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(54) RADIATION DETECTING DEVICE

(57) A radiation detector includes a photodetector
(19) comprising a fluorescent film to convert radiation
into light, and a photoelectric conversion element to con-
vert light into an electrical signal, a circuit board (13)
which electrically drives the photodetector, and electron-
ically processes an output signal from the photodetector,

and a connection board (14) which electrically connects
the photodetector and circuit board, and comprising flex-
ible circuit board (28), and an IC mounting board (30)
which is less flexible than the flexible circuit board and
provided with an IC semiconductor element (29), the flex-
ible circuit board and IC mounting board being connected
to each other.
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Description

Technical Field

[0001] The present invention relates to a radiation de-
tector to detect radiation.

Background Art

[0002] In recent years, a radiation detector, comprising
a fluorescent film to convert radiation, particularly X-rays
into light, and a photoelectric conversion element to con-
vert the light into an electric signal, has been practically
used. Such a radiation detector can reduce the size and
weight of radiological equipment. The radiation detector
converts image data obtained by radiation passing
through an object, into digital electronic data. The radia-
tion detector has great convenience in digital data
processing such as digital image processing and digital
image storage.
[0003] The radiation detector has been used in a wide
field including medical and dental uses which are used
for diagnosis and treatment for patients, industrial use of
nondestructive inspection, scientific inquiry of structural
analysis, etc. Digital data processing enables precision
image extraction and high-speed image detection in each
field. The degree of undesired exposure to radiation can
be reduced, and speedy inspection and diagnosis can
be realized.
[0004] Scintillator technology is often used for a fluo-
rescent film of a radiation detector. A scintillator is made
of material consisting mainly of Cs and I used for a con-
ventional X-ray image tube. The scintillator material con-
sisting mainly of cesium iodine (CsI) and forming a co-
lumnar crystal can improve sensitivity and resolution by
an optical guide effect, compared with other scintillator
materials forming a particulate crystal.
[0005] A conventional X-ray image tube needs an elec-
tronic lens in a vacuum tube, and increases the size and
weight. However, a thin two-dimensional radiation detec-
tor is possible by making a photodetector having a pho-
toelectric conversion element of a thin-film element using
amorphous silicon.
[0006] A photodetector and a circuit board, for exam-
ple, are arranged in parallel to realize an advanced thin
lightweight radiation detector. A fluorescent film is used
in the photodetector. The circuit board electrically drives
the photodetector, and electrically processes an output
signal from the photodetector.
[0007] A flexible circuit board connects the photode-
tector and circuit board. A flexible circuit board is provided
with a shift register, and an integrated-circuit (IC) semi-
conductor element for detecting a signal. The above tech-
nique of reducing the whole size of a radiation detector
is disclosed in Jpn. Pat. Appln. KOKAI Publication No.
H8-116044 (page 33, FIG. 52).
[0008] On the other hand, the radiation detector has
been improved in the performance. Particularly, a power

supply noise is reduced to improve the output signal sta-
bility and signal-to-noise ratio. For example, a low-pass
filter is connected to each reference power supply. Such
a technique intends to reduce a random noise in each
reference voltage, and to prevent fluctuations and deg-
radation of signal-to-noise ratio in an output signal
caused by noise in such reference voltages. The tech-
nique is disclosed in Jpn. Pat. Appln. KOKAI Publication
No. 2003-163343 (pages 3-4, FIG. 1).

