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(54) WIRING SUBSTRATE AND RADIATION DETECTOR USING SAME

(57) Between a radiation detecting section 1, ar-
ranged by a scintillator 10 and a PD array 15, and a sig-
nal processing element 30, processing detected signals
output from PD array 15, is disposed a wiring substrate
section 2, provided with conduction paths that guide the
detected signals between PD array 15 and signal
processing element 30. Wiring substrate section 2 has
a first wiring substrate 20, having conductive members
21, which are to serve as the conduction paths at the
PD array 15 side, provided in through holes 20c, and a

second wiring substrate 25, having conductive mem-
bers 26, which are to serve as the conduction paths at
the signal processing element 30 side, provided in
through holes 25c, and is arranged so that the positions
of through holes 20c in wiring substrate 20 differ from
the positions of through holes 25c in wiring substrate 25
as viewed in the alignment direction. A wiring substrate,
with which the transmission of radiation is restrained,
and a radiation detector, using this wiring substrate, are
thus provided.
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Description

Technical Field

[0001] This invention concerns a wiring substrate,
provided with a conduction path that guide an electrical
signal, and a radiation detector using the same.

Background Art

[0002] As a radiation detector for use as a CT sensor,
etc., there is a detector of an arrangement wherein a
scintillator is disposed on a light-incident surface of a
semiconductor photodetecting element array, such as a
photodiode array. With such a radiation detector, when
an X-ray, γ-ray, charged particle beam, or other radiation
to be detected is made incident on the scintillator, scin-
tillation light is generated inside the scintillator by the
radiation. This scintillation light is then detected by
means of the semiconductor photodetecting elements
to thereby detect the radiation.
[0003] Also, in order to perform signal processing of
the detected signals output from the respective photo-
detecting elements of the photodetecting element array,
a signal processing element is provided. As an arrange-
ment for electrically connecting the photodetecting ele-
ments with the signal processing element, an arrange-
ment wherein connections are made by various wirings,
an arrangement wherein connections are made via con-
duction paths provided at a wiring substrate, etc., may
be used (see for example, Japanese Patent Application
Laid-Open No. H8-330469).

Disclosure of the Invention

[0004] Normally with the above-mentioned radiation
detector, a part of the radiation that is made incident on
the scintillator is transmitted through the scintillator and
the photodetecting element array. Meanwhile, with an
arrangement wherein the scintillator, photodetecting el-
ement array, wiring substrate, and signal processing el-
ement are positioned along a predetermined alignment
direction, the radiation that is transmitted through the
scintillator, etc., becomes incident, via the wiring sub-
strate, on the signal processing element at the down-
stream side in the alignment direction. When radiation
is thus made incident on the signal processing element,
the signal processing element undergoes radiation
damage, thus causing degradation of the reliability and
life of the radiation detector.
[0005] This invention has been made to resolve the
above problem and an object thereof is to provide a wir-
ing substrate, with which the transmission of radiation
is restrained, and a radiation detector using such a wir-
ing substrate.
[0006] In order to achieve the above object, this in-
vention provides in a wiring substrate, having a conduc-
tion path that guide an electrical signal between a signal

