TITLE OF THE INVENTION

RADIATION DETECTION APPARATUS AND RADIATION IMAGING

SYSTEM

BACKGROUND OF THE INVENTION

Field of the Invention

[ 0001] The present invention relates to a
radiation detection apparatus which detects radiati
and a radiation imaging system which obtains a
radiation image by using the radiation detection

apparatus.

Description of the Related Art

[ 0002] Recently, a flat panel type radiation
detection apparatus has been popularized, which use
sensor array having conversion elements, each desig
to convert radiation into an electrical signal,

arranged in a two-dimensional array. Such a sensor
array generally includes a conversion element forme
a glass substrate for each pixel and a switch eleme
such as a TFT which transfers an electrical signal
converted by the conversion element to the outside.

These elements are two-dimensionally arranged in an

array. Japanese Patent No. 4018725 discloses a

technique of obtaining an image by using such a sen
array. According to this technique, a plurality of

gate drivers are arranged outside or on a glass
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substrate to drive switch elements via driving sign
lines. In addition, like the gate drivers, a plura

of sense amplifiers for charge detection are arrang
outside or on the glass substrate to detect electri
signals extracted via image signal lines. An image

then formed from these detected electrical signals.

[ 0003] Such a radiation detection apparatus has

the following problems because conversion elements
detect slight charges. For example, an imaging roo

a hospital or the like is equipped with an apparatu

for emitting radiation, another diagnostic apparatu

or the like together with a radiation detection
apparatus. These apparatuses sometimes use high po
That is, there can be an environment where an appar
which detects slight charges and an apparatus which
uses high power coexist. In such an environment,
unwanted electromagnetic energy from a high power
apparatus becomes magnetic field noise to other
apparatuses. This sometimes causes malfunction or
performance deterioration in these apparatuses. Wh
alternating current magnetic field noise is externa
applied to the radiation detection apparatus, image
noise in a horizontal stripe pattern called line

artifacts appear in an obtained image. Such noise
generated from high power equipment, the inverter o
X-ray generator, and the like, in particular, and h

frequency band ranging from about 1 kHz to about 10
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kHz. In addition, such alternating current magneti
field noise can arrive from various directions
depending on the installed or used states of a
radiation detection apparatus and high power equipm
It is generally difficult to take anti-noise measur
against such alternating current magnetic field noi

[ 0004] Conventionally, various techniques for
reducing image noise caused by such an alternating
current magnetic field have been proposed. Japanes
Patent Laid-Open No. 2012-119770 has disclosed a
technique of eliminating, from a final image, the
influence of an externally arriving alternating cur
magnetic field with a specific frequency and a spec
amplitude by subtraction processing by adjusting
readout times for a dark image and a radiation imag
In addition, Japanese Patent Laid-Open No. 2012-112
has disclosed a technique of reducing the influence
electromagnetic noise by arranging a conductive mem
a photoelectric conversion unit, and a scintillator

the order named from a side of a radiation detectio

apparatus which is irradiated with radiation.

[ 0005] The technique disclosed in Japanese Patent

Laid-Open No. 2012-119770, however, cannot eliminat
image noise by subtraction processing when the
frequency or amplitude of an alternating current
magnetic field changes at the time of obtaining a d

image and at the time of obtaining a radiation imag
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In addition, in order to make the time from the sta
of obtaining a dark image to the start of obtaining
radiation image become an integer multiple of an
external magnetic field cycle, it is necessary to d
an image obtaining interval in accordance with the
external magnetic field cycle, resulting in a decre

in imaging speed. Furthermore, although the techni
disclosed in Japanese Patent Laid-Open No. 2012-112
can reduce electromagnetic noise from a radiation
incident direction, it is difficult to obtain an ef

with respect to an alternating current magnetic fie
arriving from the horizontal direction at the radia

detection apparatus.

[ 0006] The present invention reduces image noise

caused by an alternating current magnetic field
arriving from the horizontal direction with an unkn
frequency and amplitude in a radiation detection

apparatus.

SUMMARY OF THE INVENTION
[ 0007] According to one aspect of the present
invention, there is provided a radiation detection
apparatus comprising: a planar detection unit, havi
two-dimensional array of elements which obtain
electrical signals based on radiation, configured t
detect radiation upon irradiation; a driving circui

which drives switches for causing the elements to
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output the electrical signals; an obtaining circuit
which obtains the electrical signals from the eleme

in accordance with the switches being driven; a sup
base on which the driving circuit and the obtaining
circuit are arranged; and a conductive member havin
part which is arranged near a front of the detectio
unit when viewed from a radiation source which perf
irradiation with radiation and is electrically
connected to ground of the driving circuit and grou

of the obtaining circuit.

