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Description
TECHNICAL FIELD
[0001] The present invention relates to a particle
beam image detector employing gas amplification attained by pixel-type electrodes.
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BACKGROUND ART
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[0002] The present inventors have previously developed, as one type of detector, an MSGC (Micro Strip
Gas Chamber), which is a gas-amplification-type particle beam image detector realizing high position resolution and high incident particle tolerance and contains
strip-type electrodes. Characteristic features of this detector include a very short dead time for a gas amplifier
and high position resolution, and the detector has become of keen interest by virtue of its potential use as a
detector for particle beams of high brightness. Presently, tests employing X-rays have confirmed that the detector is free of malfunction under a brightness of 107
counts/mm2·sec or more.
[0003] FIG. 1 is an exploded perspective view of a
conventional MSGC (see for instance: "Imaging gaseous detector based on micro-processing technology",
Toru Tanimori et al., Nuclear Instruments and Methods
in Physics Research, Section A, Vol. 436, Nr. 1-2,
21/10/1999).
[0004] The MSGC imaging device shown in FIG. 1
has an effective area of 10 cm 3 10 cm. Reference numeral 1 denotes a substrate made of polyimide thin film.
Reference numeral 2 denotes an anode strip formed on
substrate 1, and reference numeral 3 denotes a stripshaped cathode electrode. Anode strips 2 and stripshaped cathode electrodes 3 are juxtaposed alternately.
[0005] Reference numeral 4 denotes a base substrate made of ceramic, and reference 5 denotes a backside electrode formed on the base substrate 4 and
placed under the substrate 1.
[0006] Approximately distance D1 above the thusconstructed element, a drift plate 6 is provided, to thereby define a chamber for allowing passage of gas therethrough; e.g., a gas containing argon and ethane (see,
for example, Japanese patent Application Laid-Open
(kokai) No. 10-300856).
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a result, it frequently occurs that heat generated from
discharge destroys electrode strips, or fragments of the
broken electrode strips are deposited onto the surface
insulating layer, resulting in malfunction of the device
due to passage of current between the electrodes.
[0008] Moreover, since signals generated in the backside electrodes 5, which are two-dimensionally read out,
have a magnitude about 20% that of the signals generated by the anodes located on the surface side, an expensive amplifier must be employed as a circuit for attaining successful readout of such weak signals, or alternatively, amplification factor attained by gas must be
further improved.
[0009] In view of the foregoing, an object of the
present invention is to provide a particle beam image
detector employing gas amplification attained by pixeltype electrodes, the detector having high sensitivity and
electrodes of improved reliability.
[0010] In order to achieve the above object, the
present invention provides the following:
[1] A particle beam image detector employing gas
amplification attained by pixel-type electrodes,
characterized by comprising anode strips formed
on the back surface of a double-sided substrate, columnar anode electrodes which are planted in the
anode strips such that their upper ends penetrate
the double-sided substrate so as to be exposed to
a surface thereof, and strip-shaped cathode electrodes each having an aperture such that each of
the corresponding columnar anode electrodes falls
therein.
[2] The particle beam image detector employing gas
amplification attained by pixel-type electrodes as
recited in [1] above, wherein each of the anode
strips has a width of about 200 to 400 µm.
[3] The particle beam image detector employing gas
amplification attained by pixel-type electrodes as
recited in [1] above, wherein the anode strips are
provided at intervals of about 400 µm, the stripshaped cathode electrodes each have apertures at
intervals of a predetermined distance, the diameter
of the aperture being about 200 to 300 µm, and each
of the columnar anode electrodes has a diameter
of about 40 to 60 µm and a height of about 50 to
150 µm.
BRIEF DESCRIPTION OF THE DRAWINGS

