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RADIATION IMAGE CAPTURING According to some embodiments , a radiation image cap 
APPARATUS , RADIATION IMAGE turing apparatus including an image capturing unit config 

CAPTURING SYSTEM , AND METHOD OF ured to capture a radiation image , wherein , the image 
CONTROLLING RADIATION IMAGE capturing unit includes a detection element configured to 

CAPTURING APPARATUS 5 detect radiation , and the radiation image capturing apparatus 
comprises a processor configured to perform , in accordance 

CROSS - REFERENCE TO RELATED with an exposure request from a user , a first reset operation 
APPLICATIONS of resetting the detection element , and configured to detect 

an amount of irradiation of the radiation based on a signal 
This application is a Continuation of International Patent from the detection element after the first reset operation , is 

Application No. PCT / JP2017 / 004864 , filed Feb. 10 , 2017 , provided . 
which claims the benefit of Japanese Patent Application No. According to some other embodiments , a control method 
2016-083124 , filed Apr. 18 , 2016 , both of which are hereby for controlling a radiation image capturing apparatus includ 
incorporated by reference herein in their entirety . ing an image capturing unit configured to capture a radiation 

image , wherein , the image capturing unit includes a detec 
BACKGROUND OF THE INVENTION tion element configured to detect radiation , and the method 

comprises resetting the detection element in accordance with 
Field of the Invention an exposure request from a user ; and detecting an amount of 

20 irradiation of the radiation based on a signal from the 
The present invention relates to a radiation image captur detection element after the resetting , is provided . 

ing apparatus , a radiation image capturing system , and a Further features of the present invention will become 
method of controlling the radiation image capturing appa apparent from the following description of exemplary 
ratus . embodiments with reference to the attached drawings . 

15 

25 

Description of the Related Art BRIEF DESCRIPTION OF THE DRAWINGS 

A radiation image capturing apparatus that includes a flat The accompanying drawings , which are incorporated in 
panel detector ( FPD ) where pixels each obtained by com and constitute a part of the specification , illustrate embodi 
bining a conversion element which converts radiation into 30 ments of the invention and , together with the description , 
charges and a switch element such as a thin film transistor serve to explain the principles of the invention . 
( TFT ) are arranged in an array is widely used . In such a FIG . 1 is a diagram showing an example of the arrange 
radiation image capturing apparatus , an Automatic Exposure ment of a radiation image capturing system using a radiation 
Control ( AEC ) function is known . The AEC function detects image capturing apparatus according to an embodiment of 
the amount of irradiation of radiation entering the radiation 35 the present invention ; 
image capturing apparatus during radiation irradiation . Japa FIG . 2 is a diagram showing an example of the arrange 
nese Patent Laid - Open No. 2010-75556 describes a radia ment of a detector of the radiation image capturing apparatus 
tion image capturing apparatus that turns on ( electrically in FIG . 1 ; 
connects ) a switch element of a pixel selected among a FIG . 3 is a sectional view showing a pixel of the radiation 
plurality of pixels to detect the amount of irradiation from 40 image capturing apparatus in FIG . 1 ; 
the start of radiation irradiation and stops radiation irradia FIG . 4 is an equivalent circuit diagram of the radiation 
tion if an accumulated value of a signal output from this image capturing apparatus in FIG . 1 ; 
pixel exceeds a set threshold . FIG . 5 is a flowchart showing a driving method in a 

comparative example of the radiation image capturing sys 
SUMMARY OF THE INVENTION 45 tem in FIG . 1 ; 

FIG . 6 is a timing chart showing a driving method in a 
In a conventional radiation image capturing apparatus , comparative example of the radiation image capturing sys 

before capturing a radiation image , a reset operation of tem in FIG . 1 ; 
resetting each pixel repeatedly in a predetermined cycle is FIG . 7 is a flowchart showing a driving method of the 
performed in order to remove charges generated by a dark 50 radiation image capturing system in FIG . 1 ; 
current in each pixel arranged in the radiation image cap FIG . 8 is a timing chart showing the driving method of the 
turing apparatus . During the reset operation , all the pixels radiation image capturing system in FIG . 1 ; and 
are reset sequentially for each row . When shifting to a FIG.9 is a timing chart showing the driving method of the 
readout operation immediately in accordance with a radia radiation image capturing system in FIG . 1 . 
tion irradiation instruction as described in Japanese Patent 55 
Laid - Open No. 2010-75556 , a time from last resetting to the DESCRIPTION OF THE EMBODIMENTS 
first signal readout for detecting the amount of irradiation 
may vary in a pixel that detects the selected amount of A detailed embodiment of a radiation image capturing 
irradiation . If the time from resetting to the readout opera apparatus according to the present invention will be 
tion varies , the readout amount of charges may vary due to 60 described below with reference to the accompanying draw 
a variation in amount of the charges owing to the dark ings . Note that radiation according to the present invention 
current , decreasing the accuracy of the detected amount of can include not only a - rays , B - rays , and y - rays that are 
irradiation of radiation . beams generated by particles ( including photons ) emitted by 
Some embodiments of the present invention provide a radioactive decay but also beams having energy equal to or 

technique of more accurately detecting the amount of irra- 65 higher than the energy of the above beams generated by the 
diation of radiation entering the radiation image capturing particles , for example , X - rays , particle beams , and cosmic 
apparatus . rays . 
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The arrangements and operations of the radiation image tus 210. The image capturing unit 212 includes a pixel array 
capturing apparatus and a radiation image capturing system 112 that includes a plurality of pixels PIX for capturing a 
according to an embodiment of the present invention will be radiation image . The image capturing unit 212 also includes 
described with reference to FIGS . 1 9. FIG . 1 is a diagram a driver ( row selecting circuit ) 114 configured to drive the 
showing an example of the arrangement of a radiation image 5 pixel array 112 and a readout unit 113 configured to detect 
capturing system 200 using a radiation image capturing signals from the pixels PIX . The image capturing unit 212 
apparatus 210 according to an embodiment of the present also includes gate lines G for transmitting driving signals 
invention . The radiation image capturing system 200 is from the driver 114 by the respective pixels PIX and column 
configured to electrically capture an optical image formed signal lines Sig for transmitting signals output from the 
by radiation and obtain an electrical radiation image ( that is , 10 respective pixels PIX to the readout unit 113. In FIG . 2 , the 
radiation image data ) . 3 ( rows ) x3 ( columns ) pixels PIX are arranged in the pixel 

