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Description
Field of the Invention

[0001] The Invention relates to the technical field of
microchannel plate type photomultiplier tube, and partic-
ularly to an automatic expansion type focusing electrode
for photomultiplier tube and a photomultiplier tube there-
of.

Background of the Invention

[0002] Photomultiplier tube is a photodetector which
can convert weak light signals into electrical signals for
output. It can be divided into dynode type photomultiplier
tube and microchannel plate type photomultiplier tube
based on the category of multiplier. Various types of pho-
tomultiplier tubes are widely used in the fields of basic
physics, high-energy gamma ray detection, telescope
observation cosmic ray on the ground, double beta decay
experiment, proton decay experiment, dark matter de-
tection, neutrino detection experiment and so on.
[0003] From prior art one should refer to
W02015139344 A1 (Institute of High Energy Physics of
the Chinese Academy of Sciences (CAS) et al.) disclos-
ing a photomultiplier of electrostatic focusing micro-chan-
nel plates.

[0004] References should also be made to
CN105570750 A (Southeast university), regarding a ta-
ble lamp with an illumination range capable of being ad-
justed and controlled.

[0005] Furthermore references should be made to
JPH02288145 A (Burle Technologies) regarding an op-
toelectronic multiplier

[0006] Finally, from prior art one should also refer to
EP0713243 A (Hamamatsu Photonics KK), regarding a
Electron multiplier.

[0007] At present, the technical scheme of photomul-
tiplier tubes, especially those with large size, are mostly
of dynode type, which have complex structure and rela-
tively weak time response. Meanwhile, microchannel
plate photomultiplier tubes have better time response,
and the parameters such as TTS can be furtherimproved
with expandable focusing electrode. However, due to
various technical conditions, especially the limitation on
the size of the focusing electrode, it is difficult to obtain
higher collection efficiency.

Summary of the Invention

[0008] The purpose of the Invention is to provide an
automatic expansion type focusing electrode for photo-
multiplier tube with superior time response and a photo-
multiplier tube with the focusing electrode.

[0009] The above purposes of the Invention are real-
ized through the technical features of the independent
claims, and the dependent claims develop the technical
features of the independent claims in alternative or favo-
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rable manners.

[0010] To achieve the above purposes, the Invention
provides an automatic expansion type focusing electrode
for photomultiplier tube according to claim 1 to 4, com-
prising a fixed hold-down mechanism, expandable
blades, a trigger pedal, a trigger wire and a trigger ring,
wherein:

The fixed hold-down mechanism comprises an an-
nular bottom plate and torsion springs and rotating
shafts arranged on the bottom plate, wherein the tor-
sion springs are wound around the rotating shafts;
The multiple expandable blades are arranged along
the edge of the bottom plate and are mounted around
the rotating shafts in a rotating manner; the multiple
expandable blades are fixed vertically over the bot-
tom plate in the initial state, held down by the trigger
ring to be folded together in an annular shape and
to present in a folded condition;

The torsion springs are arranged one-to-one with the
expandable blades, with one end of each torsion
spring fixed to the expandable blade and the other
end to the bottom plate, and the torsion springs are
arranged to make the expandable blades expand
towards the radial dimension of the focusing elec-
trode and to provide a pretightening force;

The trigger pedal, the trigger wire and the trigger ring
constitute an automatic trigger mechanism;

One end of the trigger wire is fixed to the trigger pedal
and the other end to the trigger ring;

The trigger pedal is arranged to drive the trigger wire
to move when being triggered so as to release the
multiple expandable blades from the folded condition
due to being held down by the trigger ring and to
enter into an expanded condition by the pretighten-
ing force from the torsion springs.

[0011] In an embodiment, the trigger pedal is located
close to the bottom plate and stretches outward and is
arranged to be blocked by the edge of the spherical glass
shell when the focusing electrode is sealed with indium
into the spherical shell to make it move in the opposite
direction of the moving direction of the focusing electrode
and drive the trigger wire to move synchronously to re-
lease the fastener on the trigger ring and further release
the multiple expandable blades from being folded by the
trigger ring, so as to make the expandable blades enter
into releasable condition and rotate and position along
the rotating shaft on the edge of the fixed hold-down
mechanism in the presence of the pretightening force of
the torsion springs and make the focusing electrode enter
into an expanded condition.

[0012] In another embodiment, the external diameter
of the focusing electrode is smaller than 90mm when the
expandable blades are in the folded condition in the initial
state.

[0013] In another embodiment, the external diameter
of the focusing electrode is greater than 175mm when
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the expandable blades are in the expanded condition af-
ter being released.

[0014] In another embodiment, the bottom plate is a
metal plate.

[0015] According to the disclosure of the present in-
vention, it further provides a photomultiplier tube accord-
ing to claims 5 to 8.comprising:

a high-vacuum sealed shell composed of a spherical
part and a transitional sealing part, with the interior
of the shell under an ultra-high vacuum condition;
a high quantum efficiency photocathode placed on
the inner surface of the high-vacuum sealed shell;
an automatic expansion type focusing electrode ac-
cording to the present invention, arranged to collect
photoelectrons generated by the high quantum effi-
ciency photocathode, the automatic expansion type
focusing electrode being located in the interior of the
high-vacuum sealed shell;

an electron multiplier placed under the automatic ex-
pansion type focusing electrode and arranged to
multiply the photoelectrons collected by it;

a lead wire system placed under the electron multi-
plier and passing through the transitional sealing part
of the high-vacuum sealed shell is arranged to ex-
tract electrical signals.