input surface and a signal output surface, a wiring sub-
strate (1) comprising at least a first wiring substrate, dis-
posed at the signal input surface side, and a second wir-
ing substrate, connected to the first wiring substrate at
the signal output surface side, with each wiring sub-
strate respectively comprising a glass substrate, formed
of a predetermined glass material having a radiation
shielding function and provided with a through hole, and
a conductive member, disposed in the through hole and
functioning as the conduction path that provide electrical
continuity between the input surface and the output sur-
face, and (2) wherein as viewed in the conduction direc-
tion from the signal input surface to the signal output
surface, the position of the through hole in the first wiring
substrate differs from the position of the through hole in
the second wiring substrate.
[0007] With the above-described wiring substrate, the
wiring substrate used for electrically connecting a radi-
ation detecting means and a signal processing means
in a radiation detector, etc., is arranged by two wiring
substrates having predetermined glass substrates. And
in regard to the through hole of the conduction path that
is provided in each of the first and second wiring sub-
strates, the through holes are provided at mutually dif-
ferent positions.
[0008] With such an arrangement, at portions at which
there are no through holes in the first and second wiring
substrates, the transmission of radiation from the signal
input surface to the signal output surface is restrained
by the glass material. Also, with this arrangement, even
at portions where there is a through hole at just one of
either the first or second wire substrate, there is no
through hole at the other wiring substrate. Thus at all
positions of the wiring substrate, the glass material with
radiation shielding function exists at least at one of the
two wiring substrates. A wiring substrate is thereby re-
alized with which the transmission of radiation is re-
strained as a whole.
[0009] In regard to the glass material used in the wir-
ing substrate, each of the first wiring substrate and the
second wiring substrate is preferably formed of a glass
material that contains lead. The transmittance of radia-
tion through the wiring substrate can thereby be re-
strained effectively. Also, substrates formed of other
glass materials with radiation shielding function may be
used instead.
[0010] In regard to the arrangement of the conduction
paths of the wiring substrate, the conductive member of
each of the first wiring substrate and the second wiring
substrate may be formed on the inner wall of the through
hole provided in the glass substrate. Or, the conductive
member may be provided by filling the interior of the
through hole provided in the glass substrate. By using
such conductive members as conduction paths, electri-
cal signals can be transmitted favorably between the
signal input surface and the signal output surface.
[0011] Preferably, the glass substrate of each of the
first wiring substrate and the second wiring substrate is
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a glass substrate wherein a plurality of through holes
are provided by fusing together and integrally forming a
plurality of hollow glass members that are open at both
ends. A substrate of an arrangement besides this may
also be used.
[0012] This invention's radiation detector comprises:
(1) a radiation detecting means, outputting a detected
signal upon detecting radiation made incident thereon;
(2) a signal processing means, processing the detected
signal from the radiation detecting means; and (3) a wir-
ing substrate section, which has the above-described
wiring substrate provided with the conduction path that
guide the detected signal between the signal input sur-
face and the signal output surface and with which the
radiation detecting means and the signal processing
means are connected to the signal input surface and the
signal output surface, respectively; and (4) wherein the
radiation detecting means, the wiring substrate section,
and the signal processing means are positioned in that
order along a predetermined alignment direction that
substantially matches the conduction direction in the
wiring substrate.
[0013] With the above-described radiation detector,
the wiring substrate of the above-described arrange-
ment, having the first and second wiring substrates, is
used as the wiring substrate section that electrically con-
nects the radiation detecting means and the signal
processing means and transmits the detected signal,
which is the electrical signal. With such an arrangement,
at all positions of the wiring substrate section, the glass
material with radiation shielding function exists at least
at one of the two wiring substrates. A radiation detector
is thus realized wherein radiation is prevented from be-
coming incident on the signal processing element and
degradation of the reliability and life due to radiation
damage is restrained.
[0014] In regard to the arrangement of the radiation
detecting means, an arrangement having a scintillator,
which generates scintillation light upon incidence of ra-
diation, and a semiconductor photodetecting element,
which detects the scintillation light from the scintillator,
can be used as the radiation detecting means. Also, an
arrangement, having a semiconductor detecting ele-
ment that detects radiation made incident thereon, may
be used instead.
[0015] Preferably, at least one of either the combina-
tion of the wiring substrate section and the radiation de-
tecting means or the combination of the wiring substrate
section and the signal processing means is electrically
connected via a bump electrode. By using such metal
bump electrodes as the electrical connection means,
the respective components can be electrically connect-
ed favorably.

Brief Description of the Drawings

[0016] Fig. 1 is a sectional side view showing the
cross-sectional structure of an embodiment of a wiring

substrate and a radiation detector using the wiring sub-
strate.
[0017] Fig. 2 is a perspective view showing the ar-
rangement of the radiation detector of Fig. 1 in an ex-
ploded manner.
[0018] Fig. 3A and Fig. 3B are plan views respectively
showing the arrangement of (A) a signal input surface
and (B) a signal output surface of a first wiring substrate.
[0019] Fig. 4A and Fig. 4B are plan views respectively
showing the arrangement of (A) a signal input surface
and (B) a signal output surface of a second wiring sub-
strate.
[0020] Fig. 5A to Fig. 5C are drawings showing an ex-
ample of a glass substrate provided with a plurality of
through holes.
[0021] Fig. 6A and Fig. 6B are drawings showing an
example of the arrangement of a conductive member
disposed at a through hole of a wiring substrate.
[0022] Fig. 7A and Fig. 7B are drawings showing an-
other example of the arrangement of a conductive mem-
ber disposed at a through hole of a wiring substrate.