The radiation image capturing system 200 includes the array 112 for the sake of descriptive convenience . In prac 
radiation image capturing apparatus 210 , an irradiation tice , however , more pixels PIX can be arranged in the pixel 
controller 220 , a radiation source 230 , and a computer 240 . array 112. For example , the 17 - inch pixel array 112 can 
The radiation source 230 performs radiation irradiation in 15 include about the 3,000 ( rows ) x3,000 ( columns ) pixels PIX . 
accordance with an irradiation instruction from the irradia Each pixel PIX includes a conversion element C that 
tion controller 220. Radiation emitted from the radiation detects radiation and a switch SW that connects the conver 
source 230 passes through an object ( not shown ) and irra sion element C and a corresponding one of the column signal 
diates the radiation image capturing apparatus 210. The lines Sig . The conversion element C outputs an electrical 
radiation source 230 stops radiation irradiation in accor- 20 signal ( charges ) corresponding to the amount of radiation 
dance with an irradiation stop instruction from the irradia entering the conversion element C to the column signal line 
tion controller 220 . Sig via the switch SW . The conversion element C may be 

The radiation image capturing apparatus 210 includes an formed as a conversion element of a direct type that converts 
image capturing unit 212 configured to capture a radiation radiation into an electrical signal directly or may be formed 
image and a processor 214 configured to detect the amount 25 as a conversion element of an indirect type that detects , after 
of irradiation of incident radiation . The image capturing unit radiation is converted into light , the converted light . For the 
212 includes a pixel array where a plurality of pixels for conversion element C of the indirect type , a scintillator for 
capturing a radiation image and detection elements for converting radiation into light can be shared by the plurality 
detecting the amounts of irradiation of radiation are of pixels PIX . 
arranged . Based on a signal output from the image capturing 30 The switch SW can be formed by , for example , a tran 
unit 212 , the processor 214 detects the amount of the sistor such as a thin film transistor ( TFT ) that includes a 
incident radiation and outputs an irradiation stop signal for control terminal ( gate ) and two main terminals ( the source 
stopping radiation irradiation from the radiation source 230 . and the drain ) . The conversion element C includes two main 
The irradiation stop signal is supplied to the irradiation electrodes , the one main electrode of the conversion element 
controller 220 , and the irradiation controller 220 sends the 35 C is connected to the one main terminal out of the two main 
irradiation stop instruction to the radiation source 230 in terminals of the switch SW , and the other main electrode of 
accordance with the irradiation stop signal . In this embodi the conversion element C is connected to a bias power 
ment , the processor 214 also controls the operation of the supply 103 via a common bias line Bs . The bias power 
image capturing unit 212. The processor 214 may be formed supply 103 supplies a bias voltage Vs to the respective 
by , for example , a PLD ( Programmable Logic Device ) such 40 conversion elements C. The control terminals of the 
as an FPGA ( Field Programmable Gate Array ) . Alterna switches SW in the pixels PIX of the first row are connected 
tively , the processor 214 may be formed by an ASIC to a gate line G1 . The control terminals of the switches SW 
( Application Specific Integrated Circuit ) or a general - pur in the pixels PIX of the second row are connected to a gate 
pose computer with a program installed therein . Alterna line G2 . The control terminals of the switches SW in the 
tively , the processor 214 may be formed by a combination 45 pixels PIX of the third row are connected to a gate line G3 . 
of all or some of them . The operation of the image capturing The driver 114 supplies respective driving signals Vg1 , Vg2 , 
unit 212 is not limited to control by the processor 214 , and and Vg3 to the gate lines G1 , G2 , and G3 . 
a controller configured to control the operation of the image The main terminals out of the main terminals of the 
capturing unit 212 may be arranged separately from the switches SW in the pixels PIX of the first column which are 
processor . In this case , the controller arranged separately 50 not connected to the conversion elements C are connected to 
may be formed by , for example , a PLD such as an FPGA or a column signal line Sigl of the first column . The main 
an ASIC . terminals of the switches SW in the pixels PIX of the second 

The computer 240 controls the radiation image capturing column which are not connected to the conversion elements 
apparatus 210 and the irradiation controller 220. The com C are connected to a column signal line Sig2 of the second 
puter 240 also receives the radiation image data output from 55 column . The main terminals of the switches SW in the pixels 
radiation image capturing apparatus 210 and processes the PIX of the third column which are not connected to the 
radiation image data . In an example , the irradiation control conversion elements C are connected to a column signal line 
ler 220 includes an exposure switch , and sends an irradiation Sig3 of the third column . Each column signal line Sig 
instruction to the radiation source 230 and sends a start includes a capacitor CC . 
notification indicating the start of radiation irradiation to the 60 The readout unit 113 includes a plurality of column 
computer 240 when a user turns on the exposure switch . The amplifying units CA so that one column amplifying unit CA 
computer 240 receiving the start notification notifies , in corresponds to one column signal line Sig . Each column 
accordance with the start notification , the processor 214 in amplifying unit CA can include an integration amplifier 105 , 
the radiation image capturing apparatus 210 of the start of a variable amplifier 104 , a sample and hold circuit 107 , and 
radiation irradiation . 65 a buffer circuit 106. The integration amplifier 105 amplifies 