[0016] In another embodiment, the automatic expan-
sion type focusing electrode is located in the interior of
the high-vacuum sealed shell and between the high
quantum efficiency photocathode and the electron mul-
tiplier and is arranged to collect photoelectrons generat-
ed by the high quantum efficiency photocathode.
[0017] In another embodiment, the high-vacuum
sealed shell is made of high temperature insulating ma-
terials with high transmittance and low reflectance, with
the shape of spherical structure, ellipsoidal structure with
smooth transition of multiple circular arcs or cylindrical
structure.

[0018] In another embodiment, the high quantum effi-
ciency photocathode is constructed as a semiconductor
film plated by evaporation on the inner surface of the
high-vacuum sealed shell thatis arranged to convert pho-
tons into electrons.

[0019] In another embodiment, the electron multiplier
uses two microchannel plates as its multiplier elements,
the two microchannel plates being connected in series
and under superposition, and the working voltage being
loaded respectively.

[0020] According to the above technical scheme, the
automatic expansion type focusing electrode and the
photomultiplier tube of the Invention have significantben-
eficial effects compared with the prior art:

1) By adopting the automatic expansion type focus-
ing electrode as the electron collector of the photo-
multiplier tube, it is able to effectively increase the
radial dimension of the electron collector, thus sig-
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nificantly improving the time response of the photo-
multiplier tube, especially the transit time spread
(TTS);

2) By adopting the automatic expansion type focus-
ing electrode as the electron collector of the photo-
multiplier tube, it is able to effectively improve the
collection ability of electron collector to the electron
generated by the high quantum efficiency photocath-
ode, thus improving the detection efficiency of the
sample tube;

3) The electron multiplier is used in conjunction with
the automatic expansion type focusing electrode to
multiply the electron it collects and the microchannel
plate is used as the core multiplier to realize ultra-
high efficiency, greatly simplify the complexity of
structure and reduce the costs of lead wire system
and voltage loading system;

4) The photomultiplier tube based on automatic ex-
pansion type focusing electrode adopts the axisym-
metric design scheme, exhibiting good uniformity,
including cathode uniformity and anode uniformity.

[0021] It should be understood that all combinations of
the above ideas and the additional ideas described in
more detail below may be considered as part of the sub-
ject matter of the present disclosure provided that such
ideas are not contradictory. Moreover, all combinations
of the subject matter being claimed for protection are
considered as part of the subject matter of the present
disclosure.

[0022] The above and other aspects, embodiments
and features of the present invention can be better un-
derstood from the following description with reference to
the drawings. Other additional aspects of the Invention,
such as the features and/or beneficial effects of exem-
plary embodiments, will be apparent in the following de-
scription or will be understood through practice of the
specific embodiments in accordance with the presentin-
vention.

Brief Description of the Drawings

[0023] The drawings are not prepared in proportion. In
the drawings, the same or nearly the same components
shown in each drawing may be represented by the same
symbols. For clarity, not every component is marked in
the drawings. Embodiments of various aspects of the
presentinvention will be described by examples and with
reference to the drawings, wherein:

Fig. 1 is the structural diagram of the photomultiplier
tube based on the automatic expansion type focus-
ing electrode according to the present invention.
Figs. 2A-2B are the structural diagrams of the auto-
matic expansion type focusing electrode according
to the present invention, wherein Fig. 2A is the dia-
gram of the focusing electrode under folded condi-
tion and Fig. 2B under the expanded condition.
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Fig. 3 is the diagram for the connection between the
electron multiplier and the automatic expansion type
focusing electrode according to the present inven-
tion.

Fig. 4 is the diagram for the connection between the
electron multiplier and the connecting system and
the lead wire system according to the presentinven-
tion.

Fig. 5is the diagram for the process of indium sealing
according to the present invention.

Detailed Description of the Preferred Embodiments

[0024] In order to better understand the technical con-
tent of the present invention, specific embodiments in
combination with accompanying drawings are described
below.

[0025] Inthe presentdisclosure, various aspects of the
present invention are described with reference to the
drawings, which show multiple illustrative embodiments.
The embodiments of the present disclosure are not nec-
essarily intended to cover all aspects of the Invention. It
should be understood that the multiple ideas and embod-
iments described above as well as those ideas and em-
bodiments described in detail below, may be implement-
ed in any of multiple ways, which is because that the
ideas and embodiments disclosed in the Invention are
not limited to any embodiment. Moreover, some aspects
of the Invention may be used alone or in any appropriate
combination with other aspects of the Invention.

[0026] Inconjunction with Fig. 1, the Invention provides
a photomultiplier tube with automatic expansion type fo-
cusing electrode comprising a high-vacuum sealed shell
101, an automatic expansion type focusing electrode
102, a high quantum efficiency photocathode 103, an
electron multiplier 104 and a lead wire system (including
connecting structure) 105.

