
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

77
8 

78
1

A
1

TEPZZ 77878_A_T
(11) EP 2 778 781 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
17.09.2014 Bulletin 2014/38

(21) Application number: 14157855.9

(22) Date of filing: 05.03.2014

(51) Int Cl.:
G03B 42/04 (2006.01) A61B 6/00 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME

(30) Priority: 12.03.2013 JP 2013049296

(71) Applicant: FUJIFILM Corporation
Minato-ku
Tokyo 106-8620 (JP)

(72) Inventors:  
• Ogura, Ryosuke

Kanagawa 258-8538 (JP)
• Noguchi, Shinsuke

Kanagawa 258-8538 (JP)
• Kobayashi, Takeyasu

Kanagawa 258-8538 (JP)

(74) Representative: Klunker . Schmitt-Nilson . Hirsch
Patentanwälte 
Destouchesstraße 68
80796 München (DE)

(54) Electronic cassette

(57) A chamfered portion configured to have a sur-
face which is tilted to a side surface and a rear surface
is formed between the side surface and the rear surface
of a housing of an electronic cassette. The chamfered
portion has a boundary portion having a predetermined
range in the vicinity of a boundary including the boundary
with the side surface; a boundary portion having a pre-
determined range in the vicinity of a boundary including

the boundary with the rear surface, and the other portion
which does not belong to these boundary portions. The
chamfered portion needs to be smoothly inserted into a
gap between a patient and an installation surface on
which the patient lies on one’s back. Therefore, an entire
surface of these boundary portions is formed in a curved
surface which protrudes outward from the housing.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an electronic
cassette for use in radiography.

2. Description of the Related Art

[0002] An electronic cassette has been widely used in
medical radiography, for example, in X-ray photography.
The electronic cassette is a portable X-ray image detec-
tor which has a built-in image detection unit (flat panel
detector (FPD)) for detecting an X-ray image of a photo-
graphic subject (such as a patient) inside a portable hous-
ing having a flat and rectangular parallelepiped shape.
[0003] The electronic cassette is used not only by be-
ing set on a dedicated photographing stand holder, but
also by being attached to an existing photographing
stand holder for a film cassette, an IP cassette and a CR
cassette. Furthermore, in order to photograph a site
which is unlikely to be photographed by using a stationary
type which has an built-in X-ray image detector unremov-
able from the photographing stand, a user places the
electronic cassette on a bed, or causes the electronic
cassette to be held by a patient’s own hand. In addition,
in order to photograph an aged person in convalescence
at home or emergency patients due to accidents, disas-
ters or the like, in some cases, the electronic cassette is
used outside hospitals which do not have facilities for the
photographing stand. Since the electronic cassette is al-
so used without being attached to the photographing
stand holder, enhanced mobility and installation flexibility
are required. In addition, since there is a possibility that
the electronic cassette may directly come into contact
with the patients, it is also important that the electronic
cassette does not give discomfort to the patients when
in contact.
[0004] JP2002-082172A discloses an electronic cas-
sette that has a rectangular parallelepiped housing in
which a chamfered portion formed from a plane tilted to
a side surface and a rear surface is disposed between
the side surface and the rear surface of the housing. The
housing has a shape as if a corner at an intersection of
the side surface and the rear surface is cut off in a planar
shape. The chamfered portion is a tilted plane and the
rear surface is also the plane. Accordingly, a boundary
between the chamfered portion and the rear surface has
an angle, although the angle is an obtuse angle. For ex-
ample, when the electronic cassette is placed on a flat
surface (hereinafter, referred to as an installation sur-
face) in a state where the rear surface faces downward,
a finger is allowed to enter a gap between the chamfered
portion and the installation surface by disposing the
chamfered portion described above. Accordingly, the fin-
ger is easily hooked on an end portion of the housing and

thus it is easy to lift the electronic cassette up. In addition,
since the chamfered portion is disposed between the side
surface and the rear surface, as compared to the housing
having a corner of 90° at the intersection of the side sur-
face and the rear surface, the patient’s contact feeling
becomes softer when the end portion of the housing
comes into contact with the patients.

