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ABSTRACT

A neutron detector includes a plurality of neutron detecting
element sections, each of the neutron detecting element sections having; a superconducting element including a substrate
having at least one of surfaces thereof formed of a dielectric
material, a strip line of the superconducting material formed
on the surface and electrodes formed at opposed ends of the
strip line, resistance determining sections for determining
generation of heat resulting from a nuclear reaction between
a superconducting element in the strip line and neutrons,
through detection of change in a resistance value of said strip
line, heat dissipation setting sections provided on a back side
portion of the substrate opposite to the surface having the strip
line formed thereon, the heat dissipation setting sections setting dissipation characteristics of the heat resulting from the
nuclear reaction, and the heat dissipation characteristics
being differentiated from each other between/among the neutron detecting element sections.
11 Claims, 8 Drawing Sheets
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NEUTRON DETECTOR AND NEUTRON
IMAGING SENSOR
BACKGROUND OF THE INVENTION
1. Technical Field
The present invention relates to a neutron detector having a
plurality of neutron detecting element sections and relates
also to a neutron imaging sensor.
2. Background Art
Conventionally, there has been developed an apparatus
using a material having a high superconducting transition
temperature. As such material having a high superconducting
transition temperature, there is known MgB 2 having a superconducting transition temperature of 39K. And, there is
known an apparatus using a neutron detecting plate formed of
e.g. MgB 2 obtained by enrichment of 1°B having a large
energy gap containing 1°B as a constituent thereof, so that
phonons generated by a rays generated in association with
impingement of neutrons on this detecting plate are detected
(see Patent Document 1 for example)
Further, there has been also proposed a neutron imaging
sensor capable of two-dimensional detection of neutrons with
using a scintillator plate. Such neutron imaging sensor is
capable of two-dimensional detection of neutrons as the sensor is provided with the scintillator plate which scintillates
upon impingement of neutrons thereto and a wavelength shift
fiber arranged two-dimensionally relative to the scintillator
plate (see e.g. Patent Document 2).
Patent Document 1: Japanese Patent Application "Kokai" No.
2003 -14861
Patent Document 2: Japanese Patent Application "Kokai" No.
2002 -71816
SUMMARY OF THE INVENTION
The conventional neutron detector is a general-purpose
apparatus designed for simple detection of neutrons. Therefore, the apparatus is not designed to cope with various applications such as an application which requires higher time
resolution even at the cost of detection sensitivity, an application which requires higher detection sensitivity at the cost
of time resolution, etc.
An exemplary application of the neutron detector relating
to the present invention is its use in analysis of structure of a
substance by utilizing neutron diffraction. In the case of this
application, if a long-time observation is to be conducted with
use of a low intensity neutron source, this will require a
neutron detector having a higher detection sensitivity,
although its time resolution may be low. Conversely, if a
short-time observation is to be conducted with use of a high
intensity neutron source, this will require a neutron detector
having a higher time resolution, although its detection sensitivity may be low.
As described above, the conventional neutron detectors are
not suited for some particular or specialized requirement such
as high sensitivity, high time resolution for neutron detection,
etc. And, it is also unknown what constructions can realize
high sensitivity, high time resolution for neutron detection
easily. Further, as another problem, although it is sometimes
required to effect the neutron detection in a two-dimensional
manner, the convention has been unable to effect such twodimensional neutron detection with good sensitivity and time
resolution.
The present invention has been made in view of the abovedescribed problem and its object is to provide a neutron

2
detector and a neutron imaging sensor which allow setting of
sensitivity and time resolution through simple modification in
the apparatus construction.
For accomplishing the above-noted object, according to
5 characterizing features of a neutron detector relating to the
present invention, the detector comprises:
a plurality of neutron detecting element sections, each said
neutron detecting element section having;
a superconducting element including a substrate having at
10
least one of surfaces thereof formed of a dielectric material, a strip line of the superconducting material formed
on said surface and electrodes formed at opposed ends of
said strip line,
resistance determining sections adapted for determining
15
generation of heat resulting from a nuclear reaction
between a superconducting element in the strip line and
neutrons, through detection of change in a resistance
value of said strip line,
a heat dissipation setting section provided on a back side
20
portion of said substrate opposite to said surface having
said strip line formed thereon, said heat dissipation setting section adapted for setting dissipation characteristics of said heat resulting from the nuclear reaction, and
the heat dissipation characteristics being differentiated
25 from each other between/among the neutron detecting element sections.