Best Mode for Carrying out the Invention

[0023] Preferred embodiments of this invention's wir-
ing substrate and radiation detector using the same
shall now be described in detail along with the drawings.
In the description of the drawings, the same elements
shall be provided with the same symbols and overlap-
ping description shall be omitted. Also, the dimensional
proportions of the drawings do not necessary match
those of the description.
[0024] Fig. 1 is a sectional side view showing the
cross-sectional structure of an embodiment of this in-
vention's wiring substrate and radiation detector. Fig. 2
is a perspective view showing the arrangement of the
wiring substrate and the radiation detector shown in Fig.
1 with the respective components being shown in ex-
ploded manner. As shown in Fig. 1 and Fig. 2, for the
convenience of description, an axis along the direction
of incidence of radiation shall be taken as the z-axis and
two axes orthogonal to the z-axis shall be taken as the
x-axis and the y-axis in the description that follows.
Here, the negative direction of the z-axis is the conduc-
tion direction from a signal input surface to a signal out-
put surface of the wiring substrate and is the alignment
direction of the respective components of the radiation
detector.
[0025] The radiation detector shown in Fig. 1 is pro-
vided with a radiation detecting section 1, a wiring sub-
strate section 2, and a signal processing section 3. As
shown in Fig. 2, these are positioned in that order from
the upstream side (upper side of the figure) to the down-
stream side (lower side) along the predetermined align-
ment direction.
[0026] Radiation detecting section 1 is a detecting
means that detects an X-ray, γ-ray, charged particle
beam, or other radiation that is made incident as the ob-
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ject of detection on the present radiation detector and
outputs detected signals, which are electrical signals
corresponding to the incident radiation. With the present
embodiment, radiation detecting section 1 is arranged
as having a .scintillator 10 and a photodiode array 15.
[0027] Scintillator 10 comprises an upstream side
portion of radiation detecting section 1 and its upper sur-
face 10a is a radiation incidence surface of the present
radiation detector. This scintillator 10 generates scintil-
lation light of a predetermined wavelength upon inci-
dence of radiation from incidence surface 10a.
[0028] Photodiode array (PD array) 15 comprises a
downstream side portion of radiation detecting section
1. This PD array 15 is a photodetecting element array
wherein a plurality of photodiodes (PDs), which are
semiconductor photodetecting elements that detect the
scintillation light from scintillator 10, are arrayed. A light
exit surface 10b, which is the lower surface of scintillator
10, and a light-incident surface 15a, which is the upper
surface of PD array 15, are optically connected via an
optical adhesive agent 11, through which the scintillation
light is transmitted.
[0029] As an arrangement example of PD array 15, a
PD array, wherein 4 3 4 = 16 photodiodes 16 are ar-
rayed in two dimensions with the x-axis and the y-axis
as the alignment axes, is shown in Fig. 2. A lower sur-
face 15b of PD array 15 is a signal output surface for
outputting detected signals from the respective photo-
diodes 16. At this lower surface 15b, 16 bump elec-
trodes 17, which are detected signal output electrodes,
are arrayed in a 4 3 4 manner in correspondence with
the respective photodiodes 16. Though not illustrated in
particular, bump electrodes that serve as common elec-
trodes of the photodiodes are also provided.
[0030] Wiring substrate section 2 is positioned at the
downstream side of radiation detecting section 1. With
the present embodiment, wiring substrate section 2 is
arranged with a wiring substrate, formed by layering the
two wiring substrates of a first wiring substrate 20 and
a second wiring substrate 25 and provided with conduc-
tion paths that guide electrical signals between the sig-
nal input surface and the signal output surface. With
each of these wiring substrates 20 and 25, a glass sub-
strate, formed of a predetermined glass material having
a radiation shielding function, is used as the substrate.
As such a glass material, for example, lead glass, which
contains lead, is preferably used.
[0031] First wiring substrate 20 comprises an up-
stream side portion of the wiring substrate used in wiring
substrate section 2. Fig. 3A and Fig. 3B are plan views
showing the arrangement of first wiring substrate 20,
with Fig. 3A showing an input surface 20a, which is the
upper surface, and Fig. 3B showing an output surface
20b, which is the lower surface. With this first wiring sub-
strate 20, input surface 20a is the signal input surface
for wiring substrate section 2 as a whole.
[0032] In the glass substrate that comprises first wir-
ing substrate 20, a plurality of through holes 20c are

formed between input surface 20a and output surface
20b. At each through hole 20c is disposed a conductive
member 21, which provides electrical continuity be-
tween input surface 20a and output surface 20b and
functions as a conduction path. In the present embodi-
ment, 4 3 4 = 16 through holes 20c and conductive
members 21 are provided in correspondence with the
arrangement of PD array 15. As shown in Fig. 3B, these
through holes 20c and conductive members 21 are
formed at the same pitch S1 as bump electrodes 17 on
PD array 15. Though not illustrated in particular, through
holes and conductive members are also provided for the
common electrodes of the photodiodes.
[0033] Specifically, each conductive member 21 is ar-
ranged by a conducting portion 21c, which is formed in
the interior of a through hole 20c, an input portion 21a,
which is formed on input surface 20a at an outer periph-
eral portion of through hole 20c so as to be continuous
with conducting portion 21c, and an output portion 21b,
which is formed on output surface 20b at an outer pe-
ripheral portion of through hole 20c so as to be contin-
uous with conducting portion 21 c.
[0034] As shown in Fig. 3A, in addition to input por-
tions 21a of conductive members 21, electrode pads 22
are formed on input surface 20a of first wiring substrate
20. These electrode pads 22 are provided at positions
corresponding to bump electrodes 17 on output surface
15b of PD array 15. Electrode pads 22 are also electri-
cally connected via wirings 23 to input portions 21 a of
the corresponding conductive members 21. Photodi-
odes 16, which are the parts of PD array 15 that output
the detected signals, are thus electrically connected via
bump electrodes 17 and electrode pads 22 to conduc-
tive members 21, which are the conduction paths of first
wiring substrate 20. Though not illustrated in particular,
electrode pads for the common electrodes of the pho-
todiodes are also provided.
[0035] Meanwhile, second wiring substrate 25 com-
prises a downstream side portion of the wiring substrate
used in wiring substrate section 2. Here, Fig. 4A and
Fig. 4B are plan views showing the arrangement of sec-
ond wiring substrate 25, with Fig. 4A showing an input
surface 25a, which is the upper surface, and Fig. 4B
showing an output surface 25b, which is the lower sur-
face. With this second wiring substrate 25, output sur-
face 25b is the signal output surface for wiring substrate
section 2 as a whole.
[0036] In the glass substrate that comprises second
wiring substrate 25, a plurality of through holes 25c are
formed between input surface 25a and output surface
25b. At each through hole 25c is disposed a conductive
member 26, which provides electrical continuity be-
tween input surface 25a and output surface 25b and
functions as a conduction path. In the present embodi-
ment, similar to first wiring substrate 20, 4 3 4 = 16
through holes 25c and conductive members 26 are pro-
vided in correspondence with the arrangement of PD ar-
ray 15. Though not illustrated in particular, through holes
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and conductive members are also provided for the com-
mon electrodes of the photodiodes.
[0037] Here, unlike bump electrodes 17 of PD array
15 and through holes 20c and conductive members 21
of first wiring substrate 20, through holes 25c and con-
ductive members 26 are formed at a pitch S2, which is
smaller than the pitch S1 as shown in Fig. 4B. The wiring
substrate of wiring substrate section 2, which comprises
first wiring substrate 20 and second wiring substrate 25,
is thus provided with an arrangement wherein, in the
view in the conduction direction from the signal input
surface to the signal output surface and perpendicular
to these surfaces, the positions of the through holes 20c
in first wiring substrate 20 differ from the positions of the
through holes 25c in second wiring substrate 25. As
shown in Fig. 2, the conduction direction in the wiring
substrate is substantially matched to the alignment di-
rection of the respective components of the radiation de-
tector.
[0038] Specifically, each conductive member 26 is ar-
ranged by a conducting portion 26c, which is formed in
the interior of a through hole 25c, an input portion 26a,
which is formed on input surface 25a at an outer periph-
eral portion of through hole 25c so as to be continuous
with conducting portion 26c, and an output portion 26b,
which is formed on output surface 25b at an outer pe-
ripheral portion of through hole 25c so as to be contin-
uous with conducting portion 26c.
[0039] As shown in Fig. 4A, in addition to input por-
tions 26a of conductive members 26, bump electrodes
27 are formed on input surface 25a of second wiring
substrate 25. These bump electrodes 27 are provided
at positions corresponding to output portions 21 b on
output surface 20b of first wiring substrate 20. Bump
electrodes 27 are also electrically connected via wirings
28 to input portions 26a of the corresponding conductive
members 26. Conductive members 21, which are the
conduction paths that transmit the detected signals at
first wiring substrate 20, are thus electrically connected
via output portions 21b and bump electrodes 27 to con-
ductive members 26, which are the conduction paths of
second wiring substrate 25. Though not illustrated in
particular, bump electrodes for the common electrodes
of the photodiodes are also provided.
[0040] On output surface 25b of second wiring sub-
strate 25, electrode pads 29 are formed in addition to
output portions 26b of conductive members 26 as
shown in Fig. 4B. These electrode pads 29 are used for
connection with a housing 40 to be described later.
Though not illustrated in particular, electrode pads for
the common electrodes of the photodiodes are also pro-
vided.
[0041] Signal processing section 3 and housing
(package) 40 are disposed at the downstream side of
wiring substrate section 2. In the present embodiment,
signal processing section 3 comprises a signal process-
ing element 30, which is provided with a signal process-
ing circuit for processing detected signals from PD array