Disclosure of Invention

[0009] The above described conventional technology
causes the following problems.
[0010] The flexible circuit board is highly flexible, and
effective for electrical connection between parallel-con-
nected photodetector and circuit board. However, a local
stripping stress may occur in the electrical connection
part of the signal detection IC semiconductor element
mounted on the flexible circuit board. Therefore, the flex-
ible circuit board may raise a problem such as stripping,
which degrades the reliability of the electrical connection
part.
[0011] Further, as the flexible circuit board is highly
flexible, the signal detection IC semiconductor element
is likely to move when an external force is applied to the
radiation detector. The larger the mass of the signal de-
tection IC semiconductor element, the vibration or shock
is greater. When a great vibration or shock occurs, the
electrical connection part is mechanically damaged.
[0012] Further, when a vibration occurs in the radiation
detector, the flexible circuit board is easy to be deformed.
The deformed flexible circuit board causes a fluctuation
in the floating capacitance of the electrical traces on the
flexible circuit board. As a result, noise occurs in the ref-
erence power supply voltage, input signal, and output
signal of the signal detection IC semiconductor element
mounted on the flexible circuit board. Therefore, the ra-
diation detector cannot display full performance even if
a noise protective measure is taken for the circuit.
[0013] The flexible circuit board provided with a signal
detection IC semiconductor element is contracted in the
form of a tape carrier package (TCP) or chip on film
(COF). Thus, other electronic parts such as a capacitor
cannot be arranged or mounted close to the signal de-
tection IC semiconductor element on the flexible circuit
board. These electronic parts are used for generating a
reference potential necessary for the signal detection IC
semiconductor element. This increases a noise in the
voltage or signal.
[0014] A multilayer structure is problematic with re-
spect to the traces for a power supply, grounding, a ref-
erence potential, a control signal, and a detection signal.
These traces are arranged in parallel on a flat surface.
The trace for a detection signal is susceptible to noise,
and is likely to permit noise.
[0015] Impedance is high in the traces for a power sup-
ply and grounding in the signal detection IC semiconduc-
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tor element. Thus, the power supply voltage is decreased
in an input terminal part of the signal detection IC semi-
conductor element. This may affect an offset of ground-
ing, and fixed noise.
[0016] The invention has been made to solve the
above points. An object of the invention is to provide a
radiation detector, which achieves reduction of dimen-
sions, improves the reliability in connection between a
photodetector and a circuit board, and controls a noise
factor caused by a connection board.
[0017] To achieve the object, according to an aspect
of the invention, there is provided a radiation detector
comprising:

a photodetector comprising a fluorescent film to con-
vert radiation into light, and a photoelectric conver-
sion element to convert light into an electrical signal;
a circuit board which electrically drives the photode-
tector, and electronically processes an output signal
from the photodetector; and
a connection board which electrically connects the
photodetector and circuit board, and comprising a
flexible circuit board, and an IC mounting board
which is less flexible than the flexible circuit board
and provided with an IC semiconductor element, the
flexible circuit board and IC mounting board being
connected to each other.

Brief Description of Drawings

[0018]

FIG. 1 is a sectional view showing a part of an X-ray
detector according to an embodiment of the inven-
tion;
FIG. 2 is a development view showing a part of a
photodetector and a connection board of the X-ray
detector;
FIG. 3A is a front view showing the connection board
of the X-ray detector;
FIG. 3B is a side view of the connection board shown
in FIG. 3A;
FIG. 3C is a rear view of the connection board shown
in FIG. 3A;
FIG. 4 is a front view showing a part of a support
substrate of the X-ray detector;
FIG. 5A is a schematic diagram for explaining im-
provement of the reliability of the X-ray detector
against an external stress, showing a connection
board with an IC semiconductor element mounted
on an IC mounting board;
FIG. 5B is a schematic diagram for explaining im-
provement of the reliability of the X-ray detector
against an external stress, equivalent to a conven-
tional example with an IC semiconductor element
mounted on a flexible circuit board; and
FIG. 6 is an exploded perspective view of a part of
the X-ray detector, showing an X-ray detection panel

with a part broken away.