DISCLOSURE OF THE INVENTION
[0007] One critical problem associated with the
above-described MSGC encountered during studies for
putting the same into practical use is breakage of electrodes resulting from discharge between the electrodes.
In the case of the existing MSGC, a voltage is applied
between electrodes having a clearance of 50 µm or less.
Therefore, when a high voltage is applied in the hope of
obtaining increased gas amplification factor, large current flows due to discharge between the electrodes. As
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[0011]
FIG. 1 is an exploded perspective view of a conventional MSGC;
FIG. 2 is a perspective view showing an essential
portion of a particle beam image detector employing
gas amplification attained by pixel-type electrodes
according to one embodiment of the present invention;
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FIG. 3 is a plan view showing one embodiment of
the particle beam image detector employing gas
amplification attained by pixel-type electrodes according to the present invention;
FIG. 4 is an enlarged view of the portion A indicated
in FIG. 3;
FIG. 5 illustrates the operational principle of the particle beam image detector of the present invention;
and
FIG. 6 shows relations of voltage applied versus
gas amplification factor attained by the particle
beam image detector of the present invention.
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BEST MODES FOR CARRYING OUT THE INVENTION
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[0012] Hereafter, modes for carrying out the present
invention will be described with reference to the accompanying drawings.
[0013] FIG. 2 is a perspective view showing an essential portion of a particle beam image detector employing
gas amplification attained by pixel-type electrodes according to one embodiment of the present invention,
FIG. 3 is a plan view thereof, and FIG. 4 is an enlarged
view of the portion A indicated in FIG. 3. In FIG. 2, for
the sake of easy understanding of the disposition of the
anode strips, the lower section of the double-sided printed substrate is depicted to be separated from the upper
section. However, it should be noted that the upper and
lower sections are not separated, but constitute a unitary, double-sided substrate.
[0014] In these FIGs., reference numeral 1 denotes a
particle beam image detector, 2 a pixel chamber (300
mm 3 300 mm), 11 an anode strip (although width d1 is
300 µm in the present embodiment, any width falling
within the range of about 200 µm to 400 µm may be
used), 12 a columnar anode electrode planted in the anode strip 11 (although diameter d2 is 50 µm, any diameter falling within the range of about 40 µm to 60 µm
may be used), 13 a double-sided substrate for a printed
circuit having a thickness d3 of about 100 µm; 14 a stripshaped cathode electrode formed on one surface of the
substrate 13, and 21 a drift electrode.
[0015] As shown in FIG. 2, the particle beam image
detector of the present invention includes a double-sided printed circuit substrate 13, strip-shaped cathode
electrodes 14 on one surface of the substrate 13, and
anode strips 11 on the back surface of the substrate 13.
The anode strips 11 are provided at a pitch d5 of 400
µm. The strip-shaped cathode electrodes 14 each have
apertures 15 arranged at predetermined intervals. At the
center of each aperture 15 is provided a pixel serving
as a columnar anode electrode 12. The pixel is connected to a corresponding anode strip 11 present on the
back side. The diameter d6 of the aperture 15 in the stripshaped cathode electrode 14 is 250 µm. However, the
diameter is not limited thereto and may assume any value falling within the range of 200 µm to 300 µm.
[0016] As described above, in the present embodi-
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ment, the pixels serving as anodes 12 each have a diameter of 50 µm; however, the pixels may have a diameter of 40 µm to 60 µm. The anode electrodes 12 are of
the columnar shape and have a height d4 of about 100
µm, approximating the thickness of the double-sided
printed substrate 13. The height of the anode electrodes
is not limited to the above-mentioned specific height,
and may be suitably determined within a range of 50 µm
to 150 µm, in accordance with the thickness of the double-sided printed substrate 13.
[0017] In actual use of the detector for detecting a particle beam, the double-sided printed substrate 13 is
placed in a pixel chamber 2; i.e., in an inert-gas-based
atmosphere. As shown in FIG. 2, a drift electrode 21 is
provided at an appropriate position above the substrate
13 (in practice, several mm to several cm above the substrate 13) and parallel to the detector. This arrangement
allows image measurement of radioactive rays similar
to that attained by MSGC.
[0018] FIG. 5 illustrates the operational principle of
the particle beam image detector of the present invention.
[0019] Electrons e- produced through ionization of the
gas by the incident particle beams drift under the force
of a drift field toward a pixel on the substrate, the pixel
serving as an anode electrode 12. In the vicinity of the
columnar anode electrode 12, by virtue of the presence
of a strong electric field formed by a voltage between
anode and cathode (e.g., 420 V) and the pointed shape
of electrode, gas avalanche amplification of electrons
occurs. The + ions thus generated quickly drift toward
strip-shaped cathode electrodes 14 around the ions.
[0020] In the course of the above process, electric
charges are generated on the columnar anode electrodes 12 and also on the strip-shaped cathodes 14, and
these electric charges are observable on the electric circuit. Therefore, observation to determine the anode or
cathode strip at which this amplification phenomenon
occurs provides information about the position of the incident particle beam. Reading out of signals, circuit design for obtaining two-dimensional images, etc. can be
performed by use of those developed for conventional
MSGC.
[0021] Characteristic features of the present particle
beam image detector are summarized as follows:
(1) Since pixels are used as anodes, strong electric
fields can be easily formed, leading to an enhancement of amplification factor.
(2) Since each cathode surrounds the corresponding anode in a circular fashion, the electric field at
the peripheral portion of the cathode is much weaker than that observed at the anode. As a result, flying out of electrons from the cathode is suppressed,
and thus discharge does not easily occur.
(3) The electric field between the anode and cathode weakens sharply as a function of distance.
Therefore, progress toward discharge may occur
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only in rare cases.
(4) Between the anode and cathode, an insulator is
provided as a substrate. Since the width of the anode strip is larger than the diameter of the aperture
of the strip-shaped cathode electrode, and the
thickness of the substrate is similar to the radius of
the aperture, the direction.of the line of electric force
is always upward at the insulator surface, eliminating any risk of generating the undesired electrostatic field caused by accumulation of positive ions generated through gas amplification.
(5) Since the present particle beam image detector
essentially makes use of techniques for fabricating
printed circuit boards, detectors of large area can
be produced at low cost.
(6) In the event of discharge, the detector is not fatally damaged. That is, the only damage the detector would suffer is local breakage (of some pixels).
(7) Since the detector operates under application of
voltage to only two terminals; i.e., an anode electrode and a drift electrode, minimum facilities in
terms of power supply and wiring are required.
[0022] FIG. 6 shows relations of voltage applied versus gas amplification factor attained by the particle
beam image detector of the present invention. In FIG.
6, the x-axis represents voltage (V) applied between the
cathode and the anode, the y-axis represents gas amplification factor (logarithmic scale), line "a" represents
a characteristic curve according to the present invention, and line "b" represents that obtained from a conventional detector.
[0023] As is apparent from FIG. 6, an amplification
factor of 10,000 or thereabouts can be attained by the
present invention. Also, when the detector of the present
invention was operated for two days continuously at an
amplification factor of about 1,000, not even a single occurrence of discharge arose. At higher amplification factors, discharge was observed, but rarely, with no subsequent operational problems.
[0024] Although the present invention has been described above with reference to specific embodiments,
the invention is not limited to those embodiments. Numerous modifications and variations of the present invention are possible within the scope of the appended
claims.
[0025] As described above in detail, the present invention provides the following advantages and effects
among others.