SUMMARY OF THE INVENTION

[0005] As described above, in some cases, the elec-
tronic cassette is used for a patient who lies on one’s
back on a bed, an aged person or an emergency patient
who cannot move by oneself. In this case, first, in a pos-
ture where the electronic cassette is tilted so that one
side surface of the housing faces downward, the end
portion of the housing is inserted into a gap between the
patient and the installation surface on which the patient
lies on one’s back. Then, while the patient is lifted up,
the housing is further deeply pushed into the gap. In this
manner, the electronic cassette is set to be located at a
desired photographing position.
[0006] The electronic cassette disclosed in
JP2002-082172A has a chamfered portion in the end por-
tion of the housing, but the boundary between the cham-
fered portion and the rear surface has a corner. This cor-
ner causes a resistance by being caught on the installa-
tion surface when the end portion of the housing is in-
serted into the gap between the patient and the installa-
tion surface on which the patient lies on one’s back. For
this reason, the electronic cassette disclosed in
JP2002-082172A has a problem in that the end portion
of the housing is unlikely to be inserted into the gap be-
tween the patient and the installation surface on which
the patient lies on one’s back.
[0007] The present invention is made in view of the
above-described problem, and an object thereof is to pro-
vide an electronic cassette which can be smoothly insert-
ed into a gap between a patient and an installation sur-
face on which the patient lies on one’s back.
[0008] In order to achieve the above-described object,
the present invention provides an electronic cassette in-
cluding an image detection unit that detects a radiograph-
ic image of a photographic subject; a rectangular paral-
lelepiped housing that accommodates the image detec-
tion unit, and that has a front surface on which radiation
is incident, a rear surface opposing the front surface, and
four side surfaces; and a chamfered portion that is dis-
posed between at least one of the side surfaces and the
rear surface, and that is configured to have a surface
tilted to the side surface and the rear surface. A boundary
portion between the chamfered portion and the rear sur-
face is formed in a curved surface which protrudes out-
ward from the housing.
[0009] An entire surface of the chamfered portion
which includes a boundary portion with the rear surface
and a boundary portion with the side surface is formed
in a curved surface which protrudes outward from the
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housing.
[0010] The chamfered portion satisfies a condition of
h<d1 when assuming that a height of the housing in a
thickness direction is h and a length in a horizontal direc-
tion which is orthogonal to the thickness direction is d1
in the respective boundaries between the rear surface
and the side surface. More specifically, the height h is 7
mm to 10 mm and the length d1 is 20 mm to 40 mm.
[0011] In a cross-sectional shape of the chamfered
portion, the boundary portion with the rear surface is an
arc or an elliptical arc which is formed by cutting off a
portion from a perfect circle or an ellipse. In this case,
the rear surface is a tangent to the perfect circle or the
ellipse, and the boundary between the chamfered portion
and the rear surface is a tangent point to the perfect circle
or the ellipse.
[0012] It is preferable that the largest member out of
members accommodated inside the housing satisfy a
condition of d2<d3 when assuming that the shortest dis-
tance between an end portion of the largest member
whose planar size is largest and an inner wall surface of
the side surface is d2 and the shortest distance between
the end portion of the largest member and an inner wall
surface of the chamfered portion is d3. For example, the
largest member is a base to which a circuit board is at-
tached. In addition, it is preferable that when the largest
member is arranged in the thickness direction inside the
housing, the largest member be fitted within a range of
a height from the boundary between the chamfered por-
tion and the side surface to the front surface.
[0013] It is preferable that the rear surface have a bat-
tery mounting unit on which a battery unit for supplying
power to the image detection unit is detachably mounted
and which is a concave portion in which the rear surface
is recessed toward the front surface, and that when the
battery mounting unit is arranged in the thickness direc-
tion inside the housing, the battery mounting unit be fitted
within a range of a height from the rear surface to the
boundary between the chamfered portion and the side
surface.
[0014] According to the present invention, a boundary
portion which is a portion including at least a boundary
with a rear surface of a housing has a chamfered portion
formed in a curved surface which protrudes outward from
the housing. Therefore, it is possible to smoothly insert
the electronic cassette into a gap between a patient and
an installation surface on which the patient lies on one’s
back.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Fig. 1 is a perspective external view of an electronic
cassette when viewed from a front surface side.
Fig. 2 is a perspective external view of an electronic
cassette when viewed from a rear surface side.
Fig. 3 is a block diagram illustrating an internal con-

figuration of an electronic cassette.
Fig. 4 is a cross-sectional view of an electronic cas-
sette taken along line A-A in Fig. 1.
Fig. 5 is an enlarged cross-sectional view in the vi-
cinity of a chamfered portion.
Fig. 6 is an explanatory view of each portion of a
chamfered portion.
Fig. 7 is a view illustrating a finger’s hooked state
when an electronic cassette placed on a flat instal-
lation surface is lifted up.
Fig. 8 is a view for comparing chamfered portions in
which heights h are the same as each other and the
height h of one chamfered portion is equal to a length
d1.
Fig. 9 is a view for comparing chamfered portions in
which lengths d1 are the same as each other and
the height h of one chamfered portion is equal to the
length d1.
Fig. 10 is a view for comparing chamfered portions
in which heights of housings are the same as each
other and the height h of one chamfered portion is
equal to the length d1.
Figs. 11A and 11b are views illustrating a state when
an electronic cassette is inserted into a gap between
a patient and an installation surface on which the
patient lies on one’s back.
Fig. 11A is an overall view, and Fig. 11B is an en-
larged view of an insertion point, respectively.
Figs. 12A and 12B are explanatory views of a shape
of a chamfered portion. Fig. 12A illustrates an arc-
shaped chamfered portion, and Fig. 12B illustrates
an elliptical arc-shaped chamfered portion.
Figs. 13A and 13B are views illustrating other exam-
ples of a chamfered portion.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0016] In Figs. 1 and 2, an electronic cassette 2 is con-
figured to have an image detection unit 10 and a portable
housing 11 which accommodates the image detection
unit 10. For example, the housing 11 is formed of a con-
ductive resin. As illustrated in Fig. 1, a rectangular open-
ing is formed on a front surface 12 of the housing 11 on
which an X-ray is incident, and a transmission plate 13
serving as a top plate is attached to the opening. The
transmission plate 13 is formed of a carbon material
which is lightweight, highly rigid and extremely permea-
ble to the X-ray.
[0017] In Fig. 2, a battery unit 15 which supplies power
for driving the image detection unit 10 is mounted on a
rear surface 14 of the housing 11 which opposes the front
surface 12. The battery unit 15 is configured to have a
battery 15a and a box-shaped battery case 15b which
accommodates the battery 15a. A battery mounting unit
16 on which the battery unit 15 is detachably mounted is
disposed on the rear surface 14. Fig. 2 illustrates a state
where the battery unit 15 is mounted on the battery
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mounting unit 16 and the battery unit 15 is locked by a
locking mechanism (not illustrated) so as not to fall out
from the battery mounting unit 16. A connector 17 (refer
to Fig. 3) is disposed in the battery unit 15 and a socket
18 (also refer to Fig. 3) is disposed in the battery mounting
unit 16, respectively. When the battery unit 15 is mounted
on the battery mounting unit 16, the connector 17 and
the socket 18 are fitted and electrically connected to each
other.
[0018] The battery mounting unit 16 is a concave por-
tion in which the rear surface 14 is recessed toward the
front surface 12 (refer to Figs. 4 and 5). The battery
mounting unit 16 is formed in the same shape and the
same size as the planar shape and the planar size of the
battery unit 15 so that the battery unit 15 is fitted thereto
substantially without gap. The depth from the rear surface
14 of the battery mounting unit 16 is also substantially
the same as the thickness of the battery unit 15. There-
fore, when the battery unit 15 is mounted on the battery
mounting unit 16, the upper surface of the battery unit 15
is exposed from the rear surface 14 and the upper surface
of the battery unit 15 and the rear surface 14 are on the
same plane. In Figs. 4 and 5, the inner wall surface of
the battery mounting unit 16 is illustrated by a two-dot
chain line.
[0019] The housing 11 has a rectangular parallelepi-
ped shape configured to have the front surface 12, the
rear surface 14 and four side surfaces 19, 20, 21 and 22.
The housing 11 has a size compliant with the international
standard ISO4090: 2001 substantially the same as a film
cassette, an IP cassette and a CR cassette. The elec-
tronic cassette 2 is set to be attachable to and detachable
from a holder of an upright photographing stand or a
decubitus photographing stand so that the electronic cas-
sette 2 is held in a posture where an X-ray source for
irradiating X-rays and the front surface 12 oppose each
other. In addition to that the electronic cassette 2 is set
on the upright photographing stand or the decubitus pho-
tographing stand, the electronic cassette 2 is sometimes
used alone for a patient who cannot move on one’s own,
such as a patient who lies on one’s back on a bed, an
aged person or an emergency patient. Furthermore,
since the electronic cassette 2 has substantially the same
size as that of the film cassette, the IP cassette and the
CR cassette, the electronic cassette 2 can be attached
to the existing photographing stand for these cassettes.
The electronic cassette 2 may not have the size which
is compliant with the international standard ISO4090:
2001.
[0020] A handle 23 through which an operator’s hand
passes through when the operator carries the electronic
cassette 2 is formed on an upper side portion of the side
surface 19 side of the housing 11. In addition, an indicator
24 such as an LED is disposed to indicate power on/off
of the electronic cassette 2 or a remaining amount of the
battery unit 15. The housing 11 also functions as an elec-
tromagnetic shield to prevent intrusion of electromagnet-
ic noises on the electronic cassette 2 and outward radi-