FIG . 2 shows an example of the arrangement of the image each signal that appears in the corresponding signal line Sig . 
capturing unit 212 in the radiation image capturing appara The integration amplifier 105 can include an operational 
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amplifier , an integration capacitor connected in parallel element C includes a conductive layer 318 , an insulating 
between the inverting input terminal and the output terminal layer 319 , a semiconductor layer 320 , an impurity semicon 
of the operational amplifier , and a reset switch . A reference ductor layer 321 , a conductive layer 322 , a protection layer 
potential Vref is supplied to the non - inverting input terminal 323 , an adhesion layer 324 , and the scintillator 325 stacked 
of the operational amplifier . The potential of each column 5 on the interlayer dielectric film 316 . 
signal line Sig is reset to the reference potential Vref The conductive layer 318 and the conductive layer 322 , 
together with the resetting of the integration capacitor by respectively , form a lower electrode and upper electrode of 
turning on the reset switch . The reset switch can be con a photoelectric conversion element that forms the conver 
trolled by a reset pulse supplied from the processor 214 . sion element C. The conductive layer 322 is made of , for 

The variable amplifier 104 amplifies a signal by an 10 example , a transparent material . The conductive layer 318 , 
amplification factor set by the integration amplifier 105. The the insulating layer 319 , the semiconductor layer 320 , the 
sample and hold circuit 107 samples and holds the signal impurity semiconductor layer 321 , and the conductive layer 
output from the variable amplifier 104. The sample and hold 322 form a MIS sensor serving as a photoelectric conversion 
circuit 107 can be constituted by , for example , a sampling element . The conversion element C is not limited to a MIS 
switch and a sampling capacitor . The buffer circuit 106 15 conversion element and may be , for example , a pn or pin 
buffers ( impedance - converts ) the signal output from the photodiode . The impurity semiconductor layer 321 is 
sample and hold circuit 107 and outputs the signal . The formed by , for example , an n - type impurity semiconductor . 
sampling switch can be controlled by a sampling pulse The scintillator 325 is formed by , for example , a gadolinium 
supplied from the processor 214 . based material such as gadolinium oxysulfide ( GOS ) or a 

The readout unit 113 also includes a multiplexer 108 that 20 material such as cesium iodide ( CsI ) . 
selects and outputs , in a predetermined order , the signals Alternatively , the conversion element C may be formed as 
from the plurality of column amplifying units CA provided a conversion element of a direct type that converts incident 
so as to correspond with the plurality of column signal lines radiation into an electrical signal ( charges ) directly . A con 
Sig , respectively . The multiplexer 108 includes , for version element that is mainly made of , for example , amor 
example , a shift register . The shift register performs a shift 25 phous selenium ( a - Se ) , gallium arsenide ( GaAs ) , gallium 
operation in accordance with a clock signal supplied from phosphide ( Gal ) , lead iodide ( Pbl ) , mercury iodide ( Hg . ) , 
the processor 214. The shift register selects a signal out of cadmium telluride ( CdTe ) , cadmium zinc telluride 
the plurality of column amplifying units CA. The readout ( CdZnTe ) , or the like can be given as the conversion element 
unit 113 can also include a buffer 109 which buffers ( im C of the direct type . In this case , the scintillator 325 need not 
pedance - converts ) the signal output from the multiplexer 30 be arranged . 
108 and an AD convertor 110 which converts an analog In an arrangement shown in FIG . 3 , in orthogonal pro 
signal , as the output signal from the buffer 109 , into a digital jection to a surface where the pixel array 112 is formed , each 
signal . The output of the AD convertor 110 , that is , the column signal line Sig overlaps a part of a corresponding 
radiation image data is supplied to the computer 240 . one of the pixels PIX . While such an arrangement is 

FIG . 3 shows an example of the sectional structure of the 35 advantageous in increasing the area of the conversion ele 
pixel PIX including the conversion element C of the indirect ment C in the pixel PIX , it is disadvantageous in increasing 
type . The pixel PIX is formed on an insulating substrate 310 capacitive coupling between the column signal line Sig and 
such as a glass substrate . Alternatively , for example , a metal the conversion element C. When radiation enters the con 
or semiconductor substrate may be used for the substrate version element C , charges are accumulated in the conver 
310 , and the pixel PIX may be formed on an insulating layer 40 sion element C , and the potential of the conductive layer 318 
on the substrate . The pixel PIX includes , on the substrate serving as the lower electrode changes , the potential of the 
310 , a conductive layer 311 , an insulating layer 312 , column signal line Sig also changes by the capacitive 
semiconductor layer 313 , impurity semiconductor layers coupling between the column signal line Sig and the con 
314 , and conductive layers 315. The conductive layer 311 version element C. An overlap between the pixel PIX and 
forms the gate of a transistor ( for example , a TFT ) that forms 45 the column signal line Sig can be designed appropriately in 
the switch SW . The insulating layer 312 is arranged so as to accordance with specifications required of the radiation 
cover the conductive layer 311. The semiconductor layer image capturing apparatus 210 . 
313 is arranged above a portion of the conductive layer 311 The operations of the radiation image capturing apparatus 
that forms the gate on the insulating layer 312. The impurity 210 and radiation image capturing system 200 will be 
semiconductor layers 314 are arranged on the semiconductor 50 described next with reference to FIGS . 4 to 9. The operation 
layer 313 so as to form two main terminals ( the source and of the radiation image capturing system 200 is controlled by 
the drain ) of the transistor that forms the switch SW . The the computer 240. The operation of the radiation image 
conductive layers 315 form wiring patterns connected to the capturing apparatus 210 is controlled by the processor 214 
two main terminals ( the source and the drain ) of the tran under the control by the computer 240 . 
sistor that forms the switch SW . One part of the conductive 55 FIG . 4 is a simple equivalent circuit diagram of the pixel 
layers 315 forms the column signal line Sig , and the other array 112. In an arrangement shown in FIG . 4 , the pixel array 
part forms a wiring pattern for connecting the conversion 112 includes the 3 ( rows ) x7 ( columns ) pixels PIX . In this 
element C and the switch SW . embodiment , the pixels PIX out of the plurality of pixels 