According to the above-described characterizing construction, the heat dissipation setting means sets the dissipation of
the heat resulting from the nuclear reaction between the
30 superconducting element in the strip line and neutrons. Then,
with such setting of heat dissipation by the heat dissipation
setting means, for a same amount of heat resulting from the
nuclear reaction, the amount and residence time of the heat
staying in the vicinity of the strip line are differentiated from
35 each other. And, by enhancing the heat dissipation characteristics, the amount of heat staying in the vicinity of the strip
line is reduced, whereas, the residence time thereof is shortened. As a result, the time resolution of the nuclear reaction
between the superconducting element in the strip line and the
4o neutron can be improved. Conversely, by degrading the heat
dissipation characteristics, the residence time of the heat staying in the vicinity of the strip line is increased, whereas the
amount thereof is increased. As a result, the detection sensitivity of the nuclear reaction between the superconducting
45 element in the strip line and the neutron can be enhanced.
Moreover, since the heat dissipation characteristics for the
heat resulting from the nuclear reaction are differentiated
from each other between/among the neutron detecting element sections, it is possible to obtain a neutron detector
so having both a superconducting element having superior time
resolution due to enhanced heat dissipation characteristics
and a superconducting element having superior detection
sensitivity due to degraded heat dissipation characteristics.
In the above-described construction, preferably, said plus rality of neutron detecting element sections are provided on a
same single substrate.
With this construction, by using e.g. a silicon substrate as
said substrate, it becomes possible, with a semiconductor
manufacturing process, to obtain a neutron detector having a
6o number of neutron detecting element sections in a high density on the same single substrate.
Further, the detector can include three or more of said
neutron detecting element sections, with the heat dissipation
characteristics being differentiated among them in three or
65 more levels.
With this construction, the neutron detection can be made
with three or more different levels of time resolution and
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detection sensitivity. Therefore, even when the amount and/or
intensity of the neutrons to be detected vary, the neutron
detection can be effected appropriately with the single apparatus.

array, neutrons can be detected with high detection sensitivity
and high time resolution over a large two-dimensional area.

Still preferably, variable setting of thickness of the back
side portion of said substrate constitutes said heat dissipation
setting means.
With the above construction, when the neutron detecting
element sections are produced by the semiconductor manufacturing process for instance, the heat dissipation setting
means can be formed relatively easily through setting of
etching depth for the back side portion of the substrate.
Still preferably, the thicknesses of the back side portions of
said substrate are differentiated from each other between/
among the neutron detecting element sections.
Further preferably, said resistance determining means is
configured to determine the resistance value of each individual one of the plurality of neutron detecting element sections.
Preferably, some of the plurality of neutron detecting element sections are resolution priority type neutron detecting
element sections having enhanced time resolution obtained
by improving the heat dissipation characteristics by the heat
dissipation setting means, relative to those of the other neutron detecting element sections.
Alternatively, some of the plurality of neutron detecting
element sections can be sensitivity priority type neutron
detecting element sections having enhanced sensitivity by
degrading the heat dissipation characteristics by the heat dissipation setting means, relative to those of the other neutron
detecting element sections.
With these constructions, it is possible to obtain a neutron
detector including both superconducting elements having the
superior time resolution and superconducting elements having the superior detection sensitivity. Therefore, even when
the amount and/or intensity of the neutrons to be detected
vary, the neutrons can be appropriately detected by the single
apparatus.
Preferably, said superconducting material contains MgB 2
so that 1°B present in said strip line provides the nuclear
reaction with the neutrons.
With this construction, since the superconducting material
constituting the strip line contains MgB 2 which exhibits a
superconducting transition temperature at a high temperature, there is obtained an advantage of not needing to enlarge
a cooling unit for cooling the strip line.