ation of the electromagnetic noises from the electronic
cassette 2.
[0021] In Fig. 3, the image detection unit 10 has a panel
portion 30 and a circuit portion 31. The panel portion 30
has a thin film transistor (TFT) active matrix substrate 50
made of glass (refer to Figs. 4 and 5, hereinafter, simply
referred to as a TFT substrate). An imaging region 32 is
formed in the TFT substrate 50. In the imaging region
32, multiple pixels 33 for accumulating charge corre-
sponding to an irradiation dose of X-rays are arranged
at a predetermined pitch in a matrix of n rows (x-direction)
x m columns (y-direction). The n or m is an integer of two
or more. For example, n or m ≅ 2,000. Array of the pixels
33 may not be square array as in the present embodi-
ment, and may be honeycomb array.
[0022] The panel portion 30 has a scintillator 51 (phos-
phor, refer to Figs. 4 and 5) which converts X-rays into
visible light beams, and is an indirect conversion type
which photoelectrically converts on the visible light
beams converted by the scintillator 51 into the pixels 33.
The scintillator 51 is configured to have CsI: T1 (thallium-
activated cesium iodide) or GOS (Gd2O2S: Tb, terbium-
activated gadolinium oxysulfide), and is arranged so as
to oppose the entire surface of the imaging region 32 on
which the pixels 33 are arrayed.
[0023] As is known, the pixels 33 includes a photoe-
lectric conversion unit 34 which accumulates the charge
(electron-hole pair) by using the incidence of the visible
light beams to generate the charge, and a TFT 35 which
is a switching element. The photoelectric conversion unit
34 has a structure where a semiconductor layer (for ex-
ample, PIN type) for generating the charge is arranged
between an upper electrode and a lower electrode which
are vertically arranged. In the photoelectric conversion
unit 34, the TFT 35 is connected to the lower electrode
and a bias line is connected to the upper electrode. The
bias line is disposed corresponding to the number of the
rows of the pixel 33 (corresponding to the n number of
rows), and the bias wires are connected to one bus line.
The bus line is connected to a bias power source. A bias
voltage is applied from the bias power source to the upper
electrode of the photoelectric conversion unit 34 through
the bus line and the bias line which is a child line of the
bus line. Applying the bias voltage generates an electric
field inside the semiconductor layer. The charge (elec-
tron-hole pair) generated inside the semiconductor layer
by the photoelectric conversion moves to the upper elec-
trode and the lower electrode, one of which has a positive
polarity and the other of which has a negative polarity.
Then, the charge is accumulated in the photoelectric con-
version unit 34.
[0024] In the TFT 35, a gate electrode is connected to
a scanning line 36, a source electrode is connected to a
signal line 37 and a drain electrode is connected to the
photoelectric conversion unit 34, respectively. The scan-
ning line 36 and the signal line 37 are wired in a latticed
pattern. One common scanning line 36 is disposed for
each one row of the pixels 33, and is disposed corre-
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sponding to the number of rows of the pixels 33 (corre-
sponding to the n number of rows). In addition, one com-
mon signal line 37 is disposed for each one column of
the pixels 33, and is disposed corresponding to the
number of columns of the pixels 33 (corresponding to the
m number of columns). The scanning line 36 is connected
to a gate driver 38 and the signal line 37 is connected to
a signal processing circuit 39.
[0025] The circuit portion 31 has the gate driver 38, the
signal processing circuit 39 and a control unit 40. By driv-
ing the TFT 35 under the control of the control unit 40,
the gate driver 38 causes the image detection unit 10 to
perform an accumulation operation for accumulating sig-
nal charge corresponding to the irradiation dose of X-
rays in the pixels 33, a reading-out operation for reading
out the accumulated signal charge from the pixels 33,
and a reset operation for clearing unnecessary charge
accumulated in the pixels 33. In the accumulation oper-
ation, the TFT 35 is in a switched-off state, and during
the state, the signal charge is accumulated in the pixels
33. In the reading-out operation, gate pulses G1 to Gn
which simultaneously drive the TFTs 35 in the same row
are sequentially generated from the gate driver 38 at pre-
determined intervals. Then, the scanning lines 36 are
sequentially activated one row by one row, and the TFTs
35 connected to the scanning lines 36 are in a switched-
on state one row by one row. The charge accumulated
in the photoelectric conversion unit 34 of the pixels 33 is
read-out by the signal line 37 in which the TFT 35 is in
the switched-on state, and is input to the signal process-
ing circuit 39.
[0026] The signal processing circuit 39 includes an in-
tegrating amplifier, a CDS circuit, a multiplexer and an
A/D converter. The integrating amplifier and the CDS cir-
cuit are individually connected to each of the signal lines
37. The integrating amplifier integrates the charge input
from the signal lines 37, converts the integrated charge
into an analog voltage signal, and output the analog volt-
age signal. The CDS circuit performs correlated double
sampling on the voltage signal output from the integrating
amplifier, and holds the voltage signal output from the
integrating amplifier for a predetermined time period. The
multiplexer uses an electronic switch to select one CDS
sequentially from each column of the CDSs connected
in parallel with each other, and serially inputs the voltage
signal output from the selected CDS to the A/D converter.
The A/D converter converts the analog voltage signal
input from the multiplexer into a digital pixel value, and
outputs the digital pixel value to a memory 41. The pixel
value is recorded on the memory 41 by being associated
with coordinates of the respective pixels 33.
[0027] Each time the gate pulse is generated from the
gate driver 38 and the TFTs 35 are in the switched-on
state one row by one row, the pixel value of the pixels 33
for one row is recorded in the memory 41. If the entire
rows are completely read-out, image data for displaying
one sheet of the X-ray image is recorded in the memory
41. After the image data is read-out from the memory 41

