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device. The microchannel plate according to the present invention comprises a base body provided with a plurality of through holes

(13) and having an insulating property, and is arranged in a gas atmosphere mainly containing an inert gas to constitute a

proportional counter. The base body has photoelectric converter portions (1a, 1b) formed on at least inner walls of the plurality of
through holes (13).
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ABSTRACT

An object of the present invention is to provide a microchannel plate
having excellent characteristics which enable to attain both high luminance and
high fesolution at the same time, a gas proportional counter using such a
microchannel plate and an imaging device. The microchannel plate according
to the present invention comprises a base body provided with a plurality of
through holes (13) and having an insulating property, and is arranged in a gas
atmosphere mainly containing an inert gas to constitute a proportional counter.
The base body has photoelectric converter portions (1a, 1b) formed on at least

inner walls of the plurality of through holes (13).
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CLAIMS

1. A microchannel plate which comprises a base body having
opposite faces and provided with a plurality of through holes extending
between said faces, the base body having an insulating property,

wherein the base body has a first photoelectric converter portion
formed on and extending into at least the inner walls of the plurality of through
holes from one face of the base body and a second photoelectric converter
portion formed on and extending into the inner walls of the plurality of through
holes from a second face of the base body and arranged apart from the first
photoelectric converter portion, and

the first and second photoelectric converter portions comprising
electrodes for applying a predetermined voltage to opposite ends of the

through holes.

2. The microchannel plate according to claim 1,
wherein the first and second photoelectric converter portions include

alkali metal atoms.

3. The microchannel plate according to claim 2,
wherein the first and second photoelectric converter portions satisfy a
relation represented by the following formula (1):
Lepx0.1 <La ... (1),
in which Lcp: a length of each through hole in an axial direction, and
La: a length of the first and second photoelectric converter

portions along the axial direction of the through hole.
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4. The microchannel plate according to claim 1,
wherein the first and second photoelectric converter portions include

a plurality of types of alkali metal atoms.

5. The microchannel plate according to claim 1,
wherein sections of the inner walls of the plurality of through holes
have a substantially linear shape which is vertical to a plane direction of the

base body.

6. A gas proportional counter which comprises:

a chamber filled with a gas for radiation detection mainly including an
inert gas and having a window which an electromagnetic wave or ionization
radiation enters, and

a microchannel plate according to claim 1 arranged in the chamber.

7. The gas proportional counter according to claim 6,
wherein the gas for radiation detection contains an organic gas

including a halogen atom in molecules.

8. Animaging device which comprises:

the gas proportional counter according to claim 7, and

a photo-detector arranged in the chamber.
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simulation of an interaction of the X-ray, the gas and a material substance of the
CP was performed by use of EGS4 code (the EGS4 Code System by W. R.
Nelson, H. Hirayama and D. W. O. Rogers, SLAC-265, Stanford Linear
Accelerator Center, 1985), to evaluate detection efficiency and pulse wave
height spectrum (distribution).

[0015] As aresult, it has been confirmed that in a case where the MCP
having the photoelectric converter portions formed on at least the inner walls of
the plurality of through holes (the inner surfaces of the through holes is used, as
compared with an MCP which does not have such photoelectric converter
portions, detection efficiency especially with respect to the X-ray having energy
of 10 keV or more is significantly improved.

[0016])  Furthermore, the present inventor modeled a three-dimensional
constitution of the MCP, and performed simulation of electric field and electron
behaviors by use of codes of Maxwell 3-D field simulator (commercial finite
element computation package, Ansoft Co. Pittsburg, PA, USA.) and Garfield (R.
Veenhof, Nucl. Instr. and Meth. A419 (1998) 726. HYPERLINK
"http://garfield.web.cern.ch/garfield/" http://garfield.web.cern.ch/Garfield/). It is to
be noted that the electric field was calculated by Maxwell, and movement of
electrons in a gas was calculated by Garfield. As a result, it has been turned
out that the electron éloud generated in the drift area before the through holes
tends to have difficulty in entering the through holes having the photoelectric
converter portions provided on at least the inner walls the through holes (the
inner surfaces of the through holes).

