired
in a particular driving cycle and the effective value
acquired in a driving cycle different from the particular
driving cycle.

56. The apparatus according to claim 55, wherein said
calculation unit is configured to calculate the radiation
information based on the effective value acquived in a
particular driving cycle and at least one of the effective
value acquived in a driving cycle immediately after the
particular driving cycle and the effective value acquired in
a driving cycle immediately beforve the particular driving
cycle.

57. The apparatus according to claim 44, wherein said
calculation unit is configured to calculate the rvadiation
information based on at least one signal value acquired by
said acquisition unit upon lapse of a predetermined delay
time after said driving unit switches, to the ON voltage, the
driving signal to one or more driving lines and at least one
signal value acquired after the acquisition of the at least one
signal value.

58. The apparatus according to claim 57, wherein the
predetermined delay time is determined based on at least
one of a time constant of said one or more driving lines and
a time constant of said bias line.

59. The apparatus according to claim 58, wherein the
apparatus comprises a plurality of said bias lines and a
plurality of said acquisition units arranged for said respec-
tive bias lines, and

the predetermined delay time is determined for each

acquisition unit.

60. The apparatus according to claim 44, further com-
prising a memory for storing the radiation information,
wherein said determination unit is configured to determine
whether irradiation of said pixel array with radiation is
present based on a difference between the rvadiation infor-
mation calculated in a particular dviving cycle, the particu-
lar driving cycle being a time duration from the time when
a driving signal to a particular one ov more driving lines is
switched to the ON voltage to the time when a driving signal
to another one or more driving lines is switched to the ON
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voltage next to the one of the units of one or movre driving
lines, and radiation information which has been calculated
in a driving cycle preceding the particular driving cycle for
one orv movre driving lines to which the ON voltage has been
supplied in the particular driving cyvcle and which has been
storved in said memory.
61. The apparatus according to claim 44, wherein said
acquisition unit includes an A/D converter, and
the effective value includes a digital effective value
obtained by sampling, by the A/D converter, an analog

signal value vepresenting a current flowing through
said bias line.

62. The apparatus according to claim 44, wherein said
driving unit is configured to supply the driving signal so that
at least one driving line to which the ON voltage is supplied
in a particular driving cycle, the particular driving cycle
being a time duration from the time when a driving signal to
a particular one ov more driving lines is switched to the ON
voltage to the time when a driving signal to another one or
movre driving lines is switched to the ON voltage next to the
one of the units of one or more driving lines, and at least one
driving line to which the ON voltage is supplied in a next
driving cycle are not adjacent to each other.

34

63. The apparatus according to claim 44, wherein said
driving unit sequentially switches, to the ON voltage, driving
signals to odd-numbered driving lines as counted from one
side of said pixel array, and then sequentially switches, to
the ON voltage, driving signals to even-numbered driving
lines as counted from the one side of said pixel array.

64. The apparatus accovding to claim 44, wherein said
driving unit is configured to supply driving signal to the
plurality of driving lines in units of two or more driving
[ines.

65. The apparatus accovding to claim 44, wherein said
driving unit is configurved to end switching of the driving
signal to the ON voltage when said determination unit
determines that said pixel array has been irradiated with
radiation.

66. A radiation imaging system comprising:

a radiation imaging apparatus according to claim 44;

and

a processor for processing a signal output from said

radiation imaging apparatus.
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