and the control unit 40 performs various image process-
es, the image data is output to an external device such
as a console through a communication unit 42. In this
manner, the X-ray image of a patient is detected.
[0028] The communication unit 42 has an antenna and
an oscillation circuit which generate a radio wave for radio
communication, and a socket for wired communication,
and can correspond to both of the radio communication
and the wired communication. The communication unit
42 can communicate information of photographing con-
ditions such as the X-ray image and an X-ray irradiation
time period with the external device such as the console.
The radio communication may employ optical communi-
cation using infrared rays without being limited to the ra-
dio wave.
[0029] A power supply circuit 43 is connected to the
battery unit 15 via the socket 18 of the battery mounting
unit 16. Under the control of the control unit 40, the power
supply circuit 43 converts power having a predetermined
voltage which is supplied from the battery unit 15 into
power having a voltage suitable for each unit of the image
detection units 10, and supplies the power to each unit.
In addition, the power supply circuit 43 monitors a voltage
level of the power supplied from the battery unit 15, de-
tects the remaining amount of the battery unit 15 and
outputs the detected result to the control unit 40. The
control unit 40 switches display of the indicator 24 ac-
cording to the remaining amount of the battery unit 15
which is sent from the power supply circuit 43. Although
not illustrated, a power supply cable extended from an
external power source can be connected to the power
supply circuit 43, and the power can be received from
other power sources except for the battery unit 15.
[0030] In Fig. 4, the panel portion 30 and a base 52 to
which the circuit portion 31 is attached are arranged in-
side the housing 11 sequentially from the front surface
12 side. In the present embodiment, the TFT substrate
50 and the scintillator 51 which configure the panel por-
tion 30 adopt an irradiation side sampling (ISS) method
in which the TFT substrate 50 and the scintillator 51 are
sequentially stacked and arranged when viewed from the
front surface 12 side on which the X-ray is incident. The
TFT substrate 50 is attached to a rear surface of the
transmission plate 13. In this case, the TFT substrate 50
is caused to face the rear surface 14 side so that the
imaging region 32 opposes the scintillator 51, and the X-
ray transmitting the transmission plate 13 is irradiated
from the opposite surface to the surface having the im-
aging region 32. On the other hand, a penetration side
sampling (PSS) method may be adopted in which the
scintillator 51 and the TFT substrate 50 are sequentially
stacked and arranged. In addition, without using the scin-
tillator 51, a direct conversion type panel portion using a
conversion layer (amorphous selenium or the like) which
directly converts the X-ray into the charge may be adopt-
ed.
[0031] The base 52 has a table shape having multiple
legs 53. The leg 53 is fixed onto an inner wall surface of
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the rear surface 14. The base 52 is the largest member
whose planar size is largest when viewed from the front
surface 12 side out of the members accommodated in-
side the housing 11. A circuit board 54 is attached to a
space on the rear surface 14 side formed by the legs 53
of the base 52. Multiple circuit components 55 configuring
the circuit portion 31 are mounted on the circuit board
54. The circuit board 54 is electrically connected to the
TFT substrate 50 by a flexible cable 56 which is drawn
out by penetrating the base 52.
[0032] The housing 11 is configured to have a front
surface cover 60 and a rear surface cover 61. The front
surface cover 60 and the rear surface cover 61 have a
C-shaped cross-section in which four outer peripheral
sides of a rectangular flat plate are bent at right angles.
Bent portions in the outer periphery of the front surface
cover 60 and the rear surface cover 61 configure the side
surfaces 19 to 22, and the other portions configure the
front surface 12 and the rear surface 14. The front surface
cover 60 and the rear surface cover 61 are integrated in
such a manner that the front surface cover 60 covers the
rear surface cover 61 in a lid shape so as to surround
the rear surface cover 61 whose size is slightly smaller
than the size of the front surface cover 60.
[0033] The front surface cover 60 is a frame body in
which a rectangular opening is formed to attach the trans-
mission plate 13 as described above. A groove 62 to
which the transmission plate 13 is fitted is formed in the
opening of the front surface cover 60. The groove 62 is
formed at a position recessed by one step from the sur-
face of the front surface cover 60. Therefore, a step is
formed between the surface of the transmission plate 13
and the surface of the front surface cover 60. In order to
fill the step up, a protection film 63 made of a resin for
transmitting the X-ray is bonded to the surface of the
transmission plate 13. This allows the front surface 12 to
be a flat surface.
[0034] As illustrated in detail in Fig. 5, a chamfered
portion 70 configured to have a surface tilted to the side
surfaces 21 and 22 and the rear surface 14 is formed
between the side surfaces 21 and 22 and the rear surface
14 which correspond to joints of the front surface cover
60 and the rear surface cover 61. In addition, similar to
the chamfered portion 70, a chamfered portion 71 is
formed between the side surfaces 21 and 22 and the
front surface 12. These chamfered portions 70 and 71
allow the front surface 12, the side surfaces 21 and 22,
and the rear surface 14 to be connected to each other
by a smoothly curved surface having no corner. There-
fore, the patient’s contact feeling becomes softer. Al-
though not illustrated, the chamfered portions 70 and 71
are also similarly formed between the side surfaces 19
and 20 and the rear surface 14, and between the side
surfaces 19 and 20 and the front surface 12. In the fol-
lowing description, the chamfered portion 70 of the illus-
trated side surface will be described as an example. How-
ever, the following description is also similar to the cham-
fered portion 70 of the side surface (not illustrated).