[0017]  Therefore, it is presumed that in the MCP having the photoelectric

converter portions formed on at least the inner walls of the plurality of through
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holes (the inner surfaces of the through holes), the electron cloud generated
outside the MCP is sufficiently inhibited from entering the through holes,
whereas primary electrons highly efficiently generated in the photoelectric
converter portions substantially contribute to the electron/light multiplication in
the through holes. The mechanism of the function is not limited to this example.
[0018] Moreover, a material of the photoelectric converter portions interacts
with an electromagnetic wave, a particle beam or the like of a measurement
target. As a result, there is not any special restriction on the material as long as
the material includes a substance for generating the electromagnetic wave, the
particle beam or the like. In addition to a transition metal, a heavy metal and a
noble metal, examples of the material include a material including alkali metal
electrons and a material having a large sectional area which reacts with the
measurement target. More specifically, when the measurement farget is visible
light (a wavelength of about 400 nm to 800 nm), multialkali including a plurality
of types of alkali metals described later is preferable, and bialkali is more
preferable with respect to visible light especially having a wavelength of about
300 nm to 600 nm. Examples of a preferable metal may include Csl with
respect to vacuum ultraviolet light having a wavelength shorter than about 200
nm, and Au and Cs with respect to an X-ray to a y-ray having a short
wavelength. Furthermore, when the measurement target is neutron radiation, a
material including B, Gd or the like is preferable. Thus, when the measurement
target is the electromagnetic wave, a material including alkali metal electrons is
especially useful as the material of the photoelectric converter portions.

[0019]  The present inventor manufactured for trial an MCP provided with the

photoelectric converter portions including alkali metal atoms, and operated the
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has a bias angle (an angle formed by a direction vertical to the surface of the
porous plate 11 and the extension axis G) of approximately 0°, but the bias
angle may be, for example, about 5 to 15°.
[0035] Moreover, the electrodes 1a, 1b are provided so as to cover a
periphery of an opening end of the channel 13, and are extended onto the inner
walls at the ends of the channels 13 so as to enter the channels 13 from
opening ends of the channels.
[0036] Furthermore, the one electrode 1a (an electrode provided on a side
CPy which an electromagnetic wave such as the X-ray enters at a time when
the MCP 1 is provided in the imaging device as described later) is provided so
as to satisfy a relation preferably represented by the following formula (1):

Lepx0.1 < La... (1), and

more preferably by the following formula:

- Lepx0.2 < Las Lepx0.5 ... (2),

[0037] in which Lcp is the total length (a thickness of the porous plate 11) of
each channel 13 in an extension axis G direction, and La is the length (a height
of the electrode 1a in the channel 13) of the electrode 1a along the extension
axis G direction of the channel 13.
[0038] Inthe MCP 1 having such a constitution, when a voltage is applied
between the electrodes 1a and 1b, that is, opposite ends of each channel 13,
an electric field having the extension axis G direction is generated in the
channel 13. At this time, when electrons (the primary electrons) generated
owing to a photoelectric effect in the electrode 1a enter the channel 13 from one
end, an intense electric field formed in the channel 13 imparts energy to the

incoming electrons, ionization/excitation collision between the electrons and gas
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atoms in the channel 13 is repeated in a mulitiple manner (avalanche manner),
and the electrons and the light (excitation emission) rapidly in an exponential
manner to perform electron/light multiplication.

[0039] FIG. 4 is a perspective view (a partially broken view) showing one
preferable embodiment of an imaging device using a gas proportional counter
(CGPC) of the present invention provided with the MCP 1. FIG. 5 is a sectional
view schematically showing a main part of the imaging device.

