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@ X-ray image intensifier and method of manufacturing the same.

@ According to the X-ray image intensifier of the
present invention, supporting means (40, 42) are
provided for the joint portions of envelope elements
which constitute a vacuum envelope, thereby in-
creasing the assembly accuracy thereof. Accord-
ingly, the electrostatic electron lens formed of the
focusing electrodes (26, 28, 30) fixed on the support-
ers operates at an improved accuracy. One embodi-
ment of the invention provides disk like metalic sup-
porting means with a center hole sandwiched be-
fween neighbouring joint portions of the vacuum
envelope (10).
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The present invention relates to an X-ray im-
age intensifier and a method of manufacturing the
same, and more specifically to those having an
improved assembly accuracy.

Conventionally, an X-ray image intensifier in-
cludes a metal-made or glass-made hollow vacuum
envelope, an input window formed on the side
where an X-ray is made incident, an input screen
provided close to the input window, an anode de-
signed for accelerating the electron beam con-
verted from an X-ray by the input screen, a plural-
ity of, for example, three hollow-cylindrical focusing
electrode, arranged between the input screen and
the anode, for focusing elecirons, and an output
screen made of optical glass material, for convert-
ing the electron beam into a visible light image,
and for outputting this image to outside.

The operation of such an X-ray image intensi-
fier is as follows:

First, an X-ray which is supplied from an exter-
nal X-ray source and fransmitted through an object,
etc. is made incident through the input window
onto the input screen and the X-ray image thus
obtained is converted into a visible image by the
fluorescent (phosphor) screen provided on the in-
put screen. Then, the visible image is made in-
cident onto the photoelectric surface also provided
on the input screen, and converted into an electron
image. The electrons forming this electron image is
concentrated by means of an electron lens consist-
ing of a plurality of focusing electrodes. Further,
the electrons are accelerated by the anode, and
are made incident on the output screen, which is
composed of phosphor material on optical glass,
and on which a visible image is formed of the light
emitted from the luminescent material when the
incident electrons hit thereon. This visible image is
further.

In a large X-ray image intensifier of this type,
the metal-made or glass-made hollow vacuum en-
velope is formed of a plurality of envelope ele-
ments welded or bonded with each other. This
envelope has been evacuated and is maintained at
the vacuum state, in which the envelope is pressur-
ized from outside by a force working thereon,
which may deform the envelope itself. In connec-
tion with this, it should be noted that the joint
portions, in particular, welding or bonding the en-
velope elements with each other are structuarlly
weak. Further, these envelope elements must be
arranged accurately in a coaxial manner around the
axis of the tube. Meanwhile, the above-mentioned
focusing electrodes, made of a metal, are formed
into a hollow-cylindrical shape, and must be also
placed accurately around the tube axis. Further,
since different voltages are applied to these focus-
ing electrodes, the electrodes must be electrically
separated from each other. Therefore, convention-
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ally, focusing electrodes are fixed by electrode
supporters welded to the inner wall of a vacuum
envelope.

In this sense, the electrode supporters must be
accurately welded to the inner wall of the vacuum
envelope; however, with the conventional method, it
is not possible to arrange the electrode supporters
with a satisfactory accuracy, or even if it is, very
expensive jigs are needed. In addition, such an
accurate welding process requires very high tech-
niques, and therefore can be performed only by
highly skilled technicians.

In the meantime, recently, usage of X-ray im-
age intensifier has been widened, and large-sized
X-ray image intensifier have been demanded, ac-
cordingly. As the sizes of X-ray image intensifier
enlarge, a vacuum envelope is no longer formed of
a single element, but some envelope elements
need to be jointed with each other. The joint por-
tions of the vacuum envelope are relatively weak to
the other portions, and therefore it is very difficult
fo maintain its assembly efficiency. Further, the
characteristics of the electrostatic electron lens de-
pend very much on this assembly efficiency, and if
the assembly accuracy is low, the electron lens
cannot perform its ability to a full extent.

The present invention has been proposed to
solve the above-described problem, and a purpose
thereof is to provide an X-ray image with a high
assembling accuracy.

Another purpose of the present invention is to
provide an X-ray image intensifier with an improved
quality, which can be achieved by the high assem-
bling efficiency.

An X-ray image intensifier according to the
present invention comprises, an X-ray input win-
dow, input means including a fluorescent
(phosphor) surface for converting the X-ray having
passed the input window into electrons, and a
photoelectric surface, a vacuum envelope formed
of a plurality of envelope elements welded with
each other by joint portions thereof, output means
including a fluorescent screen for fransmitting a
signal converted from an X-ray image, supporting
means arranged between the joint portions of the
envelope elements constituting the vacuum enve-
lope, and a plurality of focusing electrodes sup-
ported by the supporting means to concentrating
the electrons from the X-ray input window.