Best Mode for Carrying Out the Invention

[0019] Hereinafter, an embodiment of the invention will
be explained with reference to the accompanying draw-
ings.
[0020] FIG. 1 is a sectional view showing a part of an
X-ray detector 11 as a radiation detector. The X-ray de-
tector 11 comprises an X-ray detection panel 12 as a
radiation detection panel, a circuit board 13, a connection
board 14, a support substrate 15, and a casing 16. The
circuit board 13 electrically drives the X-ray detection
panel 12 (photodetector), and electrically processes an
output signal from the X-ray detection panel 12 (photo-
detector). The connection board 14 connects the X-ray
detection panel 12 and circuit board 13. The support sub-
strate 15 supports the X-ray detection panel 12 and circuit
board 13. The casing 16 houses parts of the X-ray de-
tection panel 12, circuit board 13, connection board 14,
and a part of the support substrate 15.
[0021] FIG. 6 shows thin-film transistors (TFT) 26, pho-
todiodes (PD) 27, and a fluorescent film 23. The X-ray
detection panel 12 comprises a photodetector 19, a flu-
orescent film 23, and a moisture-proof cover 21. In the
X-ray input side 20, the fluorescent film 23 is formed on
the photodetector 19. The moisture-proof cover 21 cov-
ers the fluorescent film 23, and is sealed to the fluores-
cent film 23.
[0022] The photodetector 19 comprises a plurality of
TFTs 26 and PDs 27 provided as photoelectric conver-
sion elements on a 0.7-mm-thick glass substrate. The
TFT 26 and PD 27 are made by using amorphous silicon
(a-Si) as a base material. The fluorescent film 23 converts
an X-ray as radiation into light. The PD 27 converts the
light converted by the fluorescent film 23 into an electrical
signal.
[0023] As shown in FIG. 2, a plurality of terminal pads
22 for connection to the outside is formed in the outer
circumference of the photodetector 19. The terminal pad
22 is used to input an electrical signal for driving the pho-
todetector 19, and to output an output signal.
[0024] The circuit board 13 electrically drives the pho-
todetector 19, and electrically processes an output signal
from the photodetector 19. A connector 25 for electrically
connecting the connection board 14 is provided in the
outer circumference of the circuit board 13.
[0025] As shown in FIGS. 1, 2, 3A, 3B and 3C, the
connection board 14 comprises a flexible circuit board
28 with only traces provided, and an IC mounting board
30 with an IC semiconductor element 29 mounted. The
IC mounting board 30 is less flexible than the flexible
circuit board 28. The connection board 14 connects one
end of the flexible circuit board 28 and one end of the IC
mounting board 30.
[0026] The flexible circuit board 28 is provided with a
trace pattern made of a copper film on a polyimide film,
for example. The flexible circuit board 28 is highly flexible
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circuit board. On the front side or the other end side of
the flexible circuit board 28, a trace pattern is exposed,
and a connection part 31 is formed in the exposed area
of the trace pattern. The connection part 31 ensures the
stability of electrical connection, and the exposed area
is gold plated. The connection part 31 of the flexible circuit
board 28 is connected to the terminal pads 22 of the
photodetector 19. The connection part 31 and terminal
pad 22 are connected by thermocompression bonding
an anisotropic conductive film (ACF). This connection
method ensures electrical connection of minute signal
lines.
[0027] The IC mounting board 30 is a rigid multilayer
circuit substrate formed by laminating a multilayer copper
film on a glass epoxy material, for example. One side of
the IC mounting board 30 is provided with the IC semi-
conductor element 29, and connected to one end of the
flexible circuit board 28. A connector 32 is provided on
the other side of the IC mounting board 30. The connector
32 is electrically connected to the connector 25 of the
circuit board 13. The IC mounting board 30 is fixed to the
circuit board 13 through the connector 32. Therefore, the
IC mounting board 30 and circuit board 13 are electrically
connected by a connector method.
[0028] The IC mounting board 30 and circuit board 13
are definitely positioned. The IC mounting board 30 is
fixed at predetermined positions in the casing 16. The IC
mounting board 30 is a multilayer circuit board. There-
fore, the trace structure of the IC mounting board 30 en-
ables appropriate terminal connections to the IC semi-
conductor element 29, flexible circuit board 28, and circuit
board 13.
[0029] As the IC semiconductor element 29, an IC
semiconductor element 29a for driving the photodetector
and an IC semiconductor element 29b for detecting a
signal are used. The photodetector-driving IC semicon-
ductor element 29a electrically drives the photodetector
19. The signal detection IC semiconductor element 29b
processes an output signal from the photodetector 19.
The signal detection IC semiconductor element 29b has
a function of amplifying a minute output signal from the
photodetector 19.
[0030] The support substrate 15 is made of aluminum
alloy, for example. On one face of the support substrate
15, the photodetector 19 of the X-ray detection panel 12
is fixed through a sticking gel sheet 35 as a gel material.
On the other face of the support substrate 15, the circuit
board 13 is fixed through an X-ray shielding lead plate
37 and a radiating/insulating sheet 38. Further, as shown
in FIG. 4, an opening 40 is provided in the vicinity of the
outer circumference of the support substrate 15. The
opening 40 passes the flexible circuit board 28 of the
connection board 14 connecting the photodetector 19 of
the X-ray detection panel 12 and the circuit board 13. A
plurality of mounting holes 41 is provided at a corner of
the support substrate 15.
[0031] Further, as shown in FIG. 1, the casing 16 com-
prises cover parts 44 and 45. The peripheral edge portion