15 of radiation detecting section 1.
[0042] Bump electrodes 31 are formed on the upper
surface of signal processing element 30. These bump
electrodes 31 are disposed at positions corresponding
to output portions 26b on output surface 25b of second
wiring substrate 25. Conductive members 26, which are
the conduction paths of second wiring substrate 25 that
transmit the detected signals, are thereby electrically
connected via output portions 26b and bump electrodes
31 to the signal processing circuit provided in signal
processing element 30.
[0043] Housing 40 is a holding member that integrally
holds radiation detecting section 1, wiring substrate sec-
tion 2, and signal processing section 3. Housing 40 has
an element housing part 41, which is provided as a re-
cessed part on the upper surface of the housing and
houses signal processing element 30 in the interior
thereof, and a supporting part 42, which is disposed at
the outer periphery of element housing part 41, is con-
nected via bump electrodes 44 to electrode pads 29 of
second wiring substrate 25, and supports radiation de-
tecting section 1, wiring substrate section 2, and signal
processing section 3. Leads 43, used for input and out-
put of electrical signals with respect to the exterior, are
provided on the lower surface of housing 40.
[0044] With the above-described arrangement, when
an X-ray or other radiation is made incident on scintilla-
tor 10 of radiation detecting section 1, scintillation light
is generated in scintillator 10 by the radiation and is
made incident, via optical adhesive agent 11, onto pho-
todiodes 16 of PD array 15. Photodiodes 16 detect the
scintillation light and output detected signals, which are
electrical signals corresponding to the detection of the
radiation.
[0045] The detected signals output from the respec-
tive photodiodes 16 of PD array 15 are input, succes-
sively via the corresponding bump electrodes 17, con-
ductive members 21 of first wiring substrate 20, conduc-
tive members 26 of second wiring substrate 25, and
bump electrodes 31, into signal processing element 30.
The necessary signal processing is then carried out on
the detected signals at the signal processing circuit of
signal processing element 30.
[0046] The effects of this embodiment's wiring sub-
strate and radiation detector shall now be described.
[0047] With the wiring substrate used in wiring sub-
strate section 2 of the radiation detector illustrated in
Fig. 1 to Fig. 4A and Fig. 4B, the wiring substrate that
is used for electrical connection of the radiation detect-
ing section and the signal processing section, etc., in
the radiation detector is arranged by two wiring sub-
strates 20 and 25, each having a predetermined glass
substrate. In regard to the through holes of the conduc-
tion paths that are respectively provided at first and sec-
ond wiring substrates 20 and 25, through holes 20c and
25c and conductive members 21 and 26 of the respec-
tive wiring substrates 20 and 25 are formed so that the
through holes differ with respect to each other in posi-
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tion.
[0048] With such an arrangement, when viewed in the
conduction direction of the detected signals in the wiring
substrate, lead glass or other glass material having a
radiation shielding function will exist at portions of wiring
substrates 20 and 25 at which there are no through
holes. Radiation, which has been transmitted through
scintillator 10, etc., is thus restrained from being trans-
mitted through the wiring substrate. Also, even at por-
tions at which there are through holes at one of either
of wiring substrates 20 and 25, since first wiring sub-
strate 20 and second wiring substrate 25 differ with re-
spect to each other in the positions of the through holes,
there will be no through holes at the other of the wiring
substrates.
[0049] That is, when viewed in the conduction direc-
tion of the detected signals, a glass material with radia-
tion shielding function will exist at least at one of the two
wiring substrates 20 and 25 at all positions of wiring sub-
strate section 2. A wiring substrate, with which the trans-
mission of radiation is restrained as a whole in the con-
duction direction, is thus realized.
[0050] With the radiation detector using the above-de-
scribed wiring substrate in wiring substrate section 2,
which electrically connects radiation detecting section 1
and signal processing section 3 and transmits the de-
tected signals that are electrical signals, at all positions
of wiring substrate section 2, a glass material having a
radiation shielding function exists at least at one of ei-
ther of the two wiring substrates 20 and 25 when viewed
in the alignment direction of the respective components
of the radiation detector, in the other words, the direction
of incidence of radiation onto the radiation detector that
substantially matches the conduction direction of the de-
tected signals. A radiation detector, with which the radi-
ation is prevented from becoming incident on the signal
processing element and the degradation of reliability
and life due to radiation damage can be restrained def-
initely, is thus realized.
[0051] As the glass material used in the glass sub-
strates of wiring substrates 20 and 25 of wiring substrate
section 2, a glass material containing lead is preferably
used as mentioned above. By using lead glass, the
transmission of radiation through wiring substrate sec-
tion 2 can be restrained effectively. The amount of lead
to be contained in the glass material is preferably set as
suited in accordance with the degree of radiation shield-
ing function, etc., that is required in the radiation detec-
tor. Also, a glass material besides lead glass may be
used.
[0052] The wiring substrates of the wiring substrate
section shown in Fig. 1 and the glass substrates used
therein shall now be described.
[0053] As described above, in each of wiring sub-
strates 20 and 25, a glass substrate, provided with a
through hole for forming a conductive member that is to
serve as a conduction path, is used between the input
surface at the radiation detecting section 1 side and the