[0035] A shock absorber 72 for protecting the image
detection unit 10 against drop impact is embedded inside
a portion between the side surfaces 21 and 22 and the
front surface 12, in which the chamfered portion 71 of
the front surface cover 60 is formed. The shock absorber
72 is formed in a circle whose planar shape surrounds
the entire housing 11 when viewed from the front surface
12 side. The shock absorber 72 may be attached not only
to the interior of the front surface cover, but also to four
outer surface corners of the housing 11 in which the side
surfaces 19 to 22 intersect one another.
[0036] As illustrated in Fig. 6, the chamfered portion
70 has a boundary portion P1 having a predetermined
range in the vicinity of a boundary 73 including the bound-
ary 73 with the side surface 22; a boundary portion P2
having a predetermined range in the vicinity of a bound-
ary 74 including the boundary 74 with the rear surface
14; and the other portion P3 which does not belong to
these boundary portions P1 and P2. In order to smoothly
insert the chamfered portion 70 into the gap between the
patient and the installation surface on which the patient
lies on one’s back, the entire surface of these boundary
portions P1 to P3 is formed in a curved surface which
protrudes outward from the housing 11.
[0037] In Fig. 5, the chamfered portion 70 satisfies
Conditional Expression (1) as below, when assuming that
a height of the housing 11 in a thickness direction be-
tween the boundaries 73 and 74 (length of a perpendic-
ular line drawn to a surface to which the rear surface 14
is extended from the boundary 73) is h and a length in a
horizontal direction which is orthogonal to the thickness
direction of the housing 11 between the boundaries 73
and 74 (length of a perpendicular line drawn to a surface
to which the side surface 22 is extended from the bound-
ary 74) is d1.

Conditional Expression (1): h<d1

[0038] The base 52 is arranged to satisfy Conditional
Expression (2) as below, when assuming that the short-
est distance between an end portion 80 of the base 52
and an inner wall surface 81 of the side surface 22 (inner
wall surface of a bent side of the rear surface cover 61
which configures the side surface 22) is d2 and the short-
est distance between the end portion 80 of the base 52
and an inner wall surface 82 of the chamfered portion 70
is d3.