Still preferably, said strip line is formed as a meandering
strip line.
With this construction, as the strip line is formed as a
meandering strip line, narrow strip lines will be formed and
laid out like a plane. As a result, it is possible to increase the
chance of the nuclear reaction between the superconducting
material constituting the strip line and the neutron.
For accomplishing the aforementioned object, according
to the characterizing features of a neutron imaging sensor
relating also to the present invention, said sensor comprises a
plurality of said neutron detecting element sections having
the above-described construction arranged in the form of an
array.
With this construction, since the neutron detecting element
sections are arranged two dimensionally in the form of an
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FIG. 1 is a schematic perspective view of a neutron detecting element section;
FIG. 2 is a vertical section taken along a lineA-A in FIG. 1;
FIG. 3 is a view showing relationship between temperature
and resistance value of strip line;
FIG. 4 is a view for explaining a manufacturing process of
the superconducting element;
FIG. 5 is a view for explaining a manufacturing process of
the superconducting element;
FIG. 6 is a view for explaining a manufacturing process of
the superconducting element;
FIG. 7 is a view for explaining a manufacturing process of
the superconducting element;
FIG. 8 is a view for explaining a manufacturing process of
the superconducting element;
FIG. 9 is a view for explaining a manufacturing process of
the superconducting element;
FIG. 10 is a view for explaining a manufacturing process of
the superconducting element;
FIG. 11 is a graph for explaining an exemplary operation of
the neutron detecting element section;
FIG. 12 is a graph showing relationship between thickness
of back side portion of substrate and decay time of output
signal;
FIG. 13 is a graph showing relationship between thickness
of back side portion of substrate and peak voltage of output
signal;
FIG. 14 is a vertical section of a neutron detector;
FIG. 15 is a schematic of a neutron imaging sensor; and
FIG. 16 is a view explaining arrangement of neutron
detecting element sections in the neutron imaging sensor.
DETAILED DESCRIPTION OF THE INVENTION
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A neutron detector relating to the present invention comprises a plurality of neutron detecting element sections 21.
Therefore, the construction of one neutron detecting element
section 21 will be described first.
FIG. 1 shows a schematic of the neutron detecting element
section 21 having a superconducting element 20. FIG. 2
shows a vertical section taken along line A-A in FIG. 1.
As shown in FIG. 1 and FIG. 2, the superconducting element 20 includes a substrate 10 having at least one surface
thereof formed of a dielectric material, a strip line 2 formed on
the one surface of a superconducting material containing
MgB2, and electrodes 1 formed at opposed ends of the strip
line 2. In operation, when there occurs a nuclear reaction
between 1°B present in the strip line 2 and neutrons, due to
heat generation resulting from this nuclear reaction, there
develops a change in the resistance value of the strip line 2. As
a current section 16 provides an electric current between the
electrodes 1 with the strip line 2 being cooled to a temperature
near or lower than a superconducting transition temperature:
Tc, and a voltage section 17 determines a potential difference
in the strip line 2, this change in the resistance value of the
strip line 2 is picked up by a signal processing section 18.
Alternatively, as the voltage section 17 applies a constant
voltage between the electrodes 1 with the strip line 2 being
cooled to the temperature near or lower than the superconducting transition temperature: Tc, and the current section 16
determines a current flowing in the strip line 2, the change in
the resistance value of the strip line 2 is picked up by the
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signal processing section 18. Thus, the current section 16, the
and contains 1°B as a major component thereof. And, a porvoltage section 17 and the signal processing section 18 function of this MgB 2 layer is to form the strip line 2. More
tion as "resistance determining means".
particularly, as shown in FIG. 6, the MgB 2 layer will be etched
FIG. 3 illustrates a relationship between the temperature
into a meandering form as illustrated in FIG. 1. In this, a resist
and the resistance value of MgB 2 prior to formation of the 5 formed on the MgB 2 layer will be subjected to an electron
strip line 2.