[0040] In an imaging type X-ray detection device 200 (an imaging device),
an imaging system 210 is connected to a power source system 34 and a control
system 35 (which also serves as a measurement circuit system) in which a
CAMAC unit and a display are incorporated. The imaging system 210 has a
chamber 22 substantially having a cylindrical shape, having an upper end
thereof covered with a beryllium window 21 (a window) and provided with an
exhaust port 22a and a suction port 22b on a side wall thereof, and a chamber
23 bonded after the chamber 22 with respect to an incidence direction of an X-
ray Pv (an electromagnetic wave).

[0041] In the chamber 22, hollow shaping rings 215, 216 and the MCP 1 are
coaxially provided from an upstream side of the chamber along the incidence
direction of the X-ray Pv. These shaping rings 215, 216 are connected to the
power source system 34 and a ground potential, and the rings between a high
voltage from the power source system 34 and the ground are resistance-divided
to apply an appropriate drift voltage to each ring. These shaping rings 215, 216
define a drift area in a front space of the MCP 1.

[0042] Moreover, the electrodes 1a, 1b of the MCP 1 are connected to the

power source system 34, respectively. A predetermined cathode voltage is
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applied to the electrode 1a, thereby allowing the electrode to function as an
anode. A predetermined anode voltage is applied to the electrode 1b, thereby
allowing the electrode to function as a cathode.

[0043] Furthermore, an opening is provided at a boundary between the
chambers 22 and 23, and an FOP 2 is fitted into the opening so as to seal a
chamber 22 side. In a space of the chamber 22 closed in this manner, an
organic gas, for example, alkane halide such as CF4 including preferably a
halogen atom, more preferably a fluorine atom is added to an He gas, an Ar gas,
an Xe gas, a CH, gas or the like as a main gas component. Furthermore, if
necessary, a quenching gas is added. Such a gas 217 for detection is
introduced. The gas 217 for detection is appropriately filled and evacuated
using the exhaust port 22a and the suction port 22b.

[0044] An amount of an organic gas such as CF4 to be added can
appropriately be selected in accordance with a type of the gas, but the amount
is set to preferably about 1 to 10 vol%, more preferably several vol% with
respect to the total amount of the gas 217 for detection. Thus, the beryllium
window 21, the chamber 22, the shaping rings 215, 216, the MCP 1 and the gas
217 for detection constitute a proportional counter of the present invention.
[0045]  Furthermore, on a bottom wall of the chamber 23, a photo position
detector 3 (a photo detector) is installed coaxially with the MCP 1 and the FOP
2, and a driving circuit board 4 for driving the photo position detector 3 is
provided around the detector. As the photo position detector 3, a photo
detector capable of detecting a two-dimensional position is preferable.
Examples of the detector include a CMOS sensor array, an image intensifier

(1.1.), a CCD, an ICCD, a PMT, and an imaging sensor using an anode board.
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[0046] In addition, the power source system 34 is connected to the shaping
rings 215, 216 and the MCP 1 via a power source terminal 24 provided on a
side wall of the chamber 23, and the system supplies a driving power to the
driving circuit board 4 and the photo position detector 3 via the power source
terminal 24. Furthermore, the control system 35 is connected to the driving
circuit board 4 via a signal terminal 25 provided on the side wall of the chamber
23.

[0047] In the imaging type X-ray detection device 200 using a gas
proportional counter provided with the MCP 1 having such a constitution, the X-
ray Pv which has entered the chamber 22 through the beryllium window 21
interacts with gas molecules of an area (the drift area) defined between the
beryllium window 21 and the MCP 1, to produce and emit the primary electrons
(X-ray photoelectrons) having high energy owing to the photoelectric effect.
The primary electrons advance while imparfing energy to the other gas
molecules, and electron-ion pairs are generated in a track of the electrons to
form electron cloud.

[0048] A forward bias voltage similar to that of a conventional high
luminance mode is applied to the drift area, and the electron cloud generated by
the primary electrons moves (drifts) toward the MCP 1 owing to an electric field
(e.g., an intensity of about 100 V/cm) formed by the forward bias voltage. The
electrons which have moved toward the MCP 1 in this manner enters the
channels of the MCP in a conventional device, but in the MCP 1 of the present
invention, entrance of the electrons into the channels 13 is disturbed.