[0027] The high-vacuum sealed shell 101 keeps the
interior of the photomultiplier tube under ultra-high vac-
uum condition and acts as the attached substrate for the
photocathode 103.

[0028] High quantum efficiency photocathode 103 is
plated by evaporation on the specific area (for example,
the upper part) of the inner surface of the high-vacuum
sealed shell 101. When the photon from outside is inci-
dent onto the surface of the glass shell with a high quan-
tum photocathode plated inside by evaporation, the pho-
tocathode converts the photon into electrons.

[0029] The automatic expansion type focusing elec-
trode 102 acts as the collector of the photomultiplier tube
and is used to collect and multiply the electrons gener-
ated by the high quantum efficiency photocathode to the
electron multiplier.

[0030] The automatic expansion type focusing elec-
trode 102 is in the folded condition in the initial state (i.e.,
before expansion), and the focusing electrode is trig-
gered by the high-vacuum sealed shell 101 (i.e. the glass
shell) at the final sealing to expand within the glass shell,
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so as to realize the expansion of the focusing electrode
towards the radial dimension, and further improve the
collection ability of the focusing electrode to electrons
and the time response.

[0031] The electron multiplier 104 is connected to the
bottom of the focusing electrode 102 to multiply and out-
put the electrons collected by the focusing electrode 102.
The electron multiplier 104 adopts a multiplier mecha-
nism with at least two microchannel plates connected in
series.

[0032] Theleadwire system 105 acts asthe supporting
part of the automatic expandable focusing electrode and
the electron multiplier, and simultaneously extracts the
electrons multiplied by the electron multiplier.

[0033] As shownin Figs. 1, 2A and 2B, the high quan-
tum efficiency photocathode 103, the automatic expan-
sion type focusing electrode 102 and the electron multi-
plier 104 are all placed in the glass vacuum vessel, i.e.
the high-vacuum sealed shell 101.

[0034] The high-vacuum sealed shell 101 is made of
high temperature insulating materials with high transmit-
tance and low reflectance, with the shape of spherical
structure. The present embodiment illustrates the Inven-
tion in detail with a glass vacuum vessel 101. The interior
of the shell is under ultra-high vacuum condition and is
composed of a spherical part and a transitional sealing
part.

[0035] The high quantum efficiency photocathode 103
is a semiconductor film plated by evaporation on the inner
surface of the high-vacuum sealed shell that converts
photons into electrons.

[0036] The automatic expansion type focusing elec-
trode 102, the electron multiplier 104 and the lead wire
system 105 are connected into a whole, which is then
sealed into the glass vacuum vessel 101 through indium
sealing. After sealing, the automatic expansion type fo-
cusing electrode 102 is on the central axis of the glass
vacuum vessel 101 and under the center of the ellipsoid,
and the electron multiplier 104 is under the automatic
expansion type focusing electrode 102, which are con-
nected together through welding. The lead wire system
105 runs through the electron multiplier 104 to extract
the electrodes to be loaded with voltage to the outside
of the glass vacuum vessel 101 to facilitate the loading
of voltage.

[0037] The electron multiplier 104 uses microchannel
plates as its multiplier elements and the two microchan-
nel plates are connected in series and under superposi-
tion, and the working voltage is loaded respectively.
[0038] As shown in Fig. 1, voltage is loaded onto the
photomultiplier tube in accordance with the operation re-
quirements when the whole photomultiplier tube is in op-
eration. When weak photons irradiate on the high quan-
tum efficiency photocathode 103, the photocathode con-
verts the photon into electron. At this time, the automatic
expansion type focusing electrode 102 collects the con-
verted electrons onto the electron multiplier 104, which
multiplies the electrons. The multiplied electrons are ex-
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tracted to the outside of the photomultiplier tube through
the connection and the lead wire system 105. After read-
ing and processing of the signals, it is possible to detect
the weak photon.

[0039] In conjunction with Figs. 1, 2A and 2B, as a pre-
ferred embodiment, the automatic expansion type focus-
ing electrode 102 is used for collecting photoelectrons
generated by the high quantum efficiency photocathode
and is located in the interior of the high-vacuum sealed
shell.

[0040] The automatic expansion type focusing elec-
trode 102 is automatically triggered to expand towards
the radial dimension when sealed with indium to the tran-
sitional sealing part. The automatic expansion type fo-
cusing electrode 102 has multiple expandable blades
201 which can expand after being triggered; the multiple
expandable blades 201 have two conditions: the folded
condition in an annular shape with blades being held
down and the expanded condition with blades expanding
towards the radial dimension of the focusing electrode;
in the expanded condition, the multiple expandable
blades are tensioned and positioned with help of the tor-
sion springs. In conjunction with Figs. 2A and 2B, the
automatic expansion type focusing electrode 102 com-
prises multiple expandable blades 201, afixed hold-down
mechanism 202, a trigger pedal 203, a trigger wire 204
and a trigger ring 205.

[0041] The fixed hold-down mechanism 202 compris-
es an annular bottom plate 202A and torsion springs
202B and rotating shafts 202C arranged on the bottom
plate, wherein the torsion springs are wound around the
rotating shafts.