output surface at the signal processing section 3 side.
As such a glass substrate, for example, a glass sub-
strate, wherein a plurality of through holes are provided
by fusing together and integrally forming a plurality of
hollow glass members that are open at both ends, may
be used.
[0054] Fig. 5A to Fig. 5C are drawings showing an ex-
ample of the above-mentioned glass substrate provided
with a plurality of through holes. Here, a general ar-
rangement example of a glass substrate with a plurality
of through holes is shown. The glass substrate shown
in Fig. 5A to Fig. 5C thus differs in shape and arrange-
ment from the wiring substrates used in the radiation de-
tector shown in Fig. 1.
[0055] Fig. 5A is a plan view showing the arrangement
of the glass substrate, Fig. 5B is a plan view showing
the arrangement of a multi-channel member included in
the glass substrate, and Fig. 5C is a perspective view
showing the arrangement of a glass member included
in the multi-channel member. In these Fig. 5A to Fig. 5C,
the glass substrate is shown in a state wherein the con-
ductive members, which serve as the conduction paths
in a wiring substrate, are not formed.
[0056] As shown in Fig. 5A, glass substrate 9 has a
capillary substrate 90. Capillary substrate 90 includes a
plurality of multi-channel members 92, each having a
plurality of through holes 93. Multi-channel members 92
are fused to each other and formed integrally while be-
ing positioned two-dimensionally at the inner side of a
peripheral member 91 that is formed of a glass material.
[0057] As shown in Fig. 5B and Fig. 5C, each multi-
channel member 92 is formed by mutually fusing and
integrally forming a plurality of hollow glass members
95, which are open at both ends, and has a rectangular
shape (for example, of a size of approximately 1000µm
3 1000µm) as viewed in the direction perpendicular to
the upper surface and the lower surface of capillary sub-
strate 90. Each of the openings of each through hole 93
exhibits a circular shape. The inner diameter of through
hole 93 is, for example, approximately 6 µm.
[0058] As peripheral member 91 and a glass member
95, which comprise capillary substrate 90, a glass ma-
terial with radiation shielding function, such as a lead
glass material, is used, as it was mentioned above in
regard to the radiation detector.
[0059] As each of wiring substrates 20 and 25 of the
radiation detector shown in Fig. 1, a substrate, wherein
conductive members, which are to serve as conduction
paths, are formed in the through holes of a glass sub-
strate having the arrangement shown in Fig. 5A to Fig.
5C, may be used. That is, with a glass substrate with
such an arrangement, the shape of the substrate and
the number, positions, etc., of the through holes are set
according to the arrangement of the radiation detector.
Then by forming conductive members, which are to
serve as conduction paths, in the through holes provid-
ed in the glass substrate and then forming electrical wir-
ing patterns, each comprised with the required elec-
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trodes and wirings, on the respective surfaces, the wir-
ing substrates with arrangements such as those shown
in Fig. 3A, Fig. 3B, Fig. 4A, and Fig. 4B are obtained.
[0060] Fig. 6A and Fig. 6B are drawings showing an
example of the arrangement of a conductive member
provided in a through hole of a wiring substrate, with Fig.
6A being a top view and Fig. 6B being a section taken
on arrows I-I. Here, the arrangement of a conductive
member 21, which is a conduction path, is illustrated us-
ing first wiring substrate 20 (see Fig. 3A and Fig. 3B) as
an example.
[0061] A plurality (for example, 4 3 4 = 16) of through
holes 20c are formed and arrayed two-dimensionally in
first wiring substrate 20. As shown in Fig. 6B, each
through hole 20c is formed to have a circular cross-sec-
tional shape with an axis perpendicular to input surface
20a and output surface 20b of wiring substrate 20 as its
central axis.
[0062] With the arrangement example shown in Fig.
6A and Fig. 6B, conductive member 21, which provides
electrical continuity between input surface 20a and out-
put surface 20b, is provided as a member that is formed
on the inner wall of a through hole 20c. That is, a con-
ducting portion 21c is formed on the inner wall of through
hole 20c. Also at an outer peripheral portion of through
hole 20c on input surface 20a is formed an input portion
21a, which is continuous with conducting portion 21c.
At an outer peripheral portion of through hole 20c on
output surface 20b is formed an output portion 21b,
which is continuous with conducting portion 21c. Con-
ductive member 21, which is to serve as a conduction
path of first wiring substrate 20, is thus arranged by con-
ducting portion 21c, input portion 21a, and output por-
tion 21b.
[0063] Fig. 7A and Fig. 7B are drawings showing an-
other example of the arrangement of a conductive mem-
ber provided in a through hole of a wiring substrate, with
Fig. 7A being a top view and Fig. 7B being a section
taken on arrows II-II. Here, as with Fig. 6A and Fig. 6B,
the arrangement of a conductive member 21, which is
a conduction path, is illustrated using first wiring sub-
strate 20 as an example.
[0064] A plurality of through holes 20c are formed and
arrayed two-dimensionally in first wiring substrate 20.
As shown in Fig. 7B, each through hole 20c is formed
to have a circular cross-sectional shape with an axis per-
pendicular to input surface 20a and output surface 20b
of wiring substrate 20 as its central axis.
[0065] With the arrangement example shown in Fig.
7A and Fig. 7B, conductive member 21, which provides
electrical continuity between input surface 20a and out-
put surface 20b, is provided as a member that fills the
interior of a through hole 20c. That is, the interior of
through hole 20c is filled with a conducting portion 21c.
Also at an outer peripheral portion of through hole 20c
on input surface 20a is formed an input portion 21a,
which is continuous with conducting portion 21c. At an
outer peripheral portion of through hole 20c on output