The pixel PIX further includes an interlayer dielectric film PIX connected to gate lines GA , GB , and GC are used as 
316 that covers the insulating layer 312 and the conductive 60 detection elements 121 , 122 , and 123 each for detecting the 
layers 315. The interlayer dielectric film 316 includes a amount of irradiation of incident radiation . In this embodi 
contact plug 317 to be connected to the switch SW via the ment , each of the detection elements 121 , 122 , and 123 can 
conductive layer 315. In the pixel PIX , the conversion have the same structure as other pixels PIX and form a signal 
element C is arranged on the interlayer dielectric film 316 . that forms radiation image data . By reading out a signal from 
In FIG . 3 , the conversion element C is formed as a conver- 65 each of the detection elements 121 , 122 , and 123 during 
sion element of an indirect type that includes a scintillator radiation irradiation as well , it is possible to detect the 
325 for converting radiation into light . The conversion amount of irradiation of the incident radiation and use it for , 

a 
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for example , the operation of Automatic Exposure Control charges refer to charges owing to , for example , a dark 
( AEC ) . In the arrangement shown in FIG . 4 , the detection current or the like which are generated even though no 
elements are set for every other row out of the 3 ( row ) x7 radiation enters the conversion elements C. 
( columns ) pixels PIX . In practice , however , detection ele Then , when the user turns on an exposure switch , the 
ments may be set for about one row in several hundred rows 5 process advances to step S417 . Based on , for example , a 
at a position capable of covering a lung field in accordance start notification supplied from an irradiation controller 220 
with , for example , imaging of a chest region . There may be via the computer 240 , the processor 214 can recognize the 
only one detection element or a plurality of detection start of radiation emission from the radiation source 230. A 
elements as shown in FIG . 4. In this embodiment , the detection circuit that detects a current flowing through a bias 
detection elements use the pixels PIX selected from the 10 line Bs , the column signal lines Sig , or the like of the pixel 
plurality of pixels PIX . However , a dedicated detection array 112 by the start of radiation irradiation . The processor 
element different from the pixel PIX may be used in order 214 can recognize the start of radiation emission from the 
to detect the amount of irradiation of radiation . radiation source 230 based on an output of the detection 

FIG . 5 is a flowchart showing a driving method in a circuit . Upon recognizing the start of radiation emission 
comparative example for this embodiment of a radiation 15 from the radiation source 230 , the image capturing operation 
image capturing apparatus 210 and radiation image captur advances from step S417 to step S418 . 
ing system 200. The radiation image capturing apparatus In step S418 , the readout unit 113 electrically connects , on 
may capture a still image by performing an image capturing a row - by - row basis , respective switches SW of detection 
operation of performing image capturing in step S400 once elements 121 to 123 each for detecting the amount of 
or may capture a moving image by performing step S400 20 irradiation of radiation out of the plurality of pixels PIX that 
repeatedly a plurality of times . A one - time image capturing form the pixel array 112. More specifically , the driver 114 
operation in step S400 will be described here . sequentially drives driving signals VgA to VgC supplied to 

First , in step S410 , an image capturing preparation is the gate lines GA to GC of the pixel array 112 at the active 
made . The image capturing preparation can include , for level . When the driving signals VgA to VgC are set at the 
example , the setting of an image capturing portion , the 25 active level , the respective switches SW of the detection 
setting of a radiation irradiation condition , the setting of a elements 121 to 123 are electrically connected and turned on 
region of interest or exposure information for performing sequentially . Consequently , charges accumulated in the con 
Automatic Exposure Control ( AEC ) , and the like . They can version elements C by radiation irradiation are read out to 
be set , for example , by a user via an input device of a the readout unit 113 via the column signal lines Sig . Note 
computer 240. The setting of the exposure information may 30 that an order in which the switches SW are turned on may 
be the setting of a target exposure amount in one region of be set in accordance with a region of interest . The switches 
interest . Alternatively , the setting of the exposure informa SW may be turned on , for example , sequentially from a 
tion may be a maximum value or an average value of detection element set at the edge of a radiation detection 
exposure amounts in a plurality of regions of interest . panel . For example , a readout operation for detecting the 
Alternatively , the setting of the exposure information may be 35 amount of irradiation of radiation that sets the driving 
a difference between or the ratio of the maximum value and signals VGA , VgB , and VgC at the active level in the order 
a minimum value of the exposure amounts in the plurality of of the gate lines GA ? GB > GC and reads out signals 
regions of interest . Alternatively , the setting of the exposure repeatedly in the order of the detection elements 121 , 122 , 
information may be decided based on the image capturing and 123 is performed . 
portion or the radiation irradiation condition ( irradiation 40 In step S420 , if an accumulated value of the amount of 
energy ) . In accordance with the setting of the exposure irradiation of radiation detected from each of the detection 
information , a threshold of the amount of irradiation of elements 121 to 123 is smaller than a threshold of a radiation 
radiation for deciding a timing at which radiation emission dose preset in accordance with the setting of the exposure 
is to be stopped by a radiation source 230 in the processor information , step S418 is repeated . In step S420 , if the 
214 is decided . 45 accumulated value of the amount of irradiation of radiation 

After the image capturing preparation , the process shifts exceeds the threshold of the radiation dose preset in accor 
to step S412 . In step S412 , the processor 214 resets an image dance with the setting of the exposure information , the 
capturing unit 212 repeatedly until radiation irradiation from process advances to step S422 in which the processor 214 
the radiation source 230 to the radiation image capturing outputs an irradiation stop signal for stopping radiation 
apparatus 210 via an object is started . More specifically , the 50 irradiation . The irradiation stop signal is supplied to the 
processor 214 causes each of a driver 114 and a readout unit irradiation controller 220 , and the irradiation controller 220 
113 of the image capturing unit 212 to perform a reset sends an irradiation stop instruction to the radiation source 
operation of resetting respective pixels PIX repeatedly . In 230 in accordance with the irradiation stop signal . When 
step S414 , it is determined whether an exposure request radiation irradiation stops , the process advances to step S424 
from the user is input . If it is determined that radiation 55 in which the processor 214 reads out charges generated by 
irradiation is started by the input of the exposure request , the radiation irradiation from the respective pixels PIX in order 
reset operation is ended , and the process advances to step to generate radiation image data . 
S417 . If it is determined that radiation emission is not started In order to clarify the usefulness of a radiation image 
without receiving an irradiation request , the process returns capturing apparatus 210 and radiation image capturing sys 
to step S412 . In the reset operation , the driver 114 sequen- 60 tem 200 of this embodiment , a comparative example will be 
tially drives driving signals Vg supplied to gate lines G1 , described next with reference to FIG . 6. FIG . 6 is a timing 
GA , G2 , GB , G3 , GC , and G4 of a pixel array 112 at an chart showing a driving method in the comparative example 
active level and removes dark charges accumulated in for a driving method of the radiation image capturing 
respective conversion elements C. In the reset operation , a apparatus 210. FIG . 6 shows , in respective driving states 
reset pulse at the active level is supplied to a reset switch of 65 from step S412 to step S424 , driving signals Vg applied to 
an integration amplifier 105 , resetting column signal lines gate lines G and charge information as the amount of 
Sig to a reference potential . In this specification , the dark charges read out from each of detection elements 121 to 123 . 
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FIG . 6 also shows an accumulated value of the amount of embodiment will be described with reference to FIGS . 7 and 
irradiation of incident radiation obtained from the charge 8. FIG . 7 and FIG . 8 are , respectively , a flowchart and timing 
information of the detection element 121 out of the detection chart showing the driving method of the radiation image 
elements 121 to 123 . capturing apparatus 210 and radiation image capturing sys 