drawing and an etching by an ECR plasma, whereby the
The superconducting material constituting the strip line 2
meandering form having a line width and a line interval both
exhibits a substantially zero electric resistance at a temperabeing about 1 µm as shown in FIG. 1 will be obtained. Next,
ture lower than or equal to the superconducting transition
as shown in FIG. 7, there is formed a protective layer (SiO) 3
temperature: Tc. When the material receives effect of thermal io for protecting the MgB 2 layer. This protective layer 3 is
energy and its temperature rises by ATc to be higher than or
formed in order to prevent deterioration in the superconductequal to the superconducting transition temperature: Tc, there
ing performance of the superconducting material constituting
is developed an electric resistance: R, ,therein. And, when the
the strip line 2 due to natural oxidation thereof in atmospheric
superconducting material of the strip line 2 is cooled to be a
air at a room temperature. Thereafter, in order to produce the
temperature lower than or equal to the superconducting tran- 15 electrodes 1 shown in FIG. 1, the protective layer 3 will be
sition temperature: Tc, the electric resistance becomes subetched partially to expose the MgB 2 layer. Then, on the
stantially zero again. For instance, if heat is generated due to
exposed MgB 2 layer portion, an electrode material is deposa nuclear reaction between' °B in the strip line 2 and neutrons
ited, whereby a structure shown in FIG. 8 is obtained.
while the strip line 2 is cooled to a temperature lower than or
In the manner described above, in the superconducting
equal to the superconducting transition temperature: Tc, there 20 element 20 constituting the neutron detecting element section
will develop an electric resistance until the temperature of the
21, the front side portion structure of the substrate 10 which is
strip line 2 becomes lower than or equal to the superconductthe side for neutron detection is produced.
ing transition temperature: Tc again. Namely, by detecting the
Next, with reference to FIG. 2, FIG. 9 and FIG. 10, there
resistance value of the strip line 2, it is possible to detect
will be described the structure of the back side portion of the
whether there has occurred a nuclear reaction between 1°B in 25 substrate 10. As described hereinbefore, in the back side
the strip line 2 and neutrons or not. In other words, neutron
portion of the substrate 10 opposite to the front side portion
detection can be made by determination of the resistance
thereof formed with the strip line 2, there is provided the heat
value of the strip line 2.
dissipation setting means 5 for setting dissipation characterFurther, as shown in FIG. 2, in this superconducting eleistics for the heat due to the nuclear reaction between the
ment 20, on the back side portion of the substrate 10 opposite 30 superconducting element contained in the strip line 2 and
to the one surface thereof having the strip line 2 formed
neutrons. FIG. 9 shows a condition when a mask has been
thereon, there is provided a heat dissipation setting means 5
formed by removal of a portion of a resist layer 15 applied to
for adjusting the dissipation of heat resulting from the nuclear
the back side portion subsequent to application of the resist
reaction. As can be seen from the relationship between the
layers 15 to the front side portion and the back side portion of
temperature and the resistance value of the strip line 2 shown 35 the structure shown in FIG. 8. In this, the reason why the resist
in FIG. 3, when heat is generated due to a nuclear reaction in
layer 15 is applied also to the front side portion is to prevent
the strip line 2, this causes a rise in the temperature of the strip
damage to the protective layer 3, the electrodes 1 and the strip
line 2, thus raising its resistance value. Then, when the heat
line 2 formed on the front side portion of the substrate 10 in
due to the nuclear reaction is dissipated, there causes a drop in
the course of the subsequent etching step.
the temperature of the strip line 2, thus decreasing its resis- 40
FIG. 10 shows a structure obtained when a portion of the
tance value. That is to say, if setting is made by the heat
Si02 layer 14 on the back side portion shown in FIG. 9 has
dissipation setting means 5 for enhancing the dissipation of
been removed by the etching. This etching step can be realthe heat generated in the strip line 2, the heat of the nuclear
ized as e.g. a dry etching technique such as the reactive ion
reaction will be dissipated quickly, so that the temperature of
etching (RIE) or a wet etching technique such as one using a
the strip line 2 too will drop quickly. As a result, the time 45 BHF solution. Thereafter, as shown in FIG. 9, the Si layer 13
resolution of neutron detection is enhanced. Conversely, if
having an opened window will be removed by ani sotropic wet
setting is made by the heat dissipation setting means 5 for
etching technique using EDP (ethylenediamine pyrocatdeteriorating the dissipation of the heat generated in the strip
echol). As a result, on the back side portion of the substrate 10
line 2, this will result in localized residence of the heat of
shown in FIG. 2, there will be formed a recess by the removal
nuclear reaction, thus tending to invite rise in the temperature 50 of the Si layer 13. Inthis, the area ofthe etching removal ofthe
of the strip line 2 for an extended period of time. As a result,
Si layer 13 corresponds to the area of the strip line 2 formed
the sensitivity of the neutron detection is improved.