[ 0008] According to another aspect of the present

invention, there is provided a radiation imaging sy
comprising: a radiation detection apparatus; an
irradiation unit configured to irradiate the radiat
detection apparatus with radiation; and a forming u
configured to form a radiographic image, the radiat
detection apparatus including a planar detection un
having a two-dimensional array of elements which ob
electrical signals based on radiation, configured t
detect radiation upon irradiation, a driving circui
which drives switches for causing the elements to
output the electrical signals, an obtaining circuit
which obtains the electrical signals from the eleme

in accordance with the switches being driven, a sup
base on which the driving circuit and the obtaining
circuit are arranged, and a conductive member havin

part which is arranged near a front of the detectio
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unit when viewed from a radiation source which perf
irradiation with radiation and is electrically

connected to ground of the driving circuit and grou

of the obtaining circuit, and the forming unit form

the radiographic image based on the electrical sign
obtained by the obtaining circuit.

[ 0009] Further features of the present invention
will become apparent from the following description
exemplary embodiments (with reference to the attach

drawings).

BRIEF DESCRIPTION OF THE DRAWINGS
[ 0010] The accompanying drawings, which are
incorporated in and constitute a part of the
specification, illustrate embodiments of the invent
and together with the description, serve to explain
principles of the invention.
[ 0011] Figs. 1A and 1B are views showing the first
example of the structure of a radiation detection
apparatus;
[0012] Figs. 2A and 2B are views showing an
example of the structure of the radiation detection
apparatus when a conductive member is not connected
the radiation detection apparatus in Figs. 1A and 1
[ 0013] Fig. 3 is a view showing the second example
of the structure of the radiation detection apparat
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[ 0014] Fig. 4 is a view showing the third example

of the structure of the radiation detection apparat

DESCRIPTION OF THE EMBODIMENTS

[ 0015] An exemplary embodiment(s) of the present
invention will now be described in detail with
reference to the drawings. It should be noted that
relative arrangement of the components, the numeric
expressions and numerical values set forth in these
embodiments do not limit the scope of the present
invention unless it is specifically stated otherwis
[ 0016] A radiation detection apparatus according
to the present invention is used, for example, in a
radiation imaging system which includes a radiation
source which emits radiation and forms a radiograph
image from an electrical signal corresponding to a
radiation detection result output from the radiatio
detection apparatus which has detected the emitted
radiation. Note that the radiation imaging system
be a single apparatus including all the above radia
source and the radiographic image forming function
at least part of the system may exist as a discrete
independent apparatus. In addition, radiation may
X-rays or another type of radiation.
[ 0017] <<First Embodiment>>

Figs. 1A and 1B show the first example of the

structure of the radiation detection apparatus. Fi
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1A is a perspective view of the radiation detection
apparatus. Fig. 1B is a sectional view taken along
a' in Fig. 1A. Note that, referring to Figs. 1A an

the single-headed arrows respectively designate thr
dimensional coordinates as X-, Y-, and Z-axes, and
apparatus is irradiated with radiation from below i
Figs. 1A and 1B, that is, from the origin side of t
Z-axis. In addition, an alternating current magnet
field as a noise source arriving from the Z directi
will be referred to as a vertical alternating curre
magnetic field, and an alternating current magnetic
field as a noise source arriving from the X or Y
direction will be referred to as a horizontal

alternating current magnetic field.

[ 0018] The radiation detection apparatus is formed

by stacking a conductive member 13, a sensor array
and a support base 12 when, for example, viewed fro
the direction in which the apparatus is irradiated

radiation.

[ 0019] The sensor array 2 is a planar radiation

detection unit which is formed from a substrate hav
an insulating surface, such as a glass substrate, a
has a plurality of conversion elements 1 and switch
elements 3, each corresponding to one pixel, arrang
two-dimensionally. The sensor array 2 is wired wit
driving signal lines 4 for driving the switch eleme

3 and image signal lines 5 for outputting radiation
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detection results obtained by the conversion elemen
Note that parasitic capacitors 14 can exist as
electrostatic capacitors unintentionally formed in
sensor array 2, which are derived from the structur
each switch element 3 and the intersections between

driving signal lines 4 and the image signal lines 5

[ 0020] Each conversion element 1 is an element

which converts radiation into an electrical signal.
Each switch element 3 is formed from a TFT or the |
As described above, each of the pairs of the conver
elements 1 and the switch elements 3 corresponds to
pixel. These pairs are two-dimensionally arranged