surface 20b is formed an output portion 21b, which is
continuous with conducting portion 21c. Conductive
member 21, which is to serve as a conduction path of
first wiring substrate 20, is thus arranged by conducting
portion 21c, input portion 21a, and output portion 21b.
[0066] As the conductive members to be formed as
conduction paths in a glass substrate having a plurality
of through holes, for example, the arrangements shown
in Fig. 6A, Fig. 6B, Fig. 7A, and Fig. 7B may be used.
The positions of the conduction paths in the glass sub-
strate that is to serve as a wiring substrate is preferably
set in accordance with the arrangement of the radiation
detector. As such an arrangement, there is the arrange-
ment wherein conductive members are formed upon se-
lecting, from among the plurality of through holes, the
through holes at the positions at which conduction paths
are required by means of a mask, etc. Also, an arrange-
ment, wherein through holes are provided selectively
just at the positions at which conduction paths are re-
quired, may be used instead.
[0067] The glass substrate used in a wiring substrate
is not limited to the arrangement illustrated in Fig. 5A to
Fig. 5C and other arrangements may be used instead.
With the example of Fig. 5A to Fig. 5C, a plurality of glass
members, each having a through hole, are formed inte-
grally to form a multi-channel member, and a plurality of
multi-channel members are formed integrally to form a
capillary substrate. A capillary substrate may be formed
integrally from a plurality of the glass members instead.
Also in regard to the shape and alignment of each glass
member and multi-channel member, the existence or
non-existence, alignment, etc., of the through holes in
the respective members, etc., an arrangement that is
favorable in accordance with the positions of the con-
duction paths is preferably used. In regard to the ar-
rangement of the through holes, the cross-sectional
shape thereof may be a rectangular shape or other po-
lygonal shape besides a circular shape.
[0068] A method of manufacturing the wiring sub-
strate and radiation detector shown in Fig. 1 shall now
be described in outline along with specific arrangement
examples thereof.
[0069] First, glass substrates, each formed of lead
glass or other glass material with a radiation shielding
function and having through holes formed therein at pre-
determined positions, are prepared. Conductive mem-
bers, which are to serve as conduction paths, are then
formed in the through holes, and electrical wiring pat-
terns, having the required electrodes and wirings, are
then formed at the respective surfaces that are to be-
come the input surfaces and the output surfaces to pre-
pare wiring substrates 20 and 25, which are to form the
layered wiring substrate to be used in wiring substrate
section 2.
[0070] Specifically, in regard to the first wiring sub-
strate at the signal input surface side, first wiring sub-
strate 20 is prepared by forming conductive members
21, each comprising conducting portion 21 c, input por-
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tion 21 a, and output portion 21b, at through holes 20c
that are provided in a glass substrate and forming elec-
trode pads 22 and wirings 23 on input surface 20a. In
regard to the second wiring substrate at the signal out-
put surface side, second wiring substrate 25 is prepared
by forming conductive members 26, each comprising
conducting portion 26c, input portion 26a, and output
portion 26b, at through holes 25c that are provided in a
glass substrate and forming wirings 28 on input surface
25a and electrode pads 29 on output surface 25b.
[0071] The above-mentioned conductive members
and electrical wiring patterns to be formed on the glass
substrates may be formed of conductive metal layers
that are formed, for example, of titanium nitride (TiN),
nickel (Ni), aluminum (Al), chromium (Cr), copper (Cu),
silver (Ag), gold (Au), or an alloy of such metals. Such
a metal layer may be a single metal layer, a composite
film, or a layered film. As a specific method of forming
such a layer, a method of providing the glass substrate
with a mask of the desired pattern, forming the metal
layer by vapor deposition (physical vapor deposition
(PVD) or chemical vapor deposition (CVD)), plating,
sputtering, etc., and thereafter removing the mask may
be used.
[0072] Bump electrodes are then formed as neces-
sary on the wiring substrates on which the conductive
members and electrical wiring patterns have been
formed. With the above-described embodiment, bump
electrodes 27 are formed on electrode pads that have
been formed at the end parts of wirings 28 on input sur-
face 25a of second wiring substrate 25. First wiring sub-
strate 20 and second wiring substrate 25 are then
aligned with respect to each other and mounting via
bump electrodes 27 is performed to arrange the layered
wiring substrate that is to be wiring substrate section 2.
[0073] As the bump material for forming bump elec-
trodes 27, nickel (Ni), copper (Cu), silver (Ag), gold (Au),
solder, a resin containing a conductive filler, or a com-
posite material of such materials may for example be
used. An under-bump metal (UBM) may be interposed
between bump electrodes 27 and the electrode pads on
input surface 25a of wiring substrate 25.
[0074] When wiring substrate section 2, comprising
wiring substrates 20 and 25, has been prepared, an IC
chip of signal processing element 30, on which bump
electrodes 31 have been formed, is aligned with respect
to output portions 26b of conductive members 26 pro-
vided on output surface 25b of second wiring substrate
25, and these are connected physically and electrically.
Also, PD array 15, having bump electrodes 17 formed
thereon, is aligned with respect to electrode pads 22
provided on input surface 20a of first wiring substrate
20, and these are connected physically and electrically.
The same description as that of bump electrodes 27 ap-
plies in regard to the bump material, etc., of bump elec-
trodes 31 and 17.
[0075] Housing 40, on which bump electrodes 44
have been formed, is then aligned with respect to elec-