in the meandering form on the front side portion of the subNext, with reference to FIGS. 4 through 10, there will be
strate 10.
described a process of manufacturing the superconducting
In the manner described above, the superconducting eleelement 20 illustrated in FIG. 1 and FIG. 2.
55 ment 20 shown in FIGS. 1 and 2 for example can be formed.
FIG. 4 shows a structure which is to constitute the substrate
Next, there will be described the characteristics of the
10 of the superconducting element 20. In this substrate 10,
neutron detecting element section 21 having the superconopposed sides of an Si layer 13 (400 µm in thickness) are
ducting element 20 described above.
sandwiched between a pair of Si0 2 layers 12, 14 (300 nm in
As shown in FIG. 1, between the electrodes 1, there are
thickness) and on the top of this assembly, there is formed an 60 connected the current section 16 which can be used as a
SiN layer 11 (1 µm in thickness). Therefore, the laminated
current source capable of supplying an electric current to the
structure of the Si0 2 layer 12 and the SiN layer 11 functions
strip line 2 or an amperemeter capable of determining an
as a "membrane layer" for allowing downward conduction of
electric current flowing therethrough and the voltage section
heat of the strip line 2 for its dissipation.
17 which can be used as a voltage source capable of applying
Next, as shown in FIG. 5, on the SiN layer 11, there is 65 a voltage to the strip line 2 or a voltmeter capable of deterformed an MgB 2 layer (170 nm in thickness) as a superconmining a potential difference being developed. There is also
ducting material. This MgB 2 layer is formed by sputtering
provided a resistance determining means capable of deriving
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a resistance value of the strip line 2 from the current value and
relationship between the thickness of the back side portion of
the potential difference obtained by the current section 16 and
the substrate 10 and the peak voltage of the output signal. As
the voltage section 17. Therefore, the resistance determining
shown in these graphs, the greater the thickness of the back
means can be realized with using the current section 16, the
side portion of the substrate 10, the shorter the decay time of
voltage section 17 and the signal processing section 18.
5 the output signal, hence, the characteristics of superior time
In the inventive neutron detector to be detailed later, the
resolution is provided. On the other hand, the smaller the
thickness of the back side portion of the substrate 10 of the
thickness of the back side portion of the substrate 10, the
neutron detecting element section 21, that is, in the present
greater the peak voltage of the output signal, hence, the charembodiment, the thickness of the SiN layer 11, the Si0 2 layer
acteristics of superior detection sensitivity is provided. Inci12 and the Si layer 13 set by etching the Si layer 13 (the io dentally, in these graphs, two black dots represent actually
thickness of this Si layer 13 can be zero if desired) can be
determined values, whereas the broken lines represent estivariably set by adjusting the etching depth. And, by varying
mated values of these relationships.
the thickness of the Si layer 13, the dissipation characteristics
The neutron detector shown in FIG. 14 includes two neufor the heat resulting from the nuclear reaction of the strip line
tron detecting element sections 21a, 21b identical to the one
2 can be varied as desired. In the present embodiment, the 15 described above, disposed on a single substrate 10. And,
variable setting of the thickness (tl and t2 in FIG. 14) of the
between these neutron detecting element sections 21a, 21b,
back side portion of the substrate 10 comprises the heat disthe thicknesses of the back side portions of the substrate 10
sipation setting means 5. By increasing the thickness of the
are differentiated from each other, thus providing different
back side portion of the substrate 10, the heat dissipation
heat dissipation characteristics for the heat generated by the
characteristics can be enhanced or improved. Conversely, by 20 nuclear reaction in the strip line 2. More particularly, in FIG.