[0042] The expandable blades 201 are arranged along
the edge of the bottom plate and can be mounted around
the rotating shafts in a rotating manner. The expandable
blades 201 are fixed vertically over the bottom plate in
the initial state, held down by the trigger ring 205 to be
folded together in an annular shape and to present in a
folded condition. The torsion springs 202B are arranged
one-to-one with the expandable blades 201, with one end
of each torsion spring fixed to the expandable blade and
the other end to the bottom plate. Each torsion spring
has the tendency to make the expandable blades expand
towards the radial dimension of the focusing electrode
and can provide a pretightening force.

[0043] The trigger pedal 203, the trigger wire 204 and
the trigger ring 205 constitute an automatic trigger mech-
anism.

[0044] One end of the trigger wire 204 is fixed to the
trigger pedal 203 and the other end to the trigger ring 205.
[0045] The trigger pedal 203 is arranged to drive the
trigger wire 204 to move when being triggered so as to
release the multiple expandable blades 201 from the fold-
ed condition due to being held down by the trigger ring
205 and to enter into an expanded condition by the
pretightening force from the torsion springs 202B.
[0046] In conjunction with Figs. 2A and 2B, the trigger
pedal 203 is located close to the bottom plate and stretch-
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es outward and is arranged to be blocked by the edge of
the spherical glass shell when the focusing electrode is
sealed with indium into the spherical shell (i.e. the glass
vacuum vessel 101) to make it move in the opposite di-
rection of the moving direction of the focusing electrode
and drive the trigger wire 204 to move synchronously to
release the fastener on the trigger ring 205 and further
release the multiple expandable blades 201 from being
folded by the trigger ring, so as to make the expandable
blades enter into releasable condition and rotate and po-
sition along the rotating shaft on the edge of the fixed
hold-down mechanism in the presence of the pretighten-
ing force of the torsion springs 202B and make the fo-
cusing electrode enter into an expanded condition.
[0047] Preferably, the external diameter of the focus-
ing electrode is smaller than 90mm when the expandable
blades are in the folded condition in the initial state.
[0048] Preferably, the external diameter of the focus-
ing electrode is greater than 175mm when the expand-
able blades are in the expanded condition after being
released.

[0049] As shownin Figs. 2A and 2B, the working proc-
ess of the automatic expansion type focusing electrode
102 is as follows:

The automatic expansion type focusing electrode 102
has two conditions: folded condition (as shown in Fig.
2A) and expanded condition (as shown in Fig. 2B). In the
folded condition, the expandable blades 201 are folded
by the trigger ring 205 and are fixed vertically over the
fixed hold-down mechanism 202. At this time, the exter-
nal diameter of the automatic expansion type focusing
electrode 102 is smaller than 90mm. When indium seal-
ing is carried out for the photomultiplier tube, the auto-
matic expansion type focusing electrode 102 rises and
passes through the neck of the glass vacuum vessel 101.
At this time, the bottom end of the glass vacuum vessel
101 will touch the trigger pedal 203, and the trigger pedal
203 will pull down the trigger wire 204 connected with it,
thereby unlocking the fastener of the trigger ring 205. At
this time, the expandable blades 201 are released from
being folded by the trigger ring 205, and the expandable
blades 201 are made to rotate and position along the
rotating shaft on the edge of the fixed hold-down mech-
anism 202 in the presence of the force of the torsion
springs on the fixed hold-down mechanism 202, thus
making the automatic expansion type focusing electrode
102 to enter into an expanded condition. In the expanded
condition, the external diameter of the automatic expan-
sion type focusing electrode 102 is greater than 175mm.
[0050] Fig. 3isthe diagram for the connection between
the electron multiplier 104 and the automatic expansion
type focusing electrode 102 according to the present in-
vention. As shown in Fig. 3, the electron multiplier 104
is mainly composed of a multiplier element and an elec-
tron collecting structure. The embodiment illustrates the
Invention in detail with two microchannel plates under
superposition as a multiplier element, but it does not act
as the limitation to the implementation of the Invention.
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Wherein, the microchannel plate 1301 is located at the
center under the automatic expansion type focusing elec-
trode 102, the microchannel plate 2302 is located under
the microchannel plate 1301, and the two microchannel
plates are used under superposition to achieve a gain
above 1 X 107. The electrons converge on the anode
strip 303 after being amplified by the two microchannel
plates, thereby facilitating the extraction, reading and
processing of subsequent signals. The position of the
electron multiplier 104 and the automatic expansion type
focusing electrode 102 is shown in Fig. 3. The electron
multiplier 104 is under the automatic expansion type fo-
cusing electrode 102, and the two components are con-
nected together through spot welding. At this time, the
multiplier element is in the lower central of the automatic
expansion type focusing electrode 102, which facilitates
to converge and multiply the electrons collected onto its
upper surface.

[0051] Fig. 4 isthe diagramforthe connection between
the electron multiplier 104 and the lead wire system 105
according to the present invention. As shown in Fig. 4,
the lead wire system 105 is primarily used to extract the
relevant electrodes to be loaded with voltage of the elec-
tron multiplier 104 and the automatic expansion type fo-
cusing electrode 102 and at the same time to extract the
signals on the anode strip 303.