an array on the sensor array 2. The resultant
structure functions as a radiation detection unit f
obtaining a radiographic image constituted by a
plurality of pixels. The driving signal lines 4 ar
arranged in correspondence with the respective rows
the two-dimensional array on which the pairs of the
conversion elements 1 and the switch elements 3 are
arranged, and supply either a driving on-bias or a
driving off-bias to the switch elements 3 on eachr
Note that a driving off-bias is required to be at |

a potential which can turn off each switch element
and is the same potential as ground. The image sig
lines 5 are arranged in correspondence with the
respective columns of the above two-dimensional arr

and transmit, to readout circuits 6, electrical sig
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that is, radiation detection results, from the
conversion elements 1 corresponding to the switch
elements 3 to which driving on-biases are supplied
the driving signal lines 4. Note that each convers
element 1 may be either of a direct conversion type
which directly converts radiation into an electrica
signal or of an indirect conversion type which conv
light emitted from a phosphor (not shown) in accord
with irradiation with radiation into an electrical

signal.

[ 0021] The readout circuits 6 and output circuits

9 are arranged on the support base 12. The support
base 12 is a base for fixing and supporting the sen
array 2, the readout circuits 6, and the output

circuits 9. As the support base 12, there is used,

example, a base formed by sandwiching a metal mesh

a conductive metal material or lightweight, high-
strength carbon fiber reinforced plastic (CFRP)
material, responding to a recent request for weight
reduction, or a CFRP material alone. Note that the
support base 12 is arranged at an interval h from t
driving signal lines 4 and the image signal lines 5
a radiation irradiation direction, that is, in a pl
facing the Z direction, through a member for shock
buffering and a shielding member for shielding vari

types of circuits against radiation.

[ 0022] Each readout circuit 6 includes a sense
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amplifier 7 and a readout substrate 8 and functions
an obtaining circuit for obtaining a radiation

detection result. Each sense amplifier 7 converts
electrical signal from the corresponding image sign
line 5 into a digital signal by using an A/D conver

or the like and transmits the signal to the readout
substrate 8. The readout substrate 8, for example,
inputs/outputs control signals to/from each sense
amplifier 7, and sometimes supplies power.

[ 0023] Each output circuit 9 includes a gate
driver 10 and an output substrate 11, and functions

a driving circuit which drives each of the switch
elements 3 described above. Each gate driver 10
selectively applies either a driving on-bias for

turning on the corresponding switch element 3 or a
driving off-bias for turning off the switch element

to the corresponding driving signal line 4. Both a
driving on-bias and a driving off-bias can be input
each gate driver 10. The output substrate 11
inputs/outputs control signals to each gate driver

and supplies power to it.

[ 0024] The sense amplifiers 7 and the gate drivers
10 are generally formed from integrated circuits, a
are mounted on flexible substrates such as TCPs (Ta
Carrier Packages) and COFs (Chip On Films). The se
amplifiers 7 and gate drivers 10 may be mounted on

sensor array 2 by a mounting scheme called COG (Chi
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Glass).

[ 0025] The conductive member 13 is arranged nearer

to the radiation irradiation side than the sensor a

2 and is used for one of purposes including prevent
the detection of visible light other than radiation
protecting a phosphor (not shown), and taking anti-
electric field noise measures. For the above purpo
the conductive member 13 is generally arranged near
the conversion elements 1, the driving signal lines
and the image signal lines 5 at an interval h' from
them in the radiation irradiation direction, that i

the Z direction. Note that the conductive member 1
needs to transmit radiation at the time of imaging,
hence is required to have, for example, a thickness
that makes the radiation transmittance become 99% o
more. The conductive member 13 is, for example, a
film containing aluminum and covering the sensor ar
2. This film has a thickness of, for example, abou

0.1 pmto 100 pm. Note that the conductive member 13
is not limited to this, and may be formed from othe
materials as long as they are conductive materials
having a radiation transmittance of 99% or more, or
have a thickness outside the above range.

[ 0026] In addition, in this embodiment, as will be
described later, the conductive member 13 is also u
as part of a closed loop which receives alternating

current magnetic field noise, that is, part of a
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propagation path for inductive currents. For this
reason, portions 13-1 and 13-2 of the conductive me
13 are electrically connected to ground of the read
circuit 6 and ground of the output circuit 9,
respectively.

[ 0027] Connecting points 15 are used for
connections for making ground of the readout circui
and ground of the output circuit 9 conductive to th
support base 12. As the connecting points 15,
conductive screws or the like are used. In this
embodiment, for example, at least one of ground of
readout circuit 6 and ground of the output circuit
may not be made conductive to the support base 12,

is, may not be electrically connected to it.