trode pads 29 provided on output surface 25b of second
wiring substrate 25, and these are connected physically
and electrically. By the above, input/output operations
of signals with respect to an external circuit are enabled
via leads 43 that are provided at housing 40. By then
mounting scintillator 10 via optical adhesive agent 11
onto light-incident surface 15a of PD array 15, the radi-
ation detector shown in Fig. 1 is obtained.
[0076] Here, in regard to PD array 15, which is pro-
vided as the semiconductor photodetecting element ar-
ray in radiation detecting section 1, a PD array of a front
surface incidence type, with which the photodiodes are
formed on light-incident surface (front surface) 15a, may
be used, or a PD array of a back surface incidence type,
with which the photodiodes are formed on signal output
surface (back surface) 15b may be used. The number,
alignment, etc., of the photodiodes that are the photo-
detecting elements can be set as suited.
[0077] Also, as the arrangement for outputting the de-
tected signals from the photodiodes from output surface
15b, an arrangement of wiring patterns formed on output
surface 15b or an arrangement of through electrodes
formed in PD array 15, etc. may be employed, in accord-
ance with the specific arrangement of the PD array.
[0078] With the radiation detector shown in Fig. 1, an
arrangement, having scintillator 10, which generates
scintillation light upon incidence of radiation, and a PD
array 15, which is provided with photodiodes 16 that are
the semiconductor photodetecting elements that detect
the scintillation light from scintillator 10, is employed as
the arrangement of radiation detecting section 1. Such
an arrangement is an indirect detection type arrange-
ment, wherein an incident X-ray or other radiation is con-
verted to light of a predetermined wavelength (for ex-
ample, visible light) by means of scintillator 10 and then
detected by an Si-PD array or other semiconductor pho-
todetecting elements.
[0079] An arrangement, which is not provided with a
scintillator but is provided with semiconductor detecting
elements that detect the incident radiation, may be em-
ployed instead as the radiation detecting section. Such
an arrangement is a direct detection type arrangement,
wherein the incident X-ray of other radiation is detected
by semiconductor detecting elements formed of CdTe,
etc. This corresponds, for example, to an arrangement
with which scintillator 10 is removed from the arrange-
ment of Fig. 1 and PD array 15 is replaced by a semi-
conductor detecting element array.
[0080] In regard to the mounting of first wiring sub-
strate 20 and second wiring substrate 25 in wiring sub-
strate section 2, the connection of wiring substrate sec-
tion 2 with radiation detecting section 1, the connection
of wiring substrate section 2 with signal processing sec-
tion 3, etc., it is preferable to use a direct bonding meth-
od of forming electrical connections via bump electrodes
as in the above-described embodiment. By thus using
metal bump electrodes as the electrical connection
means, the respective components can be electrically
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connected favorably.
[0081] Besides such an arrangement using bump
electrodes, an arrangement, wherein filling by an under-
fill resin after making connections with the bump elec-
trodes, an arrangement employing an anisotropic con-
ductive film (ACF) method, an anisotropic conductive
paste (ACP) method, or a non-conductive paste (NCP)
method may also be used. In regard to the respective
substrates, passivation films, formed of an insulating
substance, may be formed as necessary in the state in
which the electrode pads are open.