[0052] Wherein, the lead wire system 105 mainly com-
prises the following: the input electrode 401 of the micro-
channel plate 1, the output electrode 402 of the micro-
channel plate 1, the input electrode 407 of the microchan-
nel plate 2, the output electrode 408 of the microchannel
plate 2, the anode output electrode 403, the output elec-
trode 406 of the expandable focusing electrode, the tran-
sitional fastener 404 and the indium sealed lower kovar
disc 405. Voltage can be loaded separately to each elec-
trode extracted. These input and output electrodes can
be realized by adopting existing ways and will not be
described in the present invention.

[0053] Fig. 5 is the diagram for the process of indium
sealing according to the present invention. The process
ofindium sealing is to seal the indium sealed upper kovar
disc 501 and the indium sealed lower kovar disc 405 by
using indium-tin alloy 502 as the sealing solder, so as to
ensure that the interior of the glass vacuum vessel 101
is in a high-vacuum condition.

[0054] Wherein, the whole indium sealing process of
the photomultiplier tube in the presentinvention is carried
out automatically in the chamber of ultra-high vacuum
equipment. Before sealing, the automatic expansion type
focusing electrode 102, the electron multiplier 104 and
the lead wire system 105 are connected into a whole,
which is located under the glass vacuum vessel 101. At
this time, the automatic expansion type focusing elec-
trode 102 is in the folded condition. The automatic ex-
pansion type focusing electrode 102, the electron multi-
plier 104 and the lead wire system 105, as a whole, is
called as the tube-core assembly. When the indium seal-
ing process starts, the tube-core assembly begins torise.

10

15

20

25

30

35

40

45

50

55

When the automatic expansion type focusing electrode
102 gets in touch with the bottom of the glass vacuum
vessel 101, expansion is triggered and the tube-core as-
sembly continues to rise until the indium sealed upper
kovar disc 501 and the indium sealed lower kovar disc
405 get in touch and are compressed tightly. During the
whole process of indium sealing, the indium-tin alloy 502
is in molten condition all the time.

[0055] Meanwhile, as shown in Figs. 2A and 2B, the
tube-core assembly and the high-vacuum sealed shell
101 are sealed together in vacuum equipment in a fully
automatic manner. During the sealing process, the trig-
ger mechanism of the automatic expansion type focusing
electrode 102 is triggered, thus realizing the expansion
of the automatic expansion type focusing electrode 102
as well as the expansion towards the radial dimension
of the focusing electrode.

[0056] Although the present invention has been dis-
closed through the preferred embodiment as described
above, they are notintended to limitthe Invention. Chang-
es and variations may be made by those who have com-
mon knowledge in the field of the Invention. Therefore,
the protection scope of the Invention shall be as defined
in the Claims.

Claims

1. An automatic expansion type focusing electrode
(102) for photomultiplier tube, comprising a fixed
hold-down mechanism (202), expandable blades
(201), a trigger pedal (203), a trigger wire (204) and
a trigger ring (205), wherein:

the fixed hold-down mechanism (202) compris-
es an annular bottom plate (202A) and torsion
springs (202B) and rotating shafts (202C) ar-
ranged on the bottom plate (202A), wherein the
torsion springs (202B) are wound around the ro-
tating shafts (202C);

the multiple expandable blades (201) are ar-
ranged along the edge of the bottom plate
(202A) and are mounted around the rotating
shafts (202C) in a rotating manner; the multiple
expandable blades (201) are fixed vertically
over the bottom plate (202A) in the initial state,
held down by the trigger ring (205) to be folded
together in an annular shape and to present in
a folded condition;

the torsion springs (202B) are arranged one-to-
one with the expandable blades (201), with one
end of each torsion spring fixed to the expand-
able blade (201) and the other end to the bottom
plate (202A), and the torsion springs (202B) are
arranged to make the expandable blades (201)
expand towards the radial dimension of the fo-
cusing electrode and to provide a pretightening
force;
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the trigger pedal (203), the trigger wire (204) and
the triggerring (205) constitute an automatic trig-
ger mechanism;

one end of the trigger wire (204) is fixed to the
trigger pedal (203) and the other end to the trig-
ger ring (205);

the trigger pedal (203) is arranged to drive the
trigger wire (204) to move when being triggered
so as to release the multiple expandable blades
(201) from the folded condition due to being held
down by the trigger ring (205) and to enter into
an expanded condition by the pretightening
force from the torsion springs (202B).

An automatic expansion type focusing electrode
(102) for photomultiplier tube according to Claim 1,
wherein, the trigger pedal (203) is located close to
the bottom plate (202A) and stretches outward and
is arranged to be blocked by an edge of a spherical
glass shell when the focusing electrode is sealed
with indium into a spherical shell to make it move in
the opposite direction of the moving direction of the
focusing electrode and drive the trigger wire (204)
to move synchronously to release the fastener on
the trigger ring (205) and further release the multiple
expandable blades (201) from being folded by the
trigger ring (205), so as to make the expandable
blades (201) enter into a releasable condition and
rotate and position along the rotating shaft (202C)
on an edge of the fixed hold-down mechanism (202)
in the presence of the pretightening force of the tor-
sion springs (202B) and make the focusing electrode
enter into an expanded condition.