[ 0028] The operation principle of the radiation

detection apparatus according to this embodiment wi
be described below. Figs. 2A and 2B show the
arrangement of a radiation detection apparatus as a
comparative example, which is obtained by omitting
portions 13-1 and 13-2, which are portions for
electrically connecting the conductive member 13 to
ground of the readout circuit 6 and ground of the
output circuit 9, from the radiation detection
apparatus in Figs. 1A and 1B. Fig. 2A is a perspec
view of the comparative example of the radiation
detection apparatus. Fig. 2B is a sectional view t

along b - b'in Fig. 2A. Note that the same refere
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numerals as in Figs. 2A and 2B denote the same

constituent elements in Figs. 1A and 1B.

[ 0029] In the radiation detection apparatus, an

inductive electromotive force is generated accordin g to
the law of electromagnetic induction when an

alternating current magnetic field, that is, a

fluctuating magnetic flux, penetrates through a clo sed
circuit in the radiation detection apparatus. In

addition, the inductive electromotive force is

converted into an inductive current by the impedanc e of

the closed circuit. This inductive current is

superimposed on an electrical signal detected by th e
sense amplifier 7. This generates image noise. It is
known that the inductive current is proportional to the
magnetic flux density of alternating current magnet ic
field noise and the cross-section area of the close d
circuit and is inversely proportional to the impeda nce
of the closed circuit. That is, as the cross-secti on
area of the closed circuit through which alternatin g
current magnetic field noise penetrates decreases a nd
the impedance of the closed circuit increases, imag e

noise is harder to occur.

[ 0030] In the radiation detection apparatus, an

inductive electromotive force is generated accordin g to
the law of electromagnetic induction when an

alternating current magnetic field, that is, a

fluctuating magnetic flux, penetrates through a clo sed

-14 -



circuit in the radiation detection apparatus. This
inductive electromotive force is superimposed on an
electrical signal detected by the sense amplifier 7
This generates image noise. It is known that the
inductive electromotive force is proportional to th
magnetic flux density of alternating current magnet
field noise and the cross-section area of the close
circuit. That is, as the cross-section area of the
closed circuit through which alternating current
magnetic field noise penetrates increases, image no

is generated more.

[ 0031] Referring to Fig. 2B, a closed circuit C2

through which horizontal alternating current magnet
field noise penetrates is indicated by the dotted |
The closed circuit C2 includes a path constituted b
the output substrate 11, the gate driver 10, the
driving signal line 4, the parasitic capacitor 14,
image signal line 5, the sense amplifier 7, and the
readout substrate 8 and a path extending through th
support base 12 to which ground of the output circu
and ground of the readout circuit 6 are connected.
Therefore, the magnitude of image noise caused by
horizontal alternating current magnetic field noise
proportional to the cross-section area indicated by
hatching in Fig. 2B. Note that a portion of the cl
circuit C2 which is not indicated by the hatching i

portion existing on the same plane as that of the
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support base 12 when viewed in cross section. That
this portion is shown above the support base 12 for
sake of descriptive convenience. In practice, howe
the portion is formed on the same plane as that of
support base 12. Therefore, the portion has no or

a small cross-section area in the horizontal direct
and hence no horizontal alternating current magneti
field noise penetrates through it. Even if such no
penetrates through the portion, it has only a sligh
influence. Note that in the following description,

the same reason, a portion of the closed circuit wh
is not indicated by the hatching is a portion throu
which no alternating current magnetic field noise
penetrates or a portion having only a slight influe

even if such noise penetrates through it.

[ 0032] Figs. 2A and 2B show a case in which the

conductive member 13 does not function as part of t

closed circuit because the conductive member 13 doe

not have the portions 13-1 and 13-2 electrically
connected to ground of the readout circuit 6 and gr
of the output circuit 9, respectively. On the othe
hand, for example, even if only the portion 13-1 of
conductive member 13 is connected to ground of the
readout circuit 6, the conductive member 13 does no
function as part of the closed circuit. In additio

the same applies to a case in which only the portio

13-2 of the conductive member 13 is connected to gr
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of the output circuit 9. That is, the conductive
member 13 does not function as part of the closed
circuit unless both the portions 13-1 and 13-2 of t
conductive member 13 are connected to grounds.