[0049] Here, there will be described a result of electric field simulation

performed by the present inventor by use of Maxwell & Garfield three-
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dimensional simulation codes in order to clarify behaviors of such electrons.
Outlines of a structure model in the vicinity of the MCP 1 used in the simulation
are as follows. It is to be noted that a shape of the channel 13 is basically equal
to that shown in FIG. 3. The following symbols are shown in FIG. 3.

* the total length Lcp of the channel 13: 500 pm

* an inner diameter D of the channel 13: 50 um

» a distance Ly, between the electrode 1a and a front potential point
Vigp: 500 um

* a distance Lyt between the electrode 1a and a rear potential point
Vpot: 500 pm

* the length La of the electrode 1a in the channel 13: 25, 50, 100 um

* a length Lb of the electrode 1b in the channel 13: 50 pm

* a potential of an upper potential point: +45.8 V

* a potential of the electrode 1a: +50 V

* a potential of the electrode 1b: +1050 V

* a potential of a lower potential point: +1045V
[0050] In this model, an electric field intensity of the drift area before the
electrode 1a is 100 V/cm, and an electric field intensity in the channel 13 is
2x10* V/em or more.
[0051] FIGS. 6 to 8 are diagrams showing calculation results of isoelectric
(contours of the potential) distributions in the vicinity of an opening of the
channel 13 in cases where the lengths La are 25, 50 and 100 um, respectively.
It has been confirmed that when the length La of the electrode increases, a
portion where the contours are densely spaced changes to a deeper position in

the channel 13.

18



10

15

20

25

CA 02617224 2011-01-27

[0052] Moreover, FIGS. 9 to 11 are diagrams showing calculation resuits of
the electric field intensity in the channel 13 in cases where the lengths La are 25,
50 and 100 um, respectively. It has been confirmed that when the length of the
electrode 1a changes to 25, 50 and 100 um, the electric field in the channel 13
increases to 23, 24.5 and 28 kV/cm at maximum. It has been found that when
the length of the electrode 1a increases, the electric field in the channel 13 can
be intensiﬁedr. Conversely, when the length of the electrode 1a increases, the
equal electric field intensity can be obtained with a low voltage.

[0053] Furthermore, FIGS. 12 to 14 are diagrams showing calculation results
of a movement (drift) state of electrons in the channel 13 and in the vicinity of
the channel in cases where the lengths La are 25, 50 and 100 um on a
condition that any gas is not present before the electrode 1a, respectively. It
has been confirmed that when the length of the electrode 1a increases,
electrons E present before the electrode 1a do not easily enter the channel 13.
[0054] In addition, FIGS. 15 to 17 are diagrams showing calculation results
of the movement (drift) state of the electrons in the channel 13 and in the
vicinity of the channel in cases where the lengths La are 25, 50 and 100 um on
the condition that a gas is present before the electrode 1a, respectively.

[0055] Moreover, 1000 virtual electrons were arranged at positions along the
extension axis G of the channel 13 with a distance of 400 um between the
electrode 1a and the front potential point Viop, and behaviors of the electrons,
and a ratio of the electrons which contributed to (participated in) electron
multiplication owing to an interaction with a gas in the channel 13 were
calculated and evaluated. Results are collectively shown in Table 1.

[0056] + [Table 1]

19



10

15

CA 02617224 2011-01-27

Number of electrons (electrons)

Ratio (%) of
electrons which

Length La of Drift area
contributed to
electrode 1a | between Vi Inner wall of
Electrode 1a electron
(wm) and electrode channel 13 e
; multiplication in
a
channel 13
25 18 155 827 16
50 23 463 513 14
100 32 946 22 1
[0057] From these results, it has been confirmed that when the length of the

electrode 1a increases, the number of the electrons which stop in the electrode

1a increases. In consequence, the number of the electrons which reach the

inside of the channel 13 decreases, and further the ratio of the electrons which

contribute to electron multiplication in the channel 13 decreases. Especially, it

is understood that when the length La of the electrode 1a is larger than 50 pm

(i.e., La = Lcpx0.1), a ratio at which the electrons E generated in the drift area

before the electrode 1a contribute to the electron multiplication in the channel

13 remarkably decreases. When La is 100 um (i.e., La = Lcpx0.2) or more, the

contribution ratio can be reduced to a substantially negligible ratio.