If the driving signals Vg are at HI level , the switches SW tem 200. In the flowchart of FIG . 7 , step S412 and step S414 
of respective pixels PIX are electrically connected and are the same as in FIG . 5 described above , and thus a 
turned on . In step S412 , the pixels PIX and detection description thereof will be omitted . In this embodiment , 
elements 121 to 123 of an image capturing unit 212 sequen when an exposure request from the user is input , the process 
tially perform , for each row , a reset operation of repeating advances to step S416 before step S417 in which radiation 
resetting . Then , consider a case in which the process shifts 10 irradiation is started . In step S416 , in a period T3 , a reset 
to driving for exposure control by an exposure request signal operation of resetting the detection elements 121 to 123 
by operating an exposure switch by a user . Driving for the connected to the gate lines GA to GC is performed in 
exposure control here refers to a readout operation for accordance with the exposure request . The reset operation is 
detecting the amount of irradiation of radiation that reads out controlled such that all the detection elements 121 to 123 are 
the signal from each of the detection elements 121 to 123 15 reset at least once . At this time , the pixels PIX except the 
repeatedly on a row - by - row basis for Automatic Exposure detection elements 121 to 123 are not reset , setting a state 
Control ( AEC ) . When an exposure request is input by capable of accumulating charges generated by incident 
turning on the exposure switch , as in a period T2 , the radiation . Furthermore , after the reset operation , before a 
switches SW of the detection elements 121 to 123 are readout operation for detecting the amount of irradiation of 
electrically connected ( turned on ) by setting driving signals 20 incident radiation , in a time between the exposure request 
VgA , VgB , and VgC at HI level sequentially . Moreover , a and radiation irradiation , the dark charge components used 
readout unit 113 is driven simultaneously , obtaining pieces to correct the charge information may be read out . In other 
of charge information A to C. These pieces of charge words , after reading out the dark charge components , the 
information include signal components La to Lc converted irradiation controller 220 may supply an irradiation instruc 
from radiation into light and generated by conversion ele- 25 tion to the radiation source 230. In an arrangement shown in 
ments C , and dark charge components Da to Dc and Da ' to FIG . 8 , the reset operation of the detection elements 121 to 
Dc ' of the conversion elements C which are not needed for 123 is performed in the period T3 , and a readout operation 
the operation of the amount of irradiation of incident radia of reading out the dark charge components is performed in 
tion . a period T4 . After performing the readout operation of 

Further focusing on the dark charge components , the 30 reading out the dark charge components in the period T4 , the 
amount of the dark charge component Da read out in a processor 214 shifts to step S418 in which a readout opera 
period T2a and the amount of the dark charge component tion of reading out the amount of irradiation of incident 
Da ' read out in a period T2b are different . In a reset operation radiation from each of the detection elements 121 to 123 is 
performed in a period T1 , let T11 be a time from the start of performed . In accordance with the start of step S418 in 
one - time resetting to the start of next resetting by each of all 35 which the amount of irradiation of radiation is detected , the 
the pixels PIX and the detection elements 121 to 123. On the irradiation controller 220 supplies the irradiation instruction 
other hand , let T12 be a time from the start of a readout to to the radiation source 230 , irradiating the radiation image 
the start of a next readout in each of the detection elements capturing apparatus 210 with radiation . At this time , in each 
121 to 123 upon radiation irradiation by the exposure of the detection elements 121 to 123 , a time T13 from the 
request . In the period T2 , only rows where the selected 40 start of resetting to the start of the readout of the dark charge 
detection elements 121 to 123 are arranged are driven at a component and a time T14 from the start of the readout of 
high speed , and thus the time T11 the time T12 holds . In this the dark charge component to the start of the first readout for 
case , for example , a time from the start of last resetting in a detecting the amount of irradiation may be equal to each 
reset operation by the switches SW of a gate line GA to the other . Furthermore , these times T13 and T14 , and a time T15 
start of the first signal readout in a readout operation and a 45 from the start of one - time signal readout to the next readout 
time to the start of the second or subsequent signal readout in the readout operation of reading out the amount of 
in the readout operation are different . Accordingly , the irradiation of the incident radiation in each of the detection 
amount of the dark charge component Da accumulated from elements 121 to 123 may be equal to each other . In other 
the last resetting to the first signal readout and the amount of words , a time needed for a reset operation of resetting each 
the dark charge component Da ' accumulated until the second 50 of all the pixels of the detection elements 121 to 123 once 
or subsequent signal readout are different , and thus the and a time in which a signal is read out from each of all the 
amount of the dark charge component Da the amount of the pixels of the detection elements 121 to 123 once may be 
dark charge component Da ' holds . Therefore , if , for equal to each other . Because only the rows where the 
example , the dark charge components are read out in the selected detection elements 121 to 123 are arranged are 
period T2a immediately before exposure , and the dark 55 driven at a high speed in the times T13 , T14 , and T15 , the 
charge components are subtracted from the charge informa time T11 as a cycle in which all the pixels PIX and the 
tion read out in the period T2b for correction , the charge detection elements 121 to 123 are reset can be equal to or 
components generated by radiation irradiation may also be longer than the times T13 , T14 , and T15 . That is , the time 
lost . Because the amounts of the dark charge components Da T11 > the time T13 = the time T14 = the time T15 can hold in 
to Dc are different , for example , if a different detection 60 the times T11 , T13 , T14 , and T15 . 
element out of the detection elements 121 to 123 is selected Detection pixels are reset before detecting the amount of 
each time a radiation image is captured , the amount of irradiation of radiation from each of the detection elements 
irradiation of radiation that is actually emitted may vary . 121 to 123. This makes it possible to reduce a difference in 