[ 0033] In contrast to this, in the radiation
detection apparatus according to this embodiment, t
portion 13-1 of the conductive member 13 is connect
to ground of the readout circuit 6, and the portion

2 of the conductive member 13 is connected to groun
the output circuit 9. As a result, a closed circui
through which horizontal alternating current magnet
field noise penetrates becomes the one indicated by
dotted line in Fig. 1B. The closed circuit C1 incl

a path constituted by the output substrate 11, the
driver 10, the driving signal line 4, the parasitic
capacitor 14, the image signal line 5, the sense
amplifier 7, and the readout substrate 8 and the
conductive member 13 to which ground of the output
circuit 9 and ground of the readout circuit 6 are
connected. That is, in this embodiment, the portio
13-1 and 13-2 of the conductive member 13 are
electrically connected to ground of the output circ

9 and ground of the readout circuit 6 to form the
closed circuit C1 via the conductive member 13. Th
closed circuit C1 uses, as part of a path, the
conductive member 13 arranged near the driving sign

line 4 and the image signal line 5, which has not b

-17 -

he

he

ed

d of
tC1

the

udes

gate

ns

uit

al

een



used as a path. Obviously, this greatly reduces th
cross-section area indicted by the hatching, across
which alternating current magnetic field noise
interlinks, as compared with the related art. This
causes part of an inductive current induced by
horizontal alternating current magnetic field noise
flow into the closed circuit C1 with the small cros
section area, thereby greatly reducing image noise.

[ 0034] In addition, the relationship between a
distance h between both the driving signal line 4 a
the image signal line 5 and the support base 12 and
distance h' between both the driving signal line 4

the image signal line 5 and the conductive member 1
can be set to satisfy h' < h. With this setting, t
cross-section area of the closed circuit C1 formed

this embodiment becomes greatly smaller than that o
the conventional closed circuit C2. That is, this
reduces an inductive current induced by horizontal
alternating current magnetic field noise, thereby
effectively reducing image noise.

[ 0035] Consider a conductivity or sheet resistance,
an area, a thickness, and the impedance of each mem
which is calculated from a physical shape such as a
aperture ratio when the shape is a mesh. Referring
the support base 12 and the conductive member 13,
reducing the impedance of the conductive member 13

value smaller than that of the support base 12 can
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further reduce image noise. This can be considered to
be an effect obtained by reducing an inductive curr ent

induced in the closed circuit C2 with a large cross -

section area and causing an inductive current to fl ow
to the closed circuit C1 with a smaller cross-secti on
area.

[ 0036] <<Second Embodiment>>

Fig. 3 shows the second example of the structure

of a radiation detection apparatus. Although Fig. 3
shows only a sectional view of the structure, the b asic
structure is the same as that shown in Figs. 1A and 1B.
Note that the same reference numerals as in the fir st
embodiment denote the same constituent elements, an da

description of them will be omitted.

[ 0037] The radiation detection apparatus according

to this embodiment differs from that according to t he
first embodiment in that a power supply 16 serving as a
driving off-bias is applied to a gate driver 10 via a
power supply substrate 17. The driving off-bias is a
ground potential in the first embodiment. In contr ast
to this, in the second embodiment, the driving off- bias

is set to a potential so as to further increase the

potential difference between the driving on-bias an d
the driving off-bias. This setting is made to prev ent
a switch element 3 from being turned on when the

driving off-bias fluctuates due to various types of

noise and to reduce a leakage current in the switch

-19 -



element 3. The radiation detection apparatus accor ding
to this embodiment also differs from that according to
the first embodiment in that the driving off-bias i S

connected to ground on an output circuit 9 via a

capacitor 18. Note that as the capacitance value o f
the capacitor 18, for example, a capacitance from 1 3
WF to 1.0 mF is used in consideration of the impedan ce

of the power supply 16 as the driving off-bias.

[ 0038] Referring to Fig. 3, as in the description

of the first embodiment, the dotted line indicates a
closed circuit C3 through which horizontal alternat ing
current magnetic field noise penetrates. The close d

circuit C3 includes a path constituted by an output
substrate 11, the gate driver 10, a driving signal line
4, a parasitic capacitor 14, an image signal line 5 , a

sense amplifier 7, and a readout substrate 8. In

addition, in the closed circuit C3, a propagation p ath
is formed from the output circuit 9 to ground of th e
output circuit 9 via the capacitor 18 with respect to

the gate driver 10 serving as a driving off-bias.

Portions 13-1 and 13-2 of a conductive member 13 to

which ground of the output circuit 9 and ground of the
readout circuit 6 are connected electrically connec t

these paths to the conductive member 13, thereby

forming the closed circuit C3 via the conductive me mber
13.
[ 0039] As described above, as in the first
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embodiment, it is obvious that in the radiation

detection apparatus according to this embodiment, t he
cross-section area indicted by the hatching, across

which alternating current magnetic field noise

interlinks, is greatly reduced as compared with the

related art. This causes part of an inductive curr ent
induced by horizontal alternating current magnetic

field noise to flow into the closed circuit C3 with the

small cross-section area, thereby greatly reducing

image noise.
[ 0040] In addition, the relationship between a
distance h between both the driving signal line 4 a nd

the image signal line 5 and a support base 12 and a

distance h' between both the driving signal line 4 and
the image signal line 5 and the conductive member 1 3
can be set to satisfy h' < h. With this setting, t he
cross-section area of the closed circuit C3 formed in
this embodiment becomes greatly smaller than that o f

the conventional closed circuit C2. That is, this

further reduces an inductive current induced by

horizontal alternating current magnetic field noise ,
thereby more effectively reducing image noise.