[0058]

One of reasons why the electrons E present in the drift area before

the electrode 1a do not easily enter the channel 13 is supposedly that as shown

in FIGS. 6 to 8, when the length La of the electrode increases, the portion

where the contours are densely spaced changes to a deeper position in the

channel 13, whereby the electrons entering an opening end of the channel 13

move so as to enter the electrode 1a (see FIGS. 12 to 14). However, a function

is not limited to this function.

[0059]

20

The electron cloud generated in the drift area in this manner does not
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easily enter the channel 13, and a part of the X-ray Pv which has enteréd the
chamber 22 reaches the MCP 1 without being converted into the electrons
owing to the interaction with the gas molecules. When this X-ray Pv enters the
electrode 1a, photoelectric conversion is caused by the interaction with the
electrode 1a to generate photoelectrons. At this time, the electrode 1a includes
an alkali metal atom having a reaction sectional area of the photoelectric
conversion, so that generation efficiency of the photoelectrons is increased.
[0060] The photoelectrons generated from the electrode 1a are generated in
the vicinity of the opening of the channel 13 or in the channel 13, and hence
immediately enter the channel 13. In the channel 13, an electric field of, for
example, 10* V/cm or more is formed so that electric discharge of the gas and
excitation emission are sufficiently caused, and the electrons successively
collide with the gas molecules to perform the electron multiplication and light
multiplication.

[0061] In this case, when various reactions are caused and, above all,
excited CF4 molecules transit to a base bottom state, light having a wavelength
peculiar to the energy transition is emitted (CF4 *— CF4+hv). A wavelength
region of this excitation emission is broad from visible light to an infrared region
(about 400 to 900 mm), and a peak wavelength of the region is about 620 nm.
This emission wavelength tends to most match sensitivity of a CCD among
specific devices of the photo position detector 3.

[0062] The light which has multiplied in this manner passes through the FOP
2 to enter the photo position detector 3 without being photoelectrically converted
again. The photo position detector 3 outputs information on the two-

dimensional position which the light enters and an electric signal based on light
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intensity at each incidence position to the control system 35 through the driving
circuit board 4, and a three-dimensional X-ray emission image is constituted in
the system and output to the display or the like.

[0063] Here, FIGS. 20 to 22 are photographs showing results of imaging.
The inner diameter D of the channel 13 was set to 100 um, the MCP 1 was
prepared using inconel 600 as the electrodes 1a, 1b, and a test pattern (an
aperture) shown in FIG. 19 was disposed before the beryllium window 21 and
imaged while irradiated with the X-ray in a high resolution mode to apply a
reverse bias voltage. It is to be noted that in the chamber 23, an Ar+CF4
mixture gas having a predetermined pressure was introduced. FIGS. 20 to 22
show results in cases where pressures of the mixture gas are 1 atm, 0.5 atm
and 0.25 atm, respectively. It is also indicated that when numeric values shown
in FIGS. 20 to 22 increase, straight lines reflected adjacent to the values are
dense.

[0064] It has been confirmed from these results that the MCP 1 of the
present invention and the imaging type X-ray detection device 200 using the
gas proportional counter provided with the MCP have sufficient imaging
sensitivity even in the high resolution mode remarkably excellent in positional
resolution. During an operation in a high luminance mode to apply a forward
bias, when a gas pressure in the chamber decreases, track lengths of the
electrons usually increase. Therefore, when the gas pressure decreases, the
resolution tends to deteriorate. On the other hand, as apparent from FIGS. 20
to 22, it has been found that in the MCP 1 of the present invention and the
imaging type X-ray detection device 200 using the gas proportional counter

provided with the MCP, even when such a gas pressure in the chamber
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changes, the deterioration of the resolution is not recognized.