of the support substrate 15 is held between the peripheral
edge portions of the cover parts 44 and 45. The peripheral
edge portion of the support substrate 15, and the periph-
eral edge portions of the cover parts 44 and 45 are fixed
by an anchor 42. The anchor 42 is a fixing screw inserted
into the mounting hole 41. The anchor 42 may consist of
a nut and a bolt penetrating through the mounting hole 41.
[0032] Next, a procedure of constructing the X-ray de-
tector 11 will be briefly explained.
[0033] First, the IC semiconductor element 29 is bump
connected on the IC mounting board 30 by reflow sol-
dering, thereby forming the connection board 14 shown
in FIGS. 3A, 3B and 3C.
[0034] Then, as shown in FIG. 4, the connection part
31 of the flexible circuit board 28 is fixed to the terminal
pads 22 of the photodetector 19 by thermocompression
bonding through ACF. ACF is composed of an adhesive
component and conductive filler. By the thermocompres-
sion bonding, the adhesive component is hardened while
the conductive filler is electrically conducting predeter-
mined terminals of the connection part 31 and terminal
pads 22, thereby establishing electrical connection.
[0035] Usually, the connection board 14 provided with
the photodetector-driving IC semiconductor element 29a
and the connection board 14 provided with the signal
detection IC semiconductor element 29b are separately
manufactured. Two connection boards 14 are fixed to
the photodetector 19 by thermocompression bonding.
[0036] As described above, the X-ray detection panel
12 fixed to the connection board 14 is fixed to the support
substrate 15 by using the gel sheet 35. At this time, each
connection board 14 is exposed to the opposite face of
the support substrate 15 through the opening 40. The
lead plate 37 is previously fixed to the support substrate
15.
[0037] Next, the circuit board 13 is fixed to the lead
plate 37 with a screw on the opposite face of the support
substrate 15 through the radiating/insulating sheet 38.
On the circuit board 13, a plurality of connectors 25 are
mounted corresponding to a plurality of connection
boards 14. The connector 25 of each connection board
14 is connected to each connector 25 of the circuit board
13. Therefore, the X-ray detection panel 12, the IC sem-
iconductor element 29 on the connection board 14, and
the circuit board 13 are electrically connected.
[0038] The peripheral edge portion of the support sub-
strate 15 is held between the peripheral edge portions of
the cover parts 44 and 45. Finally, the peripheral edge
portions of the cover parts 44 and 45 are fixed to the
peripheral edge portion of the support substrate 15 by
the anchor 42. The casing structure of the X-ray detector
11 is now completed.
[0039] The IC mounting board 30 of the connection
board 14 has rigidity, and terminal connections to the
mounted IC semiconductor element 29 can be stably and
uniformly established. Further, when an external stress
is applied to the connection board 14, the rigid IC mount-
ing board 30 functions as a protector, and a direct load
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to the terminal connection between the IC mounting
board 30 and the IC semiconductor element 29 is re-
duced. For example, a stripping force likely to be pro-
duced in the flexible circuit board 28 is greatly decreased.
As a result, the reliability of the terminal connection be-
tween the connection board 14 and the IC semiconductor
element 29 can be greatly improved.
[0040] FIGS. 5A and 5B are schematic diagrams for
explaining improvement of the reliability of the X-ray de-
tector 11 against an external stress. FIG. 5A is a sche-
matic diagram showing the connection board 14 with the
IC semiconductor element 29 mounted on the IC mount-
ing board 30. FIG. 5B is a schematic diagram showing
the connection board equivalent to a conventional exam-
ple with the IC semiconductor element 29 mounted on a
flexible circuit board F.
[0041] As shown in FIG. 5B, the flexible circuit board
F is flexible with a low rigidity. The flexible circuit board
F can be largely bent against a small bending stress.
Therefore, a part of a stripping force is concentrated on
each terminal and bump B connecting the flexible circuit
board F and IC semiconductor element 29. As a result,
the terminals and bump B tend to break.
[0042] In contrast, as shown in FIG. 5A, the IC mount-
ing board 30 is rigid, and has a large curvature. Therefore,
even if a stripping force (a bending stress) is applied to
the IC mounting board 30, the force is distributed to the
terminals and bumps connecting the IC mounting board
30 and IC semiconductor element 29. Therefore, the ter-
minals and bumps B are prevented from breaking, there-
by greatly improving the reliability.
[0043] The IC mounting board 30 of the connection
board 14 is fixed at a predetermined position. In this ex-
ample, the IC mounting board 30 is fixed to the circuit
board 13 through the connectors 25 and 32, and the po-
sition of the IC mounting board 30 is fixed. This prevents
fluctuations of floating capacity in the signal traces and
reference potential supply trace on the IC mounting board
30, the circuit board 13, and the casing 16. Therefore,
the output signal stability and signal-to-noise ratio can
be improved.
[0044] As described above, the connection board 14
connecting the photodetector 19 and circuit board 13
comprises the connected flexible circuit board 28, and
the IC mounting board 30 provided with the IC semicon-
ductor element 29 connected to each other. By using the
flexibility of the flexible circuit board 28, the size of the
X-ray detector 11 can be reduced. By mounting the IC
semiconductor element 29 on the rigid IC mounting board
30, the connection reliability can be improved. A noise
factor caused by the connection board 14 can be con-
trolled. Therefore, the output signal stability and signal-
to-noise ratio can be improved.
[0045] The invention is not limited to the embodiment
explained herein. The invention may be embodied by
modifying the constituent element in practical phases
without departing the essential characteristics. The in-
vention may be realized by appropriately combining the