Conditional Expression (2): d2<d3

[0039] In other words, the base 52 is arranged so that
the space with the chamfered portion 70 is larger than
the space with the side surface 22. In addition, when the
base 52 is arranged in the thickness direction inside the
housing 11, the base 52 is fitted within a range of the
height from the boundary 73 to the front surface 12.
[0040] The reason why the base 52 is arranged in this
manner is to reduce a possibility that when the end por-
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tion of the side surface 22 side is inserted into the gap
between the patient and the installation surface on which
the patient lies on one’s back, the patient’s weight applied
to the end portion may cause the chamfered portion 70
to be recessed inward, the end portion 80 may be brought
into contact with the inner wall surface 82, and the influ-
ence may damage to the members inside the housing 11.
[0041] When the battery mounting unit 16 is arranged
in the thickness direction inside the housing 11, the bat-
tery mounting unit 16 is fitted within the range of the height
from the rear surface 14 to the boundary 73. In other
words, the height from the rear surface 14 of the inner
wall surface of the battery mounting unit 16 is lower than
the height h of the chamfered portion 70. In this manner,
when being arranged in the thickness direction inside the
housing 11, the battery mounting unit 16 and the base
52 are respectively and separately arranged so that the
battery mounting unit 16 is arranged inside the cham-
fered portion 70 and the base 52 is arranged outside the
chamfered portion 70.
[0042] Next, an operation according to the above-de-
scribed embodiment will be described. First, when lifting
up the electronic cassette 2 placed on a flat installation
surface S such as a floor surface, as illustrated in Fig. 7,
a finger F is inserted into the gap formed between the
rear surface 14 and the installation surface S by the pres-
ence of the chamfered portion 70. Then, the end portion
of the side surface 22 side of the housing 11 is raised,
thereby using the opportunity to lift the entire housing 11.
[0043] The height h and the length d1 of the chamfered
portion 70 satisfy Conditional Expression (1). According-
ly, for example, as compared to a chamfered portion 90
illustrated by a dotted line in Fig. 8, in which the height h
is the same as that of the chamfered portion 70 and the
height is equal to the length d1 (h=d1), the gap between
the rear surface 14 and the installation surface S is wide
open. Therefore, as compared to a case of h≥d1, the
finger F can be further deeply inserted into the gap be-
tween the rear surface 14 and the installation surface S,
and thus the housing 11 is likely to be raised from the
installation surface S. In addition, for example, in a cham-
fered portion 91 illustrated by a dotted line in Fig. 9, in
which the length d1 is the same as that of the chamfered
portion 70 and the height is equal to the length d1 (h=d1),
the thickness of the housing 11 eventually becomes
thicker by an increased amount of the height h. However,
in the chamfered portion 70 which satisfies Conditional
Expression (1), the thickness of the housing 11 can be
thinned. Furthermore, as illustrated in Fig. 10, if the thick-
ness of the housing 11 is adapted to have the same thick-
ness in the example of Fig. 9, the chamfered portion 70
protrudes further outward than the chamfered portion 91.
Accordingly, it is possible to widen the internal space of
the housing 11. Therefore, it is easy to arrange the base
52 so as to satisfy Conditional Expression (2).
[0044] Next, when photographing a patient who cannot
move on one’s own, such as a patient who lies on one’s
back on a bed, an aged person or an emergency patient,

as illustrated in Figs. 11A and 11b, in a posture where
the electronic cassette 2 is tilted so that one side surface
(side surface 22 in the present embodiment) of the hous-
ing 11 faces downward, an end portion of the side surface
22 side of the housing 11 is inserted into a gap between
a patient P and the installation surface S on which the
patient P lies on one’s back. Then, while the patient P is
lifted up, the housing 11 is further deeply pushed into the
gap. In this manner, the electronic cassette 2 is set to be
located at a desired photographing position.
[0045] When inserting the end portion of the side sur-
face 22 side into the gap between the patient P and the
installation surface S, the chamfered portion 70 comes
into contact with the installation surface S as illustrated
in Fig. 11B. However, the chamfered portion 70 is con-
figured so that the entire surface is formed in a curved
surface which protrudes outward from the housing 11
and has no corner to be caught on the installation surface
S. Accordingly, the end portion is smoothly inserted into
the gap between the patient P and the installation surface
S without any resistance. In addition, the chamfered por-
tion 71 is formed between the side surface 22 and the
front surface 12 which come into contact with the patient
P. Therefore, the patient P has softer contact feeling and
thus pain felt by the patient P due to the contact is re-
lieved.
[0046] Furthermore, the protection film 63 is bonded
to the transmission plate 13 to allow the front surface 12
to be a flat surface. Accordingly, without causing the pa-
tient P to feel the pain, it is possible to perform an oper-
ation for deeply pushing the housing 11 into the gap.
Even when the electronic cassette 2 is removed from the
gap between the patient P and the installation surface S
after the photographing is completed, the front surface
12 has no concave portion to be caught on clothes of the
patient P. Therefore, without causing the patient P to feel
pain, it is also possible to smoothly perform the removing
operation.
[0047] In addition, if the boundary 74 has a corner, the
weight of the patient P is intensively put on the corner
when the end portion of the housing 11 is inserted into
the gap between the patient P and the installation surface
S. However, the chamfered portion 70 is configured so
that the entire surface is formed in the curved surface
which protrudes outward from the housing 11. Accord-
ingly, the weight of the patient is unlikely to be intensively
put on one location and correspondingly the housing 11
is unbreakable. Since the corner is not caught on the
installation surface S, insertion workability is significantly
improved when inserting the end portion of the housing
11 into the gap between the patient P and the installation
surface S. Since the weight of the patient P is put on the
end portion of the housing 11 during the insertion, if the
boundary 74 has the corner, there is resistance to the
installation surface S. In contrast, since the chamfered
portion 70 is formed in the curved surface which pro-
trudes outward from the housing 11, there is no more
possibility of being caught on the installation surface S.
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Therefore, pushing force to be applied to the housing 11
can be sufficiently reduced during the insertion.
[0048] The base 52 is arranged so as to satisfy Con-
ditional Expression (2) and a clearance is formed be-
tween the base 52 and the inner wall surface 82 of the
chamfered portion 70. Accordingly, when the end portion
of the housing 11 is inserted into the gap between the
patient P and the installation surface S, there is a de-
creased possibility that the weight of the patient P which
is applied to the end portion may cause the chamfered
portion 70 to be recessed inward, the end portion 80 may
be brought into contact with the inner wall surface 82,
and the influence may damage to the members inside
the housing 11. In addition, even if the chamfered portion
70 is recessed inward and the end portion 80 is brought
into contact with the inner wall surface 82, the base 52
having the largest planar size serves as a shield to safely
protect the TFT substrate 50 and the scintillator 51. In
particular, the TFT substrate 50 made of glass is fragile
among the members configuring the image detection unit
10. Therefore, if the possibility of damage to the members
inside the housing 11 is eliminated in this manner, it is
possible to reliably protect the TFT substrate 50.
[0049] When the battery mounting unit 16 is arranged
in the thickness direction inside the housing 11, the base
52 is fitted within the height from the boundary 73 to the
front surface 12 and the battery mounting unit 16 is fitted
within the range of the height from the rear surface 14 to
the boundary 73. Accordingly, the space from the bound-
ary 73 to the front surface 12 is narrowed by the battery
mounting unit 16, and the TFT substrate 50, the scintil-
lator 51 and the base 52 are tightly arranged. Therefore,
it is possible to prevent the TFT substrate 50 from being
easily damaged when the electronic cassette 2 is
dropped by mistake.
[0050] The height h and the length d1 of the chamfered
portion 70 are preferably higher and longer when con-
sidering finger’s easy insertion. However, from a view-
point that the wider internal space of the housing 11 is
needed so as to ensure the clearance for withstanding
drop impact, the height h and the length d1 are preferably
lower and shorter. When considering this counterbal-
ance, it is preferable that the height h of the chamfered
portion 70 be 7 mm to 10 mm and the length d1 be 20
mm to 40 mm. If the height of the chamfered portion 70
is lower than 7 mm, the gap for allowing the finger F to
be inserted is not sufficiently open and thus it is difficult
to raise the housing 11 from the installation surface S.
Similarly, when the length d1 is shorter than 20 mm, the
finger F is not deeply pushed into the gap. In addition, if
the height h is higher than 10 mm, the internal space of
the housing 11 is compressed correspondingly. The
same applies to a case where the length d1 of the cham-
fered portion 70 is longer than 40 mm. If the internal space
of the housing 11 is narrowed, a distance d3 between
the end portion 80 of the base 52 and the inner wall sur-
face 82 of the chamfered portion 70 is also shortened.
Accordingly, in order to satisfy Conditional Expression