[0065] According to the imaging type X-ray detection device 200 using the
gas proportional counter provided with the MCP 1 having such a constitution,
the electrons highly efficiently generated owing to the interaction between the
alkali metal atom included in the electrode 1a and the X-ray Pv function as an
electron source for the eléctronllight multiplication in the channel 13, so that the
imaging with the high luminance (high sensitivity) can be performed. The
electron cloud generated in the drift area moves toward the MCP 1 while being
diffused in the gas, but the cloud is inhibited from entering the MCP 1.
Moreover, the photoelectrons generated in the vicinity of the opening of the
channel 13 and in the channel are hardly diffused in the gas, and hence
information on the position which the X-ray Pv has entered can more exactly be
retained. Then, these photoelectrons function as the electron source for the
electron/light multiplication in the channel 13, so that the excellent positional
resolution determined by the inner diameter of the channel 13 can be realized.
Thus, the X-ray imaging with the high luminance and the high resolution is
realized.

[0066] ltis to be noted that the present invention is not limited to the above-
mentioned embodiments, and can variously be modified within the scope of the
present invention. For example, a shape of the MCP 1 is not limited to a disc
shape, and a square plate-like shape or the like may be used. FIG. 18 is a
perspective view schematically showing another example of the MCP according
to the present invention. An MCP 10 includes a rectangular outer peripheral
frame 212, and a base body 211 provided with a large number of channels 13

and constituted of an insulating member such as glass or a resin is provided on
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an inner side of the frame. Furthermore, the MCPs 1, 10 do not have to have
the outer peripheral frames 12, 212.
[0067] Furthermore, a gas of TMA, TEA or the like which produces a
penning effect may be added to the gas 217 for detection instead of or in
addition to the CF4 gas, but from a viewpoint that the éxcited light wavelength is
in a visible region as described above, an organic gas, for example, alkane
halide such as CF, is more preferable. Furthermore, instead of the FOP 2, a
combination of a conventional light transmission window and an optical system
may be used, or a bundle-like optical fiber may be used. In addition, the
electrode 1b does not have to include any alkali metal atom.
[0068] Moreover, in the above embodiment, the detection and imaging of the
X-ray have been described, but a detection target is not limited to the X-ray.
The MCP, the gas proportional counter and the imaging device according to the
present invention may be used in detection of another electromagnetic wave
and ionization radiation. Especially, the photoelectric converter portions include
the alkali metal atoms, and hence have high sensitivity even with respect to light
having a wavelength from an ultraviolet region to a near-infrared region. Even
in this case, the above-mentioned example positional resolution can be realized.
[0069] Furthermore, the electrode 1a may be provided with a layer including
nuclear species (e.g., '°B) having a large neutron radiation absorbing sectional
area (a sectional area of reaction with respect to neutrons). In this case, the
present invention also functions as a detection device of the neutrons. That is,
in this case, a nuclear reaction represented by the following formula (3) occurs:
%B+n — *He+'Li+2.78 MeV ... (3).

At this time, discharged “He (a-line) and “Li impart energy to the gas

24



10

15

20

25

CA 02617224 2011-01-27

in the channel 13 to generate primary electron cloud, and this primary electron
cloud can be a source for the electron/light multiplication in the channel 13. In
consequence, during the detection of the neutrons. a positional resolution of the
order of um can be achieved. A positional resolution of a usual neutron
detector using the gas is of the order of cm. Therefore, according to the MCP,
the gas proportional counter and the imaging device of the present invention,
the positional resolution in the detection of the neutrons can be improved as
much as about 1000 times a conventional resolution.