constituent element disclosed in the embodiment ex-
plained herein. For example, some of the constituent el-
ements shown in the embodiment may be eliminated.
[0046] For example, an X-ray detector may comprise
a plurality of circuit boards 13. In other words, an X-ray
detector may comprise at least one circuit board 13,
which electrically drives the photodetector 19 and elec-
trically processes an output signal from the photodetector
19.
[0047] The invention is not limited to an X-ray detector.
The invention is applicable to any kind of radiation de-
tector.

Industrial Applicability

[0048] According to the invention, a connection board
for connecting a photodetector and a circuit board is
formed by connecting a flexible circuit board, and an IC
mounting board provided with an IC semiconductor ele-
ment. By using the flexibility of the flexible circuit board,
the size of the radiation detector can be reduced. By
mounting the IC semiconductor element on the IC mount-
ing board, the connection reliability can be improved. Fur-
ther, a noise factor caused by a connection board can
be controlled. Therefore, the output signal stability and
signal-to-noise ratio can be improved.

Claims

1. A radiation detector comprising:

a photodetector comprising a fluorescent film to
convert radiation into light, and a photoelectric
conversion element to convert light into an elec-
trical signal;
a circuit board which electrically drives the pho-
todetector, and electronically processes an out-
put signal from the photodetector; and
a connection board which electrically connects
the photodetector and circuit board, and com-
prising a flexible circuit board, and an IC mount-
ing board which is less flexible than the flexible
circuit board and provided with an IC semicon-
ductor element, the flexible circuit board and IC
mounting board being connected to each other.

2. The radiation detector according to claim 1,
wherein
the flexible circuit board is electrically connected to
the photodetector, and
the IC mounting board is electrically connected to
the circuit board.

3. The radiation detector according to claim 1, wherein
the IC mounting board and circuit board are electri-
cally connected by a connector method.
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4. The radiation detector according to claim 2,
wherein the IC mounting board and circuit board are
electrically connected by a connector method.

5. The radiation detector according to claim 1, wherein
the IC semiconductor element is a signal detection
IC semiconductor element having an electrical am-
plification function.

6. The radiation detector according to claim 2, wherein
the IC semiconductor element is a signal detection
IC semiconductor element having an electrical am-
plification function.

7. The radiation detector according to claim 3, wherein
the IC semiconductor element is a signal detection
IC semiconductor element having an electrical am-
plification function.

8. The radiation detector according to claim 4, wherein
the IC semiconductor element is a signal detection
IC semiconductor element having an electrical am-
plification function.
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