An automatic expansion type focusing electrode
(102) for photomultiplier tube according to Claim 1,
wherein, the external diameter of the focusing elec-
trode is less than 90 mm when the expandable
blades (201) are in the folded condition in the initial
state.

An automatic expansion type focusing electrode
(102) for photomultiplier tube according to Claim 1,
wherein, the external diameter of the focusing elec-
trode is greater than 175 mm when the expandable
blades (201) are in the expanded condition after be-
ing released.

A photomultiplier tube comprising:

a high-vacuum sealed shell (101) composed of
a spherical part and a transitional sealing part,
with the interior of the shell under an ultra-high
vacuum condition;

a photocathode (103) placed on the inner sur-
face of the high-vacuum sealed shell (101);

an automatic expansion type focusing electrode
(102) according to any one of claim 1 to 4, ar-
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ranged to collect photoelectrons generated by
the high quantum efficiency photocathode
(103), the automatic expansion type focusing
electrode (102) being located in the interior of
the high-vacuum sealed shell (101);

an electron multiplier (104) placed under the au-
tomatic expansion type focusing electrode (102)
and arranged to multiply the photoelectrons col-
lected by it;

a lead wire system (105) placed under the elec-
tron multiplier (104) and passing through the
transitional sealing part of the high-vacuum
sealed shell (101) is arranged to extract electri-
cal signals.

A photomultiplier tube according to claim 5, wherein,
the automatic expansion type focusing electrode
(102) is located in the interior of the high-vacuum
sealed shell (101) and between the photocathode
(103) and the electron multiplier (104) and is ar-
ranged to collect photoelectrons generated by the
high quantum efficiency photocathode (103).

A photomultiplier tube according to claim 5 or 6,
wherein, the photocathode (103) is constructed as
a semiconductor film plated by evaporation on the
inner surface of the high-vacuum sealed shell (101)
that is arranged to convert photons into electrons.

A photomultiplier tube according to claim 6 or 7,
wherein, the electron multiplier (104) uses two mi-
crochannel plates as its multiplier elements, the two
microchannel plates being connected in series and
under superposition, and the working voltage being
loaded respectively.

Patentanspriiche

1.

Fokussierelektrode (102) eines automatischen Ex-
pansionstyps fiir eine Photovervielfacherréhre, um-
fassend einen feststehenden Niederhaltemechanis-
mus (202), expandierbare Fligel (201), ein Ausl6-
sepedal (203), einen Auslésedraht (204) und einen
Auslésering (205), wobei:

der feststehende Niederhaltemechanismus
(202) eine ringférmige Bodenplatte (202A) und
Torsionsfedern (202B) und rotierende Wellen
(202C), die an der Bodenplatte (202A) angeord-
net sind, umfasst, wobei die Torsionsfedern
(202B) um die rotierenden Wellen (202C) gewi-
ckelt sind;

die mehreren expandierbaren Fligel (201) ent-
lang der Kante der Bodenplatte (202A) ange-
ordnet sind und um die rotierenden Wellen
(202C) in einer rotierenden Weise angebracht
sind; wobei die mehreren expandierbaren Fli-
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gel (201) im Ausgangszustand vertikal Gber der
Bodenplatte (202A) fixiert sind, wobei sie durch
den Auslésering (205) so niedergehalten wer-
den, dass sie in einer ringférmigen Form zusam-
mengefaltet sind und sich in einem gefalteten
Zustand prasentieren;

die Torsionsfedern (202B) eins-zu-eins mit den
expandierbaren Fliigeln (201) angeordnet sind,
wobei ein Ende jeder Torsionsfeder an dem ex-
pandierbaren Fliigel (201) und das andere Ende
anderBodenplatte (202A)fixiert ist, und die Tor-
sionsfedern (202B) so angeordnetsind, dass sie
die expandierbaren Fligel (201) veranlassen,
hin zu der radialen Abmessung der Fokussier-
elektrode zu expandieren und eine Vorspann-
kraft bereitzustellen;

das Ausldsepedal (203), der Auslésedraht (204)
und der Auslésering (205) einen automatischen
Auslésemechanismus bilden;

ein Ende des Auslésedrahts (204) an dem Aus-
I6sepedal (203) und das andere Ende an dem
Auslosering (205) fixiert ist;

das Ausldsepedal (203) angeordnetist, bei Aus-
I6sen den Auslésedraht (204) anzutreiben, sich
so zu bewegen, dass die mehreren expandier-
baren Fliigel (201) aus dem gefalteten Zustand
aufgrund des Niedergedriicktwerdens durch
den Ausldsering (205) gel6st werden und durch
die Vorspannkraft von den Torsionsfedern
(202B) in einen expandierten Zustand eintreten.