[ 0041] In addition, referring to the support base

12 and the conductive member 13, reducing the imped ance
of the conductive member 13 to a value smaller than

that of the support base 12 can further reduce imag e

noise. This can be considered to be an effect obta ined
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by reducing an inductive current induced in the clo
circuit C2 with a large cross-section area and caus
an inductive current to flow to the closed circuit
with a smaller cross-section area.
[ 0042] <<Third Embodiment>>

Fig. 4 shows the third example of the structure
of a radiation detection apparatus. Although Fig.
shows only a sectional view of the structure, the b
structure is the same as that shown in Figs. 1A and

Note that the same reference numerals as in the fir

and second embodiments denote the same constituent

elements, and a description of them will be omitted

[ 0043] The radiation detection apparatus according

to this embodiment differs from those according to
first and second embodiments in that a conductive
member 13 is connected to a power supply 16 serving
a driving off-bias on an output circuit 9 via a por

13-2 of the conductive member 13 to set the conduct
member 13 at the same potential as that of the driv
off-bias. In addition, the radiation detection
apparatus according to this embodiment differs from
those according to the first and second embodiments
that a portion 13-1 of the conductive member 13 is
connected to ground on a readout circuit 6 via a
capacitor 18. Note that as the capacitance value o
the capacitor 18, for example, a capacitance from 1

WF to 1.0 mF is used in consideration of the impedan
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of the power supply 16 as the driving off-bias and
like.

[ 0044] Referring to Fig. 4, as in the description

of the first and second embodiments, the dotted lin
indicates a closed circuit C4 through which horizon
alternating current magnetic field noise penetrates
The closed circuit C4 includes a path constituted b
gate driver 10, a driving signal line 4, a parasiti
capacitor 14, an image signal line 5, and a sense
amplifier 7. In addition, in the closed circuit C4
current flowing in or out from the driving off-bias

the gate driver 10 reaches a readout circuit 6 via
portion 13-2 of the conductive member 13 connected
the output circuit 9 and a path constituted by the
conductive member 13 and the portion 13-1 of the
conductive member 13. This current reaches ground
the readout circuit 6 via the capacitor 18 on the
readout circuit 6. The above paths form the closed
circuit C4 through which horizontal alternating cur

magnetic field noise penetrates.

[ 0045] As described above, as in the first and

second embodiments, the radiation detection apparat

according to the third embodiment can reduce the cr
section area of the closed circuit through which
horizontal alternating current magnetic field noise
penetrates. This enables the radiation detection

apparatus according to this embodiment to greatly
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reduce image noise caused by horizontal alternating
current magnetic field noise.

[ 0046] Note that in each embodiment described
above, although the dotted line indicates the close
circuit, through which horizontal alternating curre
magnetic field noise penetrates, with respect to on

one wiring passing through one driving signal line

and one image signal line 5, similar closed circuit

exist with respect to the combinations of all the

driving signal lines 4 and all the image signal lin

Each sense amplifier 7 then detects the integral va

of inductive electromotive forces generated when
horizontal alternating current magnetic field noise
penetrates through all these closed circuits, thus
generating image noise. The radiation detection
apparatus according to each embodiment described ab
can reduce image noise caused by alternating curren
magnetic field noise by reducing the cross-section
areas of all the closed circuits corresponding to t
combinations of all the driving signal lines 4 and

the image signal lines 5.

[ 0047] Note that since the radiation detection
apparatus according to each embodiment described ab
reduces inductive electromotive force caused by
alternating current magnetic field noise by reducin

the cross-section area of each closed circuit, it i

not necessary to provide any specific control opera
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for noise reduction at the time of imaging. In

addition, since this is the effect of reducing

inductive electromotive force by reducing the amoun
interlinking magnetic field noise, it is possible t

obtain the effect regardless of the amplitude and
frequency of alternating current magnetic field noi

As described above, the radiation detection apparat
according to each embodiment described above can re
the influence of horizontal electromagnetic noise o
obtained image without causing a decrease in imagin
speed even in a case in which the frequency or
amplitude of alternating current magnetic field noi
arriving from the outside is unknown.