In order to suppress the influence of the dark charge dark charge component owing to a time difference between 
components Da to Dc and Da ' to Dc ' as described above , a 65 the time T11 needed to reset each of all the pixels PIX and 
driving method of the radiation image capturing apparatus the detection elements 121 to 123 once , and the time T13 
210 and radiation image capturing system 200 in this needed to reset each of the detection elements 121 to 123 
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once . This makes it possible to improve accuracy in detect radiation image data to the computer 240 via the multiplexer 
ing the amount of irradiation of incident radiation . In the 108 , the buffer 109 , and the AD convertor 110 . 
period T4 , it is also possible to obtain dark charge compo Step S424 in which the image signals are read out may 
nents for correcting the amounts of the dark charge compo include driving for correcting offset components such as 
nent Da ' to Dc ' superimposed when dose information is 5 dark charges included in the image signals . For example , as 
obtained in a period T5 . By detecting the amount of irra in the arrangement shown in FIG . 8 , after image signals are 
diation of the incident radiation based on charge information read out in a period T7 , a reset operation of resetting the 
as a signal obtained in the period T5 and the amounts of the respective pixels PIX is performed . This reset operation may 
dark charge components as signals obtained in the period T4 , be performed on all the pixels PIX and the detection 
it becomes possible to further improve the accuracy of the 10 elements 121 to 123. A time in which all the pixels PIX and the detection elements 121 to 123 are reset may be equal to detected amount of irradiation . the time T11 . Subsequently , during a period T18 , offset Note that if the reset operation of the detection elements components of the pixels PIX are accumulated and read out 121 to 123 is repeated a plurality of times in the period T3 from the respective pixels PIX in a period T9 . While the in step S416 , the operation may be repeated in the time T13 . 15 image signals read out in the period T7 include signals and Similarly to the reset operation , if the readout of the dark offset components generated by radiation irradiation , data charge components is repeated a plurality of times in the read out in the period T9 includes only offset components . 
period T4 , the readout may be repeated in the time T14 , and Therefore , based on both the signals obtained in the period 
obtained dark charge components may be averaged and used T7 and signals obtained in the period T9 , a signal for 
for data for correcting the dark charge components . Note 20 generating a radiation image is obtained . More specifically , 
that in this embodiment , each of the detection elements 121 correction is performed by subtracting the signals obtained 
to 123 is reset once in the time between the exposure request in the period T9 from the signals obtained in the period T7 . 
from the user and radiation irradiation , making the length of Note that let T16 be a time from the start of the last resetting 
the period T3 in which the reset operation is performed equal in the reset operation for the pixels PIX and the detection 
to that of the time T13 . Similarly , the dark charge component 25 elements 121 to 123 shown in the period T1 to the start of 
is read out from each of the detection elements 121 to 123 a signal readout in the readout operation for reading out the 
once , making the length of the period T4 in which the image signals . In addition , let T18 be a time from the start 
readout operation of the dark charge components is per of the last resetting in the reset operation performed after the 
formed become equal to that of the time T14 . readout operation for the image signals to the start of a signal 
Next , in step S418 , the processor 214 calculates the 30 readout in the readout operation for the offset components . 

accumulated value of the amount of irradiation of the The time T16 and the time T18 may be made equal to each 
incident radiation from the charge information as the signal other in order to correct the offset components of the pixels 
output from each of the detection elements 121 to 123. At PIX more accurately . 
this time , a signal input to the processor 214 may include an Next , a method of reducing the influence of a potential 
offset variation or a gain variation in the pixel array 112 and 35 change for each column signal line Sig owing to capacitive 
readout unit 113. To cope with this , offset correction or gain coupling between the column signal line Sig and a corre 
correction may be performed for each column signal line Sig sponding one of the conversion elements C when the signal 
before integrating signals output from the detection elements is read out from each of the detection elements 121 to 123 
121 to 123. This makes it possible perform higher - accuracy in step S418 will be described with reference to FIG . 9. FIG . 
exposure control . 40 9 is a timing chart showing a modification of the timing chart 

Then , in step S420 , the processor 214 determines whether shown in FIG . 8. As in the timing chart described in FIG . 8 
to stop radiation irradiation based on the accumulated value above , in accordance with an exposure request from the user , 
of the detected amount of irradiation of radiation . More the reset operation of the detection elements 121 to 123 is 
specifically , the processor 214 determines whether the accu performed in the period T3 , and the readout operation of 
mulated value of the amount of irradiation exceeds a preset 45 reading out the dark charge components is performed in the 
threshold , and the process shifts to step S422 if the processor period T4 . Subsequently , when radiation exposure is started , 
214 determines that the accumulated value exceeds the crosstalk serving as a noise component that changes the 
threshold . In step S422 , the processor 214 outputs an irra potential of the column signal line Sig even though the 
diation stop signal for stopping radiation emission from the corresponding switch SW is not turned on ( electrically 
radiation source 230. In accordance with this irradiation stop 50 connected ) occurs by the capacitive coupling between the 
signal , the irradiation controller 220 sends a stop instruction column signal line Sig and the conversion element C. 
to the radiation source 230 , and the radiation source 230 Similarly to a dark charge component , a crosstalk compo 
stops radiation emission in accordance with the stop instruc nent is not needed when integrating an accumulated value of 
tion . Consequently , an exposure amount is controlled prop the dose of incident radiation , requiring correction . This 
erly . 55 crosstalk component is generated regardless of whether the 
When the radiation irradiation is stopped , the process switch SW is ON or OFF . Therefore , in addition to the 