[0070] Furthermore, there is not any special restriction on a material of the
porous plate 11. However, when glass is used, the reaction between the alkali
metal atom included in the electrode 1a and oxygen can be inhibited. This is
preferable from a viewpoint of preventing the deterioration of the electrode 1a

with elapse of time.

Industrial Applicability

[0071] As described above, according to a microchannel plate, a gas
proportional counter and an imaging device of the present invention, both high
luminance and high resolution can be attained at the same time. Therefore, the
present invention is broadly usable in any measurement of an electromagnetic

wave or ionization radiation, including positional detection.

Brief Description of the Drawings
[0072] FIG. 1 is a plan view schematically showing one preferable

embodiment of an MCP according to the present invention,;

FIG. 2 is a sectional view cut along the II-li line of FIG. 1;
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FIG. 3 is a main part enlarged view of FIG. 2, and a sectional view
schematically showing channels 13 and peripheries of the channels;

FIG. 4 is a perspective view showing one preferable embodiment of
an imaging device using a gas proportional counter of the present invention
provided with an MCP 1;

FIG. 5 is a sectional view schematically showing a main part of the
imaging device shown in FIG. 4;

FIG. 6 is a diagram showing a calculation result of an isoelectric
distribution in the vicinity of an opening of a channel 13 in a case where a length
La of an electrode 1a is 25 um;

FIG. 7 is a diagram showing a calculation result of the isoelectric
distribution in the vicinity of the opening of the channel 13 in a case where the
length La of the electrode 1a is 50 um;

FIG. 8 is a diagram showing a calculation result of the isoelectric
distribution in the vicinity of the opening of the channel 13 in a case where the
length La of the electrode 1a is 100 um;

FIG. 9 is a diagram showing a calculation result of an electric field
intensity in the channel 13 in a case where the length La of the electrode 1a is
25 pm,;

FIG. 10 is a diagram showing a calculation result of the electric field
intensity in the channel 13 in a case where the length La of the electrode 1a is
50 um;

FIG. 11 is a diagram showing a calculation resuilt of the electric field
intensity in the channel 13 in a case where the length La of fhe electrode 1a is

100 pm;
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FIG. 12 is a diagram showing a calculation result of a movement state
of electrons in the channel 13 and in the vicinity of the channel in a case where
the length La of the electrode 1a is 25 um on a condition that any gas is not
present before the electrode 1a;

FIG. 13 is a diagram showing a calculation result of the movement
state of the electrons in the channel 13 and in the vicinity of the channel in a
case where the length La of the electrode 1a is 50 um on the condition that any
gas is not present before the electrode 1a;

FIG. 14 is a diagram showing a calculation result of the movement
state of the electrons in the channel 13 and in the vicinity of the channel in a
case where the length La of the electrode 1a is 100 um on the condition that
any gas is not present before the electrode 13;

FIG. 15 is a diagram showing a calculation result of the movement
state of the electrons in the channel 13 and in the vicinity of the channel in a
case where the length La of the electrode 1a is 25 um on the condition that a
gas is present before the electrode 1a;

FIG. 16 is a diagram showing a calculation result of the movement
state of the electrons in the channel 13 and in the vicinity of the channel in a
case where the length La of the electrode 1a is 50 um on the condition that the
gas is present before the electrode 1a;

FIG. 17 is a diagram showing a calculation result of the movement
state of the electrons in the channel 13 and in the vicinity of the channel in a
case where the length La of the electrode 1a is 100 um on the condition that the
gas is present before the electrode 1a;

FIG. 18 is a perspective view schematically showing another example
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of the MCP according to the present invention;

FIG. 19 is a plane photograph showing a test pattern;

FIG. 20 is a photograph showing a result obtained by operating the
MCP 1 in a high resolution mode and imaging the test pattern with an X-ray;

FIG. 21 is a photograph showing a result obtained by operating the
MCP 1 in the high resolution mode and imaging the test pattern with the X-ray;
and

FIG. 22 is a photograph showing a result obtained by operating the

MCP 1 in the high resolution mode and imaging the test pattern with the X-ray.
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