Fokussierelektrode (102) eines automatischen Ex-
pansionstyps fir eine Photovervielfacherréhre nach
Anspruch 1, wobei sich das Auslésepedal (203) na-
he zu der Bodenplatte (202A) befindet und nach au-
Ren erstreckt und angeordnet ist, durch eine Kante
einer Glaskugelschale blockiert zu werden, wenn die
Fokussierelektrode mit Indium in einer Kugelschale
versiegelt ist, um es zu veranlassen, sich in die ent-
gegengesetzte Richtung zu der Bewegungsrichtung
der Fokussierelektrode zu bewegen und den Ausl6-
sedraht (204) anzutreiben, sich synchron so zu be-
wegen, dass das Befestigungselement an dem Aus-
I6sering (205) geldst wird und ferner die mehreren
expandierbaren Fligel (201) aus dem Gefaltetsein
durch den Auslésering (205) geldst werden, um die
expandierbaren Fligel (201) zu veranlassen, in ei-
nen lésbaren Zustand einzutreten und zu rotieren
und sich entlang der rotierenden Welle (202C) an
einer Kante des feststehenden Niederhaltemecha-
nismus (202) in Gegenwart der Vorspannkraft der
Torsionsfedern (202B) zu positionieren und die Fo-
kussierelektrode zu veranlassen, in einen expan-
dierten Zustand einzutreten.

Fokussierelektrode (102) eines automatischen Ex-
pansionstyps fir eine Photovervielfacherréhre nach
Anspruch 1, wobei der Aufsendurchmesser der Fo-
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5.

kussierelektrode kleiner als 90 mm ist, wenn sich die
expandierbaren Fligel (201) in dem gefalteten Zu-
stand im Ausgangszustand befinden.

Fokussierelektrode (102) eines automatischen Ex-
pansionstyps fur eine Photovervielfacherrohre nach
Anspruch 1, wobei der Auflendurchmesser der Fo-
kussierelektrode groRer als 175 mm ist, wenn sich
die expandierbaren Fllgel (201) in dem expandier-
ten Zustand nach einem Auslosen befinden.

Photovervielfacherrohre, umfassend:

eine versiegelte Hochvakuumschale (101), die
aus einem Kugelteil und einem Ubergangsver-
siegelungsteil besteht, wobei sich das Innere
der Schale in einem Ultra-Hochvakuumzustand
befindet;

eine Photokathode (103), die an der Innenflache
der versiegelten Hochvakuumschale (101) plat-
ziert ist;

eine Fokussierelektrode (102) eines automati-
schen Expansionstyps nach einem der Anspri-
che 1 bis 4, die angeordnet ist, durch die Pho-
tokathode (103) mit hoher Quantenausbeute er-
zeugte Photoelektronen aufzunehmen, wobei
sich die Fokussierelektrode (102) eines automa-
tischen Expansionstyps im Inneren der versie-
gelten Hochvakuumschale (101) befindet;
einen Elektronenvervielfacher (104), der unter
der Fokussierelektrode (102) eines automati-
schen Expansionstyps platziert und angeordnet
ist, die durch sie aufgenommenen Photoelekt-
ronen zu vervielfachen;

wobei ein Anschlussdrahtsystem (105), das un-
ter dem Elektronenvervielfacher (104) platziert
ist und durch den Ubergangsversiegelungsteil
der versiegelten Hochvakuumschale (101) ver-
lauft, angeordnet ist, elektrische Signale zu ex-
trahieren.

Photovervielfacherrdhre nach Anspruch 5, wobei
sich die Fokussierelektrode (102) eines automati-
schen Expansionstyps im Inneren der versiegelten
Hochvakuumschale (101) und zwischen der Photo-
kathode (103) und dem Elektronenvervielfacher
(104) befindet und angeordnet ist, durch die Photo-
kathode (103) mit hoher Quantenausbeute erzeugte
Photoelektronen aufzunehmen.

Photovervielfacherrohre nach Anspruch 5 oder 6,
wobei die Photokathode (103) als ein Halbleiterfilm
ausgestaltet ist, der durch Verdampfung auf die In-
nenflaiche der versiegelten Hochvakuumschale
(101) plattiert ist, die angeordnet ist, Photonen in
Elektronen umzuwandeln.

Photovervielfacherrohre nach Anspruch 6 oder 7,
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wobei der Elektronenvervielfacher (104) zwei Mikro-
kanalplatten als seine Vervielfacherelemente nutzt,
wobei die zwei Mikrokanalplatten in Reihe und unter
Uberlagerung verbunden sind, und die Arbeitsspan-
nung entsprechend gespeist wird.

Revendications

Electrode de focalisation de type & agrandissement
automatique (102) pour tube photomultiplicateur,
caractérisée en ce qu’elle comprend un mécanis-
me de retenue fixe (202), des lames agrandissables
(201), une pédale de déclenchement (203), un fil de
déclenchement (204) et une bague de déclenche-
ment (205), dans laquelle :

le mécanisme de retenue fixe (202) comprend
une plaque inférieure annulaire (202A) et des
ressorts de torsion (202B) et des arbres rotatifs
(202C) agenceés sur la plaque inférieure (202A),
danslaquelle les ressorts de torsion (202B) sont
enroulés autour des arbres rotatifs (202C) ;

les multiples lames agrandissables (201) sont
agenceées le long du bord de la plaque inférieure
(202A) et sont montées autour des arbres rota-
tifs (202C) de maniere rotative ; les multiples la-
mes agrandissables (201) sont fixées verticale-
ment sur la plaque inférieure (202A) dans I'état
initial, retenues par la bague de déclenchement
(205) pour étre pliées ensemble en une forme
annulaire et pour se présenter dans une condi-
tion pliée ;