ing anode in a circular fashion, the electric field at
the peripheral portion of the cathode is much weaker than that observed at the anode. As a result, flying out of electrons from the cathode is suppressed,
and thus discharge does not easily occur.
(D) The electric field between the anode and cathode weakens sharply as a function of distance.
Therefore, progress toward discharge may occur
only in rare cases.
(E) Between the anode and cathode, an insulator is
provided as a substrate. Since the width of the anode strip is larger than the diameter of the aperture
of the cathode electrode, and the thickness of the
substrate is similar to the radius of the aperture, the
direction of the line of electric force is always upward at the insulator surface, eliminating any risk of
generating the undesired, cancelling electrostatic
field caused by accumulation of positive ions generated through gas amplification.
(F) Since the present particle beam image detector
essentially makes use of techniques for fabricating
printed circuit boards, detectors of large area can
be produced at low cost.
(G) In the event of discharge, the detector is not fatally damaged. That is, the only damage the detector would suffer is local breakage (of some pixels).
(H) Since the detector operates under application
of voltage to only two terminals; i.e., an anode electrode and a drift electrode, minimum facilities in
terms of power supply and wiring are required.
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[0026] The particle beam image detector according to
the present invention employing gas amplification attained by pixel-type electrodes is suitable for technical
fields involving detection of radioactive rays; i.e., monitoring of radioactive rays, X-ray image analysis, medical
use X-ray imaging, and new techniques of gamma-ray
imaging.

Claims
45

50

(A) The detector of the invention has the same advantages as those of MSGC. That is, the inventive
detector attains a large gain and has improved reliability of electrodes.
(B) Since pixels are used as anodes, strong electric
fields can be easily formed, leading to an enhancement of amplification factor.
(C) Since each cathode surrounds the correspond-
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1.

A particle beam image detector employing gas amplification attained by pixel-type electrodes, with:
(a) anode strips (11) formed on the back surface of a double-sided insulator substrate (13),
and characterized by comprising:
(b) columnar anode electrodes (12) which are
planted in the anode strips (11) such that their
upper ends arranged to penetrate the doublesided, insulator substrate, (13) so as to be exposed to a surface thereof, and
(c) strip-shaped cathode electrodes (14) each
having an aperture, (15) such that each of the
corresponding columnar anode electrodes,
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(12) is arranged to fall therein, the radius of the
aperture (15) being similar to the thickness of
the said, insulator substrate (13), and the diameter of the aperture, (15) being smaller than the
width of the said anode strip, (11) so that the
direction of the line of electric force is always
upward with respect to the surface of the insulator substrate (13), eliminating any risk of generating the undesired electrostatic field caused
by the accumulation of positive ions generated
through gas amplification.
2.

3.

The particle beam image detector employing gas
amplification attained by pixel-type electrodes as
recited in claim 1, wherein each of the anode strips
has a width of about 200 to 400 µm.
The particle beam image detector employing gas
amplification attained by pixel-type electrodes as
recited in claim 1, wherein the anode strips (11) are
provided at intervals of about 400 µm, the stripshaped cathode electrodes (14) each have apertures at intervals of a predetermined distance, the
diameter of the aperture being about 200 to 300 µm,
and each of the columnar anode electrodes (12)
has a diameter of about 40 to 60 µm and a height
of about 50 to 150 µm.