advances to step S424 in which a readout operation of readout operation of reading out the signal from the column 
reading out an image signal for generating a radiation image signal line Sig with the readout unit 113 by turning on the 
from each pixel PIX arranged in the image capturing unit switch SW of each of the detection elements 121 to 123 , the 
212 is performed . In step S424 , the processor 214 causes 60 signal is read out from the column signal line Sig by turning 
each of the driver 114 and the readout unit 113 to perform off the switch SW in each of the detection elements 121 to 
the readout operation . In the readout operation for the image 123. That is , after the signals are read out from the detection 
signals , the driver 114 sequentially drives the driving signals elements 121 to 123 and before next signals are read out , the 
Vg supplied to the respective gate lines G of the pixel array processor 214 performs a readout operation of reading out 
112 at the active level . Then , the readout unit 113 reads out 65 the noise components of the column signal lines Sig that 
the charges accumulated in the conversion elements C via transmit the signals output from the detection elements 121 
the plurality of column signal lines Sig and outputs them as to 123 to the readout unit 113. A signal read out by turning 
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on the switch SW includes the amount of the dark charge tions of one or more of the above - described embodiment ( s ) , 
component Da ' and a crosstalk component Cta in addition to and by a method performed by the computer of the system 
a signal La effective in obtaining dose information generated or apparatus by , for example , reading out and executing the 
by radiation . On the other hand , a signal read out by turning computer executable instructions from the storage medium 
off the switch SW includes only Cta . In order to extract only 5 to perform the functions of one or more of the above 
the signal La , the amount of the dark charge component Da ' described embodiment ( s ) and / or controlling the one or more 
read out before radiation irradiation and the crosstalk com circuits to perform the functions of one or more of the 
ponent Cta obtained when turning off the switch SW can be above - described embodiment ( s ) . The computer may com 
subtracted from the signal read out by turning on the switch prise one or more processors ( e.g. , central processing unit 
SW . That is , by obtaining the dose information based on the 10 ( CPU ) , micro processing unit ( MPU ) ) and may include a 
signals obtained in the readout operation in the period T5 , network of separate computers or separate processors to read 
the signals by the dark charge components obtained in the out and execute the computer executable instructions . The 
period T4 , and the crosstalk components serving as the noise computer executable instructions may be provided to the 
components , it becomes possible to further improve the computer , for example , from a network or the storage 
accuracy of radiation dose information . 15 medium . The storage medium may include , for example , one 

In the arrangement shown in each of FIGS . 8 and 9 , a or more of a hard disk , a random - access memory ( RAM ) , a 
method of performing the reset operations for the detection read only memory ( ROM ) , a storage of distributed comput 
elements 121 to 123 and the readout operation of reading out ing systems , an optical disk ( such as a compact disc ( CD ) , 
data for correcting the dark charge components immediately digital versatile disc ( DVD ) , or Blu - ray Disc ( BD ) TM ) , a 
before radiation irradiation has been shown . However , the 20 flash memory device , a memory card , and the like . 
present invention is not limited to this , and data for correct While the present invention has been described with 
ing the dark charge components of the detection elements reference to exemplary embodiments , it is to be understood 
121 to 123 may be obtained in advance . In this case , the reset that the invention is not limited to the disclosed exemplary 
operation is performed first , and then the data for correcting embodiments . The scope of the following claims is to be 
the dark charge components is obtained . Also in this case , a 25 accorded the broadest interpretation so as to encompass all 
time from the start of resetting in the reset operation to the such modifications and equivalent structures and functions . 
start of the readout of the data for correcting the dark charge What is claimed is : 
components and the time T15 as a cycle for detecting the 1. A radiation image capturing apparatus , comprising : 
dose of incident radiation are made equal to each other . an image capturing unit comprising a plurality of pixels 

In this embodiment , the detection elements 121 to 123 30 and configured to capture a radiation image , a part of 
each for detecting the amount of irradiation of radiation are the plurality of the pixels which is used as a detection 
selected among the plurality of pixels PIX arranged in the element configured to detect radiation for obtaining an 
pixel array 112 of the image capturing unit 212 and used . accumulated value of irradiated radiation incident on 
However , a dedicated detection element different from the the radiation image capturing apparatus separately 
pixel PIX may be used in order to detect the amount of 35 from obtaining the radiation image , and 
irradiation of radiation . Also in a case in which the dedicated a processor configured to calculate the accumulated value 
detection element is used , a reset operation of resetting the of irradiated radiation based on a signal from the part 
respective detection elements repeatedly can be performed of the plurality of the pixels , wherein the processor is 
before the exposure request from the user is input . While the configured to : 
plurality of detection elements are reset sequentially , even if 40 perform an operation of repeatedly resetting the plurality 
the exposure request is input halfway through a scan , an of the pixels before receiving an exposure request from 
operation of resetting all the detection elements at least once a user ; 
in the period T3 is performed in accordance with the perform a reset operation of resetting the part of the 
exposure request . After the reset operation is performed in plurality of pixels in accordance with the exposure 
the period T3 , the amount of irradiation of incident radiation 45 request , where pixels , of the plurality of the pixels , 
is detected . This makes it possible to make the amounts of other than the part of the plurality of the pixels are not 
the dark charge components output from the respective reset ; and 
detection elements equal to each other as in the above calculate the accumulated value of irradiated radiation 
description and improve the accuracy of the detected amount based on the signal from the part of the plurality of the 
of irradiation . As in the above description , the period T4 in 50 pixels after the reset operation of resetting the part of 
which the dark charge components are read out may be the plurality of the pixels . 
provided between the period T3 in which the reset operation 2. The radiation image capturing apparatus according to 
is performed and the period T5 in which the amount of claim 1 , wherein the image capturing unit comprises a pixel 
irradiation of radiation is detected . In the period T4 , by array where the plurality of pixels are arranged . 
obtaining a dark charge component for correcting a dark 55 3. The radiation image capturing apparatus according to 
charge component superimposed when obtaining the dose claim 1 , wherein the radiation image capturing apparatus is 
information in the period T5 , it is possible to improve the configured to perform a first readout operation for calculat 
accuracy of the detected amount of irradiation of radiation . ing the accumulated value of irradiated radiation by repeat 
Embodiment ( s ) of the present invention can also be edly reading out the signal from the part of the plurality of 