(2), it is necessary to increase the height of the legs 53
so as to further separate the end portion 80 of the base
52 from the inner wall surface 82 of the chamfered portion
70. Therefore, the thickness of the housing 11 becomes
thicker correspondingly.
[0051] As a more specific shape of the chamfered por-
tion 70, as illustrated in Fig. 12A, it is preferable that a
cross-sectional shape when viewed from the side surface
19 side be an arc which is formed by cutting off a portion
from a perfect circle C. The rear surface 14 intersects a
line L extended from a center O of the perfect circle C to
the boundary 74 at right angles. That is, the rear surface
14 is a tangent to the perfect circle C, and the boundary
74 is a tangent point to the perfect circle C. In addition,
as illustrated in Fig. 12B, the chamfered portion 70 may
adopt an elliptical arc which is formed by cutting off a
portion from an ellipse E. In this case, an angle θa formed
between a straight line La connecting a focal point Fa of
the ellipse E to the boundary 74 and the rear surface 14
is equal to an angle θb formed between a straight line Lb
connecting another focal point Fb of the ellipse E to the
boundary 74 and an extended surface of the rear surface
14 (θa=θb). That is, even in this case, the rear surface
14 is a tangent to the ellipse E and the boundary 74 is a
tangent point to the ellipse E.
[0052] Only the boundary portion P1 having a prede-
termined range in the vicinity of the boundary 73 is formed
in a curved surface which is different from the arc or the
elliptical arc which is formed by cutting off a portion from
the perfect circle C or the ellipse E. As can be understood
from this configuration, the chamfered portion 70 may be
formed so as not to have corners by connecting multiple
arcs or elliptical arcs which are formed by cutting off por-
tions from multiple perfect circles or ellipses.
[0053] In the above-described embodiment, the cham-
fered portion 70 in which the entire surface is formed in
the curved surface which protrudes outward from the
housing 11 has been described as an example. However,
the present invention is not limited thereto. For example,
the present invention may adopt a chamfered portion in
which the boundary portion P1 excluding the boundary
73, and the boundary portions P2 and P3 are formed in
a curved surface which protrudes outward from the hous-
ing 11 and the boundary 73 has a corner.
[0054] Alternatively, as in a housing 100 illustrated in
Fig. 13A, the present invention may adopt a chamfered
portion 101 in which only the boundary portions P1 and
P2 are formed in a curved surface which protrudes out-
ward from the housing 11 and the other boundary portion
P3 is formed in a planar shape. In addition, as in a housing
105 illustrated in Fig. 13B, the present invention may
adopt a chamfered portion 106 in which only the bound-
ary portion P2 is formed in a curved surface which pro-
trudes outward from the housing 11 and the other bound-
ary portions P1 and P3 are formed in a planar shape. In
short, at least the boundary portion P2 may be formed in
a curved surface which protrudes outward from the hous-
ing 11. Therefore, the chamfered portion 71 according
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to the above-described embodiment may not be formed.
[0055] As illustrated in Figs. 11A and 11B, when pho-
tographing a patient who cannot move on one’s own,
such as a patient who lies on one’s back on a bed, an
aged person or an emergency patient, in a posture where
the electronic cassette 2 is tilted so that one side surface
of the housing 11 faces downward, the end portion of the
side surface 22 side of the housing 11 is inserted into the
gap between the patient and the installation surface. Ac-
cordingly, the chamfered portion 101 illustrated in Fig.
13A or the chamfered portion 106 illustrated in Fig. 13B
first comes into contact with the installation surface. How-
ever, while this contact state is changed to a state where
the housing 11 is inserted into a portion under the patient
and the rear surface 14 is completely in contact with the
installation surface, the housing 11 is not caught on the
installation surface since at least the boundary portion
P2 is formed in the curved surface which protrudes out-
ward from the housing 11. Depending on shapes of the
boundary portion P2, there is a small difference. Howev-
er, depending on whether or not the boundary portion P2
has a corner, the boundary portion P2 greatly contributes
to significantly improved insertion workability when in-
serting the boundary portion P2 into the gap between the
patient and the installation surface.
[0056] When adopting the examples illustrated in Figs.
13A and 13B, as compared to the chamfered portion 70,
a planar portion has a shape in which the housing is cut
off further inward. Accordingly, it is easy to push the finger
deeply into the gap. In addition, when inserting the end
portion of the housing into the gap between the patient
and the installation surface, the planar portion comes into
surface contact with the installation surface. Accordingly,
as compared to the chamfered portion 70 in the above-
described embodiment, the contact area with the instal-
lation surface is increased and the resistance is in-
creased correspondingly. However, as compared to the
chamfered portion 70, the chamfered portions receive
the dispersed weight of the patient and thus are unlikely
to be recessed inward. However, as compared to a case
where the entire surface of the chamfered portion is
formed in the curved surface which protrudes outward
from the housing, the internal space of the housing is
compressed and it is difficult to form a clearance for buff-
ering the impact between the base and the inner wall
surface of the chamfered portion. Therefore, it is prefer-
able that the entire surface of the chamfered portion be
formed in the curved surface which protrudes outward
from the housing 11 as in the above-described embodi-
ment.
[0057] Even in a case of the chamfered portion includ-
ing the above-described plane, a portion formed in the
curved surface which protrudes outward from the hous-
ing 11 may be configured to be an arc which is formed
by cutting off a portion from the perfect circle C as illus-
trated by a dotted line in Fig. 13A, the rear surface may
be the tangent to the perfect circle C, and the boundary
between the chamfered portion and the rear surface may