[ 0048] Although in the above embodiment, the
portion 13-1 of the conductive member 13 is linearl
connected to ground at one point of the readout cir

6, this is not exhaustive. For example, the conduc
member 13 may be connected to ground of the readout
circuit 6 at a plurality of points or two-dimension
Likewise, the portion 13-2 of the conductive member
may be connected to ground of the output circuit 9
plurality of points or two-dimensionally.

[ 0049] In addition, each embodiment described
above can be configured such that at least one of
ground of the readout circuit 6 and ground of the
output circuit 9 is not electrically connected to t

support base 12. This can also be achieved by chan
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the support base 12 to a material having almost no
conductivity, such as CFRP, or a nonconductive mate
That is, infinitely increasing (or greatly increasi

the impedance of each closed circuit via the suppor
base 12 can obtain an effect equivalent to greatly
increase the impedance of each closed circuit via t
conductive member 13. This enables the radiation
detection apparatus to further reduce image noise b
preventing the formation of a closed circuit via th
support base 12.

[ 0050] The following indicates noise amount
evaluation results obtained by using the radiation
detection apparatus according to each embodiment
described above as a cassette-type X-ray digital
imaging apparatus used for imaging of the human bod
order to verify the effects of each embodiment
described above. This evaluation used an X-ray dig
imaging apparatus having external dimensions of 384
(width) x 460 mm (depth) x 15 mm (thickness). In
addition, a conversion element has about 2800 x 340
pixels. The following evaluation result examples e
indicate a case in which a sinusoidal current of 25
kHz was applied as external horizontal alternating
current magnetic field noise by using a 1 m square
colil.

[ 0051] [Evaluation 1]

In the radiation detection apparatus according to
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the first embodiment, intervals h and h' in Figs. 1 A
and 1B were respectively set to h = about 3 mm and h' =

about 500  pm. In addition, the conductive member 13

was made of aluminum, with a thickness of 30 pm.
Furthermore, the conductive member 13 was electrica Iy
connected to ground with conductive screws at one p oint
on the readout substrate 8 of the readout circuit 6 and

one point on the output substrate 11 of the output

circuit 9.

[ 0052] In this arrangement, an image noise amount

upon imaging was compared with an image noise amoun tin
Figs. 2A and 2B as a comparative example. Using th e
radiation detection apparatus according to the firs t

embodiment made it possible to reduce image noise
caused by alternating current magnetic field noise from
the X direction to 58% and reduce image noise cause d by

alternating current magnetic field noise from the Y

direction to 87% when the image noise amount in Fig S.
2A and 2B was 100%. That is, it was confirmed that the
radiation detection apparatus according to the firs t
embodiment was able to obtain the effect of reducin g
alternating current magnetic field noise from the X and

Y directions by 42% and 13%, respectively.
[ 0053] [Evaluation 2]
In this evaluation, unlike evaluation 1, in the
radiation detection apparatus according to the firs t

embodiment, at least one of ground of the readout
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circuit 6 and ground of the output circuit 9 was no
electrically connected to the support base 12 by us
nonconductive resin screw or the like at the connec
point 15. This is equivalent to greatly increasing
impedance of the closed circuit via the support bas

as compared with the impedance of the closed circui
via the conductive member 13 by infinitely increasi

(or greatly increasing) the impedance of the closed
circuit via the support base 12. This arrangement

the same as that shown in Figs. 1A and 1B in that t
closed circuit C1 is formed, but makes all the

inductive current flow into the closed circuit C1 v

the conductive member 13 without making part of the
current flow into the support base 12. It should
therefore be able to further increase the cross-sec
area reducing effect.

[ 0054] In this arrangement, an image noise amount
obtained by imaging was compared with an image nois
amount in Figs. 2A and 2B showing a comparative exa
As a result, with the above arrangement, when the i
noise amount in Figs. 2A and 2B was 100%, it was ab
to reduce image noise caused by alternating current
magnetic field noise from the X direction to 45% an
reduce image noise caused by alternating current
magnetic field noise from the Y direction to 87%.

is, it was confirmed that the radiation detection

apparatus according to the first embodiment was abl
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obtain the effect of reducing image noise caused by
alternating current magnetic field noise from the X and
Y directions by 55% and 13%, respectively.
[ 0055] [Evaluation 3]