decreasing the thickness of the back side portion of the sub14, the thickness tl of the back side portion of the substrate 10
strate 10, the heat dissipation characteristics can be reduced
of the right-side neutron detecting element section 21a is set
or deteriorated. That is to say, when the thickness of the back
greater than the thickness t2 of the back side portion of the
side portion of the substrate 10 is increased, this results in
substrate 10 of the left-side neutron detecting element section
increase in the amount of heat conducted by this back side 25 21b (tl>t2). With this, the right-side neutron detecting eleportion away from the vicinity of the strip line. As a result,
ment section 21a is constructed as a "resolution-priority
while, of the heat generated due to the nuclear reaction, the
type" neutron detecting element section 21 with enhanced
portion thereof staying adjacent the strip line is decreased, the
time resolution by setting of the heat dissipation characterisresidence time of the heat is reduced so that the heat dissipatics by the heat dissipation setting means 5 superior to that of
tion characteristics can be improved. As a result, the time 30 the left-side neutron detecting element section 21b. That is,
resolution for the nuclear reaction between the superconductthe heat dissipation setting means 5 of this right-side neutron
ing element in the strip line and neutrons can be enhanced. On
detecting element section 21a functions as a time resolution
the other hand, when the thickness of the back side portion of
setting section 7 for setting the time resolution through setting
the substrate 10 is decreased, this results in decrease in the
of the thickness tl of the back side of the substrate 10. On the
amount of heat conducted by this back side portion away from 35 other hand, the thickness t2 of the back side portion of the
the vicinity of the strip line. As a result, while, of the heat
substrate 10 of the left-side neutron detecting element section
generated due to the nuclear reaction, the residence time of
21b is set smaller than the thickness tl of the back side portion
the heat portion staying adjacent the strip line is increased, so
of the substrate 10 of the right-side neutron detecting element
that the heat dissipation characteristics is deteriorated, the
section 21a. With this, the left-side neutron detecting element
amount of the heat staying there can be increased. As a result, 40 section 21b is constructed as a "sensitivity-priority type"
the detection sensitivity for the nuclear reaction between the
neutron detecting element section 21 with enhanced sensitivsuperconducting element in the strip line and neutrons can be
ity by setting of the heat dissipation characteristics by the heat
enhanced.
dissipation setting means 5 inferior to that of the right-side
FIG. 11 shows a graph for explaining an exemplary operaneutron detecting element section 21a. That is, the heat distion of the neutron detecting element section 21. Specifically, 45 sipation setting means 5 of this left-side neutron detecting
this shows result of determination of voltage (potential difelement section 21b functions as a sensitivity setting section
ference) by the voltage section 17 while the current section 16
8 for setting the detection sensitivity through setting of the
was supplying a constant electric current. Characteristics A is
thickness t2 of theback side of the substrate 10. Except for the
the result when the dissipation characteristics by the heat
thicknesses tl, t2 of the back side portions of the substrate 10,
dissipation setting means 5 was improved, whereas Charac- 50 these two neutron detecting element sections 21a, 21b are
teristics B is the result when the dissipation characteristics by
identical in the construction to each other.
the heat dissipation setting means 5 was deteriorated. More
Provided with the construction shown in FIG. 14, this
particularly, regarding the thickness of the back side portion
neutron detector can effect both a mode of neutron detection
of the substrate 10 corresponding to the portion denoted with
with superior time resolution by the resolution-priority type
tl or t2 in FIG. 14, Characteristics A is the result when this 55 neutron detecting element section 21a and a further mode of
thickness was set as 380 [µm] and Characteristics B is the
neutron detection with superior detection sensitivity by the
result when this thickness was set as 100 [µm], respectively.
sensitivity-priority type neutron detecting element section
As seen from FIG. 11, in Characteristics A, the absolute value
21b.
of the voltage detected is small, the period of voltage detecFIG. 15 shows a schematic of a neutron imaging sensor 30
tion is shorter. Hence, it may be said that the time resolution 60 including a plurality of the above-described neutron detecting
is improved. On the other hand, in Characteristics B, the
element sections 21 arranged two-dimensionally in arrays.