be the tangent point. Alternatively, although not illustrat-
ed, the portion may be configured to be an elliptical arc
which is formed by cutting off a portion from an ellipse,
the rear surface may be the tangent to the ellipse, and
the boundary between the chamfered portion and the
rear surface may be the tangent point.
[0058] In the above-described embodiment, the cham-
fered portion is disposed between all of four side surfaces
and the rear surface. However, the chamfered portion
may be disposed between at least one side surface and
the rear surface.
[0059] In the above-described embodiment, a portion
of the housing is configured to be the chamfered portion
and the chamfered portion is disposed integrally with the
housing. However, the housing and the chamfered por-
tion may be separate members from each other, and the
electronic cassette may be configured by assembling the
separate members with each other.
[0060] In the above-described embodiment, the base
has been described as an example of the largest member
whose planar size is largest among the members accom-
modated inside the housing, but the present invention is
not limited thereto. For example, when the base is not
required by disposing legs similar to the base in a circuit
board, the circuit board can be the largest member.
[0061] In the above-described embodiment, the image
detection unit of the TFT type has been described as an
example. However, the present invention may adopt an
image detection unit of a complementary metal oxide
semiconductor (CMOS) type. Furthermore, without being
limited to the X-ray, the present invention can also be
applied to a case where other radiation rays such as γ-
rays are used in radiography.

Claims

1. An electronic cassette comprising:

an image detection unit that detects a radio-
graphic image of a photographic subject;
a rectangular parallelepiped housing that ac-
commodates the image detection unit, and that
has a front surface on which radiation is incident,
a rear surface opposing the front surface, and
four side surfaces; and
a chamfered portion that is disposed between
at least one of the side surfaces and the rear
surface, and that is configured to have a surface
tilted to the side surface and the rear surface,
wherein a boundary portion between the cham-
fered portion and the rear surface is formed in
a curved surface which protrudes outward from
the housing.

2. The electronic cassette according to claim 1,
wherein an entire surface of the chamfered portion
which includes a boundary portion with the rear sur-
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face and a boundary portion with the side surface is
formed in a curved surface which protrudes outward
from the housing.

3. The electronic cassette according to claim 1 or 2,
wherein the chamfered portion satisfies a condition
of h<d1 when assuming that a height of the housing
in a thickness direction is h and a length in a hori-
zontal direction which is orthogonal to the thickness
direction is d1 in the respective boundaries between
the rear surface and the side surface.

4. The electronic cassette according to claim 3,
wherein the height h is 7 mm to 10 mm and the length
d1 is 20 mm to 40 mm.

5. The electronic cassette according to claim 3 or 4,
wherein in a cross-sectional shape of the chamfered
portion, the boundary portion with the rear surface
is an arc or an elliptical arc which is formed by cutting
off a portion from a perfect circle or an ellipse.

6. The electronic cassette according to claim 5,
wherein the rear surface is a tangent to the perfect
circle or the ellipse, and a boundary between the
chamfered portion and the rear surface is a tangent
point to the perfect circle or the ellipse.

7. The electronic cassette according to any one of
claims 3 to 6,
wherein the largest member out of members accom-
modated inside the housing satisfies a condition of
d2<d3 when assuming that the shortest distance be-
tween an end portion of the largest member whose
planar size is largest and an inner wall surface of the
side surface is d2 and the shortest distance between
the end portion of the largest member and an inner
wall surface of the chamfered portion is d3.

8. The electronic cassette according to claim 7,
wherein the largest member is a base to which a
circuit board is attached.

9. The electronic cassette according to claim 7 or 8,
wherein when the largest member is arranged in the
thickness direction inside the housing, the largest
member is fitted within a range of a height from a
boundary between the chamfered portion and the
side surface to the front surface.

10. The electronic cassette according to claim 9,
wherein the rear surface has a battery mounting unit
on which a battery unit for supplying power to the
image detection unit is detachably mounted and
which is a concave portion in which the rear surface
is recessed toward the front surface, and
wherein when the battery mounting unit is arranged
in the thickness direction inside the housing, the bat-

tery mounting unit is fitted within a range of a height
from the rear surface to the boundary between the
chamfered portion and the side surface.
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