Evaluations were made when the radiation
detection apparatus according to the second embodim ent
was used in an X-ray digital imaging apparatus. In
these evaluations, a comparison target was a case i n
which at least either the portion 13-1 of the
conductive member 13 was not electrically connected to
the readout circuit 6 or the portion 13-2 of the
conductive member 13 was not electrically connected to
the output circuit 9, and the radiation detection
apparatus having the capacitor 18 mounted on the po wer
supply substrate 17 was used.
[ 0056] As a result, when the comparative example
was 100% and the capacitor 18 was 1.3 WF, it was able
to reduce image noise caused by alternating current
magnetic field noise from the X direction to 90% an d to
reduce image noise caused by alternating current
magnetic field noise from the Y direction to 97%. That

is, it was confirmed that the radiation detection

apparatus according to the second embodiment was ab le
to obtain the effect of reducing image noise caused by
alternating current magnetic field noise from the X and
Y directions by 10% and 3%, respectively, as compar ed

with the comparative example.
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[ 0057] When the capacitor 18 was 69.3

able to reduce image noise caused by alternating
current magnetic field noise from the X direction t
75% and to reduce image noise caused by alternating
current magnetic field noise from the Y direction t
71%. That is, it was confirmed that the radiation
detection apparatus according to the second embodim
was able to obtain the effect of reducing image noi
caused by alternating current magnetic field noise

the X and Y directions by 25% and 29%, respectively
compared with the comparative example.

[ 0058] The present invention can reduce image
noise caused by an alternating current magnetic fie
arriving from the horizontal direction with an unkn
frequency and amplitude in a radiation detection
apparatus.

[ 0059] While the present invention has been
described with reference to exemplary embodiments,
is to be understood that the invention is not limit

to the disclosed exemplary embodiments. The scope
the following claims is to be accorded the broadest
interpretation so as to encompass all such

modifications and equivalent structures and functio
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WHAT IS CLAIMED IS:

1. A radiation detection apparatus comprising:

a planar detection unit, having a two-dimensional
array of elements which obtain electrical signals b
on radiation, configured to detect radiation upon
irradiation;

a driving circuit which drives switches for
causing the elements to output the electrical signa

an obtaining circuit which obtains the electrical
signals from the elements in accordance with the
switches being driven;

a support base on which the driving circuit and
the obtaining circuit are arranged; and

a conductive member having a part which is
arranged near a front of the detection unit when vi
from a radiation source which performs irradiation
radiation and is electrically connected to ground o
the driving circuit and ground of the obtaining cir
2. The apparatus according to claim 1, wherein the
support base is arranged at a position at which a
distance between the support base and the detection
unit is larger than a distance between the detectio
unit and the conductive member.
3. The apparatus according to claim 1 or 2, wherein
an impedance of the support base is higher than an
impedance of the conductive member.

4. The apparatus according to any one of claims 1t
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3, wherein a driving off-bias for turning off the
switch is input to the driving circuit, and

a capacitor is connected between the driving off-
bias and ground of the driving circuit, and the
conductive member is electrically connected to grou
of the driving circuit and ground of the obtaining
circuit.
5. The apparatus according to any one of claims 1t
3, wherein a driving off-bias for turning off the

switch is input to the driving circuit, and

the conductive member is connected to the driving

off-bias in the driving circuit and is further

electrically connected to ground of the obtaining

circuit via a capacitor arranged between the drivin
off-bias and ground of the obtaining circuit.

6. The apparatus according to claim 4 or 5, wherein
the capacitor has a capacitance from 1.3

7. The apparatus according to any one of claims 1t
6, wherein the support base is arranged behind the
detection unit when viewed from the radiation sourc

8. The apparatus according to any one of claims 1t
7, wherein at least one of ground of the driving

circuit and ground of the obtaining circuit is not
electrically connected to the support base.

9. The apparatus according to any one of claims 1t
8, wherein the part of the conductive member includ

thin film portion covering the detection unit.
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10. The apparatus according to any one of claims 1 to
9, wherein the conductive member is electrically
connected to at least one of ground of the driving
circuit and ground of the obtaining circuit at a
plurality of positions.
11. Aradiation imaging system comprising:
a radiation detection apparatus;
an irradiation unit configured to irradiate the
radiation detection apparatus with radiation; and
a forming unit configured to form a radiographic
image,
the radiation detection apparatus including
a planar detection unit, having a two-dimensional
array of elements which obtain electrical signals b ased
on radiation, configured to detect radiation upon
irradiation,
a driving circuit which drives switches for
causing the elements to output the electrical signa Is,
an obtaining circuit which obtains the electrical
signals from the elements in accordance with the
switches being driven,
a support base on which the driving circuit and
the obtaining circuit are arranged, and

a conductive member having a part which is

arranged near a front of the detection unit when vi ewed
from a radiation source which performs irradiation with
radiation and is electrically connected to ground o f
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the driving circuit and ground of the obtaining cir cuit,
and

the forming unit forming the radiographic image
based on the electrical signals obtained by the

obtaining circuit.
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