period of voltage detection is extended, but the absolute value
This neutron imaging sensor 30 includes the plurality of
of the voltage detected is greater. Hence, it may be said that
neutron detecting element sections 21 each adapted for outthe detection sensitivity is improved.
putting a current signal or a voltage signal generated in assoFIG. 12 is a graph illustrating relationship between the 65 ciation with a change in resistance due to variation of the heat
thickness of the back side portion of the substrate 10 and the
dissipation characteristics for the heat generated as the result
decay time of output signal. FIG. 13 is a graph illustrating
of nuclear reaction in the strip line 2, vertical transmission
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CCD 22 and horizontal transmission CCD 23 for transmitting
between 1°B therein and neutrons. The combination for prothese signals. As shown in FIG. 14, the heat dissipation charviding the reaction is not limited thereto, but can be a different
acteristics are differentiated from each other among the pluone.
rality of neutron detecting element sections 21. The construcMoreover, the thicknesses of the respective layers together
tion of each neutron detecting element section 21 is identical 5 constituting the substrate 10 disposed under the strip line 2
to that shown in FIG. 1. Therefore, the current section 16, the
and the number of the layers, etc. can vary as desired. Further,
voltage section 17 and the signal processing section 18 are
in the foregoing embodiment, the strip line 2 has the meanprovided in each one of the plurality of neutron detecting
dering form as shown in FIG. 1. The from of the strip line can
element sections 21 for determining a resistance value
be modified, such as a straight line or any other form.
thereof. And, the signal processing section 18 detects the 10
<2>
current signal or the voltage signal with using a noise filter, an
In the foregoing embodiment, as shown in FIG. 2 and FIG.
amplifier, etc. Upon detection of the current signal or voltage
14, the heat dissipation setting means is realized by various
signal, the signal processing section 18 outputs a constant
setting of the depth of the recess formed by etching of the Si
current for a predetermined period, regardless of the intensity
15 layer 13. The heat dissipation setting means can be realized by
of thi s signal. With this, electric charge will be accumulated in
any other construction. For instance, the heat dissipation
the vertical transmission CCD 22. Alternatively, the signal
characteristics for the heat generated due to the nuclear reacprocessing section 18 detects the current signal or voltage
tion in the strip line 2 can be set or adjusted by depositing a
signal via a noise filter and then amplifies this signal to a
material of good or poor heat conductivity in the recess
predetermined signal intensity, regardless of its present inten20 formed by etching.
sity and outputs a predetermined current for a predetermined
period. With this, electric charge will be accumulated in the
<3>
vertical transmission CCD 22. In either case, the charge accuIn the foregoing embodiment, the membrane layer for
mulated in the vertical transmission CCD 22 will be transallowing downward conduction of the heat of the strip line 2
mitted to the horizontal transmission CCD 23 and outputted
for its dissipation is comprised of the laminated assembly of
eventually as data representing a two-dimensional image. As 25 the Si02 layer 12 and the SiN layer 11. However, the cona result, two-dimensional neutron detection is made possible.
struction of the membrane layer is not limited thereto. For
Incidentally, it is preferred that the plurality of neutron detectexample, a single-layer type membrane layer can be formed
ing element sections 21, the vertical transmission CCD 22
by forming an Si0 2 layer 12 or an SiN layer 11 on the Si layer
and the horizontal transmission CCD 23 constituting this
13 and then forming the strip line 2 thereon. Or, the membrane
neutron imaging sensor 30 be disposed on a same substrate 30 layer can have a multi-layered structure consisting of three or
10.
more layers.