Industrial Applicability

[0082] This invention's wiring substrate and radiation
detector using the same can be used as a wiring sub-
strate and a radiation detector, with which the transmis-
sion of radiation is restrained. That is, with an arrange-
ment wherein a wiring substrate, used for electrical con-
nection between a radiation detecting means and a sig-
nal processing means in a radiation detector, etc., is ar-
ranged by first and second wiring substrates that are re-
spectively formed of a predetermined glass material
having a radiation shielding function and wherein for the
conduction paths respectively provided in the first and
second wiring substrates, the through holes of the con-
duction paths are differed with respect to each other in
position, the transmission of radiation from the signal
input surface to the signal output surface is restrained
by the glass material at portions of the wiring substrates
without any through holes.
[0083] Also with this arrangement, even at portions
where there are through holes at one of the wiring sub-
strates, there are no through holes at the other wiring
substrate. That is, at all positions of the wiring sub-
strates, the glass material with radiation shielding func-
tion exists at least at one of the first and second wiring
substrates. A wiring substrate, with which the transmis-
sion of radiation is restrained as a whole, is thus real-
ized.
[0084] Also with a radiation detector, wherein the wir-
ing substrate of such arrangement is applied to a wiring
substrate section, the glass material with the radiation
shielding function exists at least at one of the two wiring
substrates at all positions of the wiring substrate section.
A radiation detector, with which radiation is prevented
from becoming incident on a signal processing element
and degradation of reliability and life due to radiation
damage is thereby restrained, is thus realized.

Claims

1. A wiring substrate, having a conduction path that
guide an electrical signal between a signal input
surface and a signal output surface,

the wiring substrate comprising at least a first
wiring substrate, disposed at the signal input sur-

face side, and a second wiring substrate, connected
to the first wiring substrate at the signal output sur-
face side, each wiring substrate respectively com-
prising a glass substrate, formed of a predeter-
mined glass material having a radiation shielding
function and provided with a through hole, and a
conductive member, disposed in the through hole
and functioning as the conduction path by providing
electrical continuity between the input surface and
the output surface, and

wherein in the view in the conduction direction
from the signal input surface to the signal output
surface, the position of the through hole in the first
wiring substrate differs from the position of the
through hole in the second wiring substrate.

2. The wiring substrate according to Claim 1, wherein
each of the first wiring substrate and the second wir-
ing substrate is formed of the glass material that
contains lead.

3. The wiring substrate according to Claim 1 or 2,
wherein the conductive member of each of the first
wiring substrate and second wiring substrate is
formed and disposed on the inner wall of the
through hole that is provided in the glass substrate.

4. The wiring substrate according to Claim 1 or 2,
wherein the conductive member of each of the first
wiring substrate and second wiring substrate is dis-
posed by filling the interior of the through hole that
is provided in the glass substrate.

5. The wiring substrate according to any of Claims 1
through 4, wherein the glass substrate of each of
the first wiring substrate and second wiring sub-
strate is a glass substrate, wherein a plurality of the
through holes are provided by fusing together and
integrally forming a plurality of hollow glass mem-
bers that are open at both ends.

6. A radiation detector comprising:

a radiation detecting means, outputting a de-
tected signal upon detecting radiation made in-
cident thereon;
a signal processing means, processing the de-
tected signal from the radiation detecting
means; and
a wiring substrate section, having the wiring
substrate according to any of Claims 1 through
5 that is provided with the conduction path that
guide the detected signal between the signal
input surface and the signal output surface, the
radiation detecting means and the signal
processing means being connected to the sig-
nal input surface and the signal output surface,
respectively; and
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whrein the radiation detecting means, the wir-
ing substrate section, and the signal processing
means are positioned in that order along a prede-
termined alignment direction that substantially
matches the conduction direction in the wiring sub-
strate.

7. The radiation detector according to Claim 6, where-
in the radiation detecting means comprises a scin-
tillator, generating scintillation light upon incidence
of radiation; and a semiconductor photodetecting
element, detecting the scintillation light from the
scintillator.

8. The radiation detector according to Claim 6, where-
in the radiation detecting means comprises a sem-
iconductor detecting element, detecting radiation
made incident thereon.

9. The radiation detector according to any of Claims 6
through 8, wherein at least one of either the combi-
nation of the wiring substrate section and the radi-
ation detecting means or the combination of the wir-
ing substrate section and the signal processing
means is electrically connected via a bump elec-
trode.
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