les ressorts de torsion (202B) sont agencés un-
a-un avec les lames agrandissables (201), avec
une extrémité de chaque ressortde torsion fixée
alalame agrandissable (201) et 'autre extrémi-
té a la plaque inférieure (202A), et les ressorts
de torsion (202B) sont agencés pour faire en
sorte que les lames agrandissables (201)
s’agrandissent vers la dimension radiale de
I'électrode de focalisation et pour fournir une for-
ce de préserrage ;

la pédale de déclenchement (203), le fil de dé-
clenchement (204) et la bague de déclenche-
ment (205) constituent un mécanisme de dé-
clenchement automatique ;

une extrémité du fil de déclenchement (204) est
fixée a la pédale de déclenchement (203) et
l'autre extrémité a la bague de déclenchement
(205) ;

la pédale de déclenchement (203) est agencée
pour forcer le fil de déclenchement (204) a se
déplacer lors du déclenchement afin de libérer
les multiples lames agrandissables (201) a partir
de la condition pliée due a I'état retenu par la
bague de déclenchement (205) et pour entrer
dans une condition agrandie grace a la force de
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préserrage provenant des ressorts de torsion
(202B).

Electrode de focalisation de type & agrandissement
automatique (102) pour tube photomultiplicateur se-
lon la revendication 1, dans laquelle la pédale de
déclenchement (203) est située prés de la plaque
inférieure (202A) et s’étire vers I'extérieur et est
agenceée pour étre bloquée par un bord d’'une enve-
loppe en verre sphérique lorsque I'électrode de fo-
calisation est scellée avec de l'indium dans une en-
veloppe sphérique pour faire en sorte qu’elle se dé-
place dans la direction opposée de la direction de
déplacement de I'électrode de focalisation et forcer
le fil de déclenchement (204) a se déplacer de fagon
synchrone pour libérer le dispositif de fixation sur la
bague de déclenchement (205) et en outre libérer
les multiples lames agrandissables (201) a partir de
I’état plié par la bague de déclenchement (205), afin
de faire en sorte que les lames agrandissables (201)
entrent dans une condition libérable et entrent en
rotation et se positionnent le long de 'arbre rotatif
(202C) sur un bord du mécanisme de retenue fixe
(202) en présence de la force de préserrage des
ressorts de torsion (202B) et de faire en sorte que
I'électrode de focalisation entre dans une condition
agrandie.

Electrode de focalisation de type & agrandissement
automatique (102) pour tube photomultiplicateur se-
lon la revendication 1, dans laquelle le diamétre ex-
terne de I'électrode de focalisation est inférieur a 90
mm lorsque les lames agrandissables (201) sont
dans la condition pliée dans I'état initial.

Electrode de focalisation de type & agrandissement
automatique (102) pour tube photomultiplicateur se-
lon la revendication 1, dans laquelle le diamétre ex-
terne de I'électrode de focalisation est supérieur a
175 mmlorsque les lames agrandissables (201) sont
dans la condition agrandie apreés avoir été libérées.

Tube photomultiplicateur, comprenant :

une enveloppe scellée sous vide poussé (101)
composeée d’'une partie sphérique etd’une partie
de scellage transitionnelle, avec l'intérieur de
I'enveloppe dans une condition sous ultravide ;
une photocathode (103) placée sur la surface
intérieure de l'enveloppe scellée sous vide
pousseé (101) ;

une électrode de focalisation de type a agran-
dissement automatique (102) selon 'une quel-
conque de la revendication 1 a 4, agencée pour
collecter des photoélectrons générés parla pho-
tocathode a haut rendement quantique (103),
I'électrode de focalisation de type a agrandisse-
ment automatique (102) étant située a l'intérieur
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de I'enveloppe scellée sous vide poussé (101) ;
un multiplicateur d’électrons (104) placé sous
I'électrode de focalisation de type a agrandisse-
ment automatique (102) et agencé pour multi-
plier les photoélectrons collectés par celle-ci ;

un systeme de fil de sortie (105) placé sous le
multiplicateur d’électrons (104) et passant a tra-
vers la partie de scellage transitionnelle de I'en-
veloppe scellée sous vide poussé (101) est
agenceé pour extraire des signaux électriques.

Tube photomultiplicateur selon la revendication 5,
dans lequel I'électrode de focalisation de type a
agrandissement automatique (102) est située a l'in-
térieur de I'enveloppe scellée sous vide poussé
(101) et entre la photocathode (103) et le multiplica-
teur d’électrons (104) et est agencée pour collecter
des photoélectrons générés par la photocathode a
haut rendement quantique (103).

Tube photomultiplicateur selon la revendication 5 ou
6, dans lequel la photocathode (103) est construite
sous forme de film semi-conducteur plaqué par éva-
poration surla surface intérieure de I'enveloppe scel-
lée sous vide poussé (101) qui est agencée pour
convertir des photons en électrons.

Tube photomultiplicateur selon la revendication 6 ou
7, dans lequel, le multiplicateur d’électrons (104) uti-
lise deux plagques a micro-canaux en tant que ses
éléments multiplicateurs, les deux plaques a micro-
canaux étant connectées en série et sous superpo-
sition, et la tension de fonctionnement étant chargée
respectivement.
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