Further, the materials for forming the membrane layer can
FIG. 16 shows a schematic of a further construction of a
be other materials than Si0 2 and SiN described above.
neutron imaging sensor 30 including a plurality of the neutron
The neutron detector and the neutron imaging sensor
detecting element sections 21 arranged two-dimensionally in
arrays, wherein the heat dissipation characteristics are differ- 35 according to the present invention can be used for e.g. detection of neutron inside a nuclear reactor, structural analysis of
entiated from each other in four levels among the neutron
a substance utilizing neutron diffraction.
detecting element sections 21. In this figure, the neutron
detecting element sections 30 denoted with different hatching
The invention claimed is:
patterns have different heat dissipation characteristics from
1. A neutron detector comprising:
40
each other. Therefore, this neutron imaging sensor 30 is
a plurality of neutron detecting element sections, each said
capable of detecting neutrons in four different levels of time
neutron detecting element section having;
resolution and detection sensitivity. In this example, four
a superconducting element including a substrate having at
neutron detecting element sections 21 having different heat
least one of surfaces thereof formed of a dielectric matedissipation characteristics from each other and arranged in
rial, a strip line of the superconducting material formed
two rows and two columns are grouped as one set of detecting
on said surface and electrodes formed at opposed ends of
unit 24. And, a plurality of such detecting units 24 are
said strip line,
arranged two-dimensionally to constitute the neutron imagresistance
determining sections adapted for determining
ing sensor 30. Incidentally, when the neutron detecting elegeneration of heat resulting from a nuclear reaction
ment sections 21 are to be constructed to have heat dissipation
between a superconducting element in the strip line and
characteristics different in a plurality of levels, there can be 50
neutrons, through detection of change in a resistance
two or three levels or five or more levels. In these cases,
value of said strip line,
regarding the arrangement (layout) of the neutron detecting
a heat dissipation setting section provided on a back side
element sections 21 of the respective levels, it is preferred to
portion of said substrate opposite to said surface having
avoid localized arrangement of the neutron detecting element
sections 21 of a same level of heat dissipation characteristics. ss said strip line formed thereon, said heat dissipation setting section adapted for setting dissipation characteris<1>
tics of said heat resulting from the nuclear reaction, and
the heat dissipation characteristics being differentiated
In the foregoing embodiment, the material, shape, size of
from each other between/among the neutron detecting
the superconducting element, the arrangement of the elecelement sections.
trodes 1 shown in the figures can be modified. For instance, in 60
2. The neutron detector according to claim 1, wherein said
the foregoing embodiment, the strip line 2 contains MgB 2 as
plurality of neutron detecting element sections are provided
a superconducting material. Instead, the strip line in the
on a same single substrate.
meandering form can be formed by depositing a compound
layer containing 1°B on or beneath a superconducting mate3. The neutron detector according to claim 1, wherein the
rial such as Nb, NbN or the like. Further, in the foregoing 65 detector includes three or more of said neutron detecting
embodiment, the strip line 2 contains MgB 2 as the superconelement sections, with the heat dissipation characteristics
ducting material, so that there occurs a nuclear reaction
being differentiated among them in three or more levels.
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4. The neutron detector according to claim 1, wherein
variable setting of thickness of the back side portion of said
substrate constitutes said heat dissipation setting section.
5. The neutron detector according to claim 1, wherein the
thicknesses of the back side portions of said substrate are 5
differentiated from each other between/among the neutron
detecting element sections.
6. The neutron detector according to claim 1, wherein said
resistance determining sections are configured to determine
the resistance value of each individual one of the plurality of io
neutron detecting element sections.
7. The neutron detector according to claim 1, wherein some
of the plurality of neutron detecting element sections are
resolution priority type neutron detecting element sections
having enhanced time resolution obtained by improving the 15
heat dissipation characteristics by the heat dissipation setting
section, relative to those of the other neutron detecting element sections.

12
8. The neutron detector according to claim 1, wherein some
of the plurality of neutron detecting element sections are
sensitivity priority type neutron detecting element sections
having enhanced sensitivity by degrading the heat dissipation
characteristics by the heat dissipation setting section, relative
to those of the other neutron detecting element sections.
9. The neutron detector according to claim 1, wherein said
superconducting material contains MgB 2, so that 1°B present
in said strip line provides the nuclear reaction with the neutrons.
10. The neutron detector according to claim 1, wherein said
strip line is formed as a meandering strip line.
11. A neutron imaging sensor comprising a plurality of said
neutron detecting element sections according to claim 1
arranged in the form of an array.