(13) ist, wodurch irgendein Risiko des Erzeugens des unerwünschten elektrostatischen
Feldes, das durch die Ansammlung von durch
Gasverstärkung erzeugten positiven Ionen verursacht wird, beseitigt wird.
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2.

Teilchenstrahlbilddetektor unter Anwendung von
durch Pixelelektroden erzielter Gasverstärkung
nach Anspruch 1, dadurch gekennzeichnet, daß
jeder der Anodenstreifen eine Breite von ungefähr
200 bis 400 µm aufweist.

3.

Teilchenstrahlbilddetektor unter Anwendung von
durch Pixelelektroden erzielter Gasverstärkung
nach Anspruch 1, dadurch gekennzeichnet, daß
die Anodenstreifen (11) in Abständen von ungefähr
400 µm vorgesehen sind, die streifenförmigen Katodenelektroden (14) jeweils Öffnungen in Abständen in einer vorab festgelegten Entfernung aufweisen, wobei der Durchmesser der Öffnung ungefähr
200 bis 300 µm beträgt, und jede der säulenartigen
Anodenelektroden einen Durchmesser von ungefähr 40 bis 60 µm und eine Höhe von ungefähr 50
bis 150 µm aufweist.
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Teilchenstrahlbilddetektor unter Anwendung von
durch Pixelelektroden erzielter Gasverstärkung,
mit:
35
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(c) streifenförmige Katodenelektroden (14), die
jeweils eine Öffnung (15) aufweisen, so daß jede der entsprechenden säulenartigen Anodenelektroden (12) derart angeordnet ist, daß sie
dort hineinfällt, wobei der Radius der Öffnung
(15) der Dicke von genanntem Isolatorsubstrat
(13) ähnelt und der Durchmesser der Öffnung
(15) kleiner als die Breite des genannten Anodenstreifens (11) ist, so daß die Richtung der
Linie von elektrischer Kraft immer nach oben in
Bezug auf die Oberfläche des Isolatorsubstrats
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Détecteur d'images par faisceau de particules à
amplification gazeuse atteinte par des électrodes
de type pixel, avec
(a) des pistes d'anode (11) formées sur la surface arrière d'un substrat isolant double face
(13), et caractérisé en ce qu'il comprend :
(b) des électrodes d'anode en forme de colonne (12) qui sont plantées dans les pistes d'anode (11) de sorte que leurs extrémités supérieures sont disposées pour pénétrer dans le substrat isolant double face (13) de manière à être
exposées à une surface de celui-ci, et
(c) des électrodes de cathode en forme de piste
(14) ayant chacune une ouverture (15) de sorte
que chacune des électrodes d'anode en forme
de colonne (12) correspondantes est disposée
pour tomber dedans, le rayon de l'ouverture
(15) étant similaire à l'épaisseur dudit substrat
isolant (13), et le diamètre de l'ouverture (15)
étant inférieur à la largeur de ladite piste d'anode (11), de sorte que la direction de la ligne de
force électrique est toujours vers le haut par
rapport à la surface du substrat isolant (13), éliminant tout risque de génération du champ
électrostatique indésirable causé par l'accumulation d'ions positifs générés par l'intermédiaire
de l'amplification gazeuse.

(a) Anodenstreifen (11), die auf der Rückseite
eines doppelseitigen Isolatorsubstrats (13)
ausgebildet sind, dadurch gekennzeichnet,
daß er umfaßt:
(b) säulenartige Anodenelektroden (12), die in
die Anodenstreifen (11) gepflanzt sind derart,
daß deren oberen Enden so angeordnet sind,
daß sie das doppelseitige Isolatorsubstrat (13)
durchdringen, um an einer Seite desselben freizuliegen, und
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Détecteur d'images par faisceau de particules à
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amplification gazeuse atteinte par des électrodes
de type pixel selon la revendication 1, dans lequel
chacune des pistes d'anode a une largeur d'environ
200 à 400 µm.
5

3.

Détecteur d'images par faisceau de particules à
amplification gazeuse atteinte par des électrodes
de type pixel selon la revendication 1, dans lequel
les pistes d'anode (11) sont prévues à des intervalles d'environ 400 µm, les électrodes de cathode en
forme de piste (14) ont chacune des ouvertures à
des intervalles d'une distance prédéterminée, le
diamètre de l'ouverture étant d'environ 200 à 300
µm, et chacune des électrodes d'anode en forme
de colonne (12) a un diamètre d'environ 40 à 60 µm
et une hauteur d'environ 50 à 150 µm.
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