realized by a computer of a system or apparatus that reads 60 the pixels , and 
out and executes computer executable instructions ( e.g. , one a time from a start of resetting in the reset operation to a 
or more programs ) recorded on a storage medium ( which start of a first signal readout in the first readout opera 
may also be referred to more fully as a ' non - transitory tion is the same as a time in the first readout operation 
computer - readable storage medium ' ) to perform the func from a start of a signal readout to a start of a next 
tions of one or more of the above - described embodiment ( s ) 65 readout from the detection element . 
and / or that includes one or more circuits ( e.g. , application 4. The radiation image capturing apparatus according to 
specific integrated circuit ( ASIC ) ) for performing the func claim 3 , wherein a time in the operation of repeatedly 
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resetting the plurality of the pixels from a start of resetting detect the amount of irradiated radiation based on the 
to a start of next resetting is not shorter than the time in the signal obtained by the first readout operation , the signal 
first readout operation from the start of the signal readout to obtained by the second readout operation , and the noise 
the start of the next readout . component . 

5. The radiation image capturing apparatus according to 5 9. The radiation image capturing apparatus according to 
claim 4 , wherein claim 1 , wherein an irradiation stop signal for causing ( i ) the radiation image capturing apparatus is configured radiation irradiation to stop is output based on a detected to output an irradiation stop signal for causing radiation amount of irradiated radiation . irradiation to stop based on the accumulated value of 10. A radiation image capturing system , comprising : irradiation radiation , and after causing the first readout 10 a radiation image capturing apparatus according to claim operation to stop , 9 ; the radiation image capturing apparatus is configured to a radiation source configured to perform radiation irra perform a third readout operation of reading out a 

signal from the image capturing unit , diation ; and 
the radiation image capturing apparatus is configured to 15 an irradiation controller configured to control radiation 

perform a reset operation of resetting the image cap irradiation , wherein 
turing unit after the third readout operation , and the irradiation controller is configured to cause the radia 

the radiation image capturing apparatus is configured to tion source to perform radiation irradiation to the 
perform a fourth readout operation of reading out a radiation image capturing apparatus in accordance with 
signal from the image capturing unit after the reset 20 a start of detection of an amount of irradiation of 
operation of resetting the image capturing unit , radiation , and 

( ii ) the radiation image is obtained based on the signal the irradiation controller is configured to cause radiation 
obtained by the third readout operation and the signal irradiation from the radiation source to the radiation 
obtained by the fourth readout operation , and image capturing apparatus to stop in accordance with 

( iii ) a time from a start of last resetting in the reset 25 the irradiation stop signal . 
operation of repeatedly resetting the image capturing 11. A radiation image capturing system , comprising : 
unit to a start of a signal readout in the third readout a radiation image capturing apparatus according to claim 
operation is the same as a time from a start of resetting 1 ; in the reset operation of resetting the image capturing a radiation source configured to perform radiation irra unit to a start of a signal readout in the fourth readout 30 diation ; and operation . an irradiation controller configured to control radiation 6. The radiation image capturing apparatus according to 

claim 1 , wherein the radiation image capturing apparatus is irradiation , wherein 
the irradiation controller causes the radiation source to configured to perform a second readout operation of reading 

out the signal from the part of the plurality of the pixels at 35 perform radiation irradiation to the radiation image 
a time after the reset operation , and between the exposure capturing apparatus in accordance with a start of detec 

tion of an amount of irradiation of radiation . request and radiation irradiation , 
the radiation image capturing apparatus is configured to 12. The radiation image capturing apparatus according to 

perform a first readout operation of detecting the claim 1 , wherein an irradiation stop signal for causing 
amount of irradiated radiation by reading out the signal 40 radiation to stop is output for an operation of automatic 
from the part of the plurality of the pixels repeatedly exposure control based on the accumulated value of irradi 
after the second readout operation , and ated radiation . 

the radiation image capturing apparatus is configured to 13. A method for controlling a radiation image capturing 
detect the amount of irradiated radiation based on the apparatus including an image capturing unit comprising a 
signal obtained by the first readout operation and the 45 plurality of pixels and configured to capture a radiation 
signal obtained by the second readout operation . image , a part of the plurality of the pixels which is used as 

7. The radiation image capturing apparatus according to a detection element configured to detect radiation for obtain 
claim 6 , wherein a time from a start of resetting in the reset ing an accumulated value of irradiated radiation incident on 
operation to a start of a signal readout in the second readout the radiation image capturing apparatus separately from operation , a time from the start of the signal readout in the 50 obtaining the radiation image , the method comprising the second readout operation to a start of a first signal readout 
in the first readout operation , and a time from a start of a repeatedly resetting the plurality of the pixels before signal readout to a start of a next readout from the part of the 
plurality of the pixels in the first readout operation are equal receiving an exposure request from a user ; 
to each other . resetting the part of the plurality of the pixels in accor 

8. The radiation image capturing apparatus according to dance with the exposure request where pixels , of the 
claim 6 , wherein after the signal is read out from the part of plurality of the pixels , other than the part of the 
the plurality of the pixels and before a next signal is read out plurality of the pixels are not reset ; and 
in the first readout operation , the radiation image capturing calculating the accumulated value of radiation incident on 

the radiation image capturing apparatus based on a apparatus is configured to : 
perform a third readout operation of reading out a noise signal from the part of the plurality of the pixels after 

component of a signal line that transmits the signal the resetting the part of the plurality of the pixels . 
output from the part of the plurality of the pixels , and 

steps of : 

55 

60 