Further, according to the present invention,
there is proposed a method of manufacturing the
X-ray image intensifier comprising the steps of,
arranging focusing electrodes on supporting
means, and forming a vacuum envelope by sand-
wiching the supporting means between joint por-
tions of the envelope elements, and then welding
the neighboring joint portions of the envelope ele-
ments with each other.
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Such an X-ray image intensifier has a high
assembly efficiency and an improved positioning
efficiency of the focusing electrodes, because of
the supporting means.

This invention can be more fully understood
from the following detailed description when taken
in conjunction with the accompanying drawings, in
which:

Fig. 1 shows a cross section of an X-ray image

intensifier according to the first embodiment of

the present invention;

Fig. 2 shows an enlarged cross section of a joint

portion of the vacuum envelope of the X-ray

image intensifier according to the first embodi-
ment; and

Fig. 3 shows an enlarged cross section of a joint

portion of the vacuum envelope of the X-ray

image intensifier according to the second em-
bodiment.

Embodiments of the present invention will now
be described in detail with reference to accom-
panying drawings.

An X-ray image intensifier according to the first
embodiment of the present invention includes a
vacuum envelope 10 formed of a plurality of steel-
made envelope elements 12, 14, and 16, welded
with each other, an input window 18 provided on
the input side, which has a large diameter, of the
vacuum envelope 10, an input screen 20 located
close to the input window 18, an anode 22 pro-
vided on the output side, which has a small diam-
eter, of the vacuum envelope 10, an output screen
24 for detecting an optical image converted from
an X-ray image, and a plurality of, for example,
three focusing electrodes 26, 28, and 30 arranged
between the input screen 20 and the anode 22.

In the vacuum envelope 10, flat donut-shaped
supporters 40 and 42 are welded between each of
the joint surfaces of metal-made envelope ele-
ments 12, 14, and 16. These supporters 40 and 42
are provided for a reinforcement purpose, and thus
the joint portions, which are structurally weak, are
strengthened thereby so that the vacuum envelope
10 can withstand the external pressure.

Mount rings 32 and 36 are provided for mount-
ing the focusing electrodes 26 and 28, and are
placed on a ceramic ring 34 fixed on the supporter
40 and 42. With these mount rings 32 and 36, the
focusing electrodes 26 and 28 are supported in the
vacuum envelope 10, as can be seen in Fig. 1.

The input window 18 is made of aluminum
(AL), or an aluminum alloy which contains, for a
reinforcement purpose, at least one of Si, Cu, Mn
and Mg at about 5% or more. The thickness of the
input window is 0.5-2.0mm. It should be noted
there that the input window 18 is formed into a
convex shape in this embodiment, but the shape of
the window is not stricted to this, and the window
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made of the Ti or Ti-alloy can be formed into, for
example, a flat shape or a concave shape. This
input window 18 is welded to the first envelope
element 12, and the surface of the first envelope
element 12 is plated with nickel. The thickness of
the Ni plate layer is 100 um or less, and should
preferably be 5-20 um. The steel alloy-made first
envelope element 12 and the aluminum-made input
window 18 are heat-pressed and then air-tight joint-
ed with each other.

The input screen 20 is made of aluminum (AL),
and a fluorescent (phosphor) layer 20a made of
Csl/Nal is evaporated thereon. Further, a photo-
electric screen 20b is formed on this fluorescent
(phosphor) layer 20a directly or through a conduc-
tive layer.

The output screen 24 is formed of a ceramic
material, and an output fluorescent (phosphor)
screen 24a is coated thereon. And aluminumback
layer is formed on the output fluorescent screen.

In the meantime, in showed Fig. 2, in order to
joint the second and third envelope elements 14
and 16, which constitute a part of the vacuum
envelope 10, with each other, a flange 46 of the
second envelope element 14, a flange 48 of the
third vacuum envelope 16, and the supporter 42
are welded all together by their entire surfaces.
More specifically, the supporter 42 is sandwiched
between the flanges 46 and 48 such that the ends
of all are flush with each other, and these are
welded with each other by a welding portion 50
located at the end, thus fixing the supporter 42
between the flanges 46 and 48. It should be point-
ed out that, for jointing, a regional heating welding
technique, for example, the insert gas arc welding,
is employed.

The procedure is likewise in jointing the first
and second envelope elements 12 and 14, and the
supporter 40 is sandwiched therebetween such that
the ends are flush with each other, and then weld-
ed.

With the above-mentioned structure, even if an
external pressure works on the envelope 10 due to
a decrease in pressure inside the envelope 10, the
envelope 10 can withstand such an external pres-
sure because of the supporter provided for the joint
portion 50, and thus the envelope is not deformed
very much.

Further, the hollow-cylindrical focusing elec-
frodes 26 and 28 must be arranged coaxially with
the center axis of the image intensifier tube. In this
embodiment, the supporters 40 and 42 on which
the focusing electrodes are fixed, are designed not
only to prevent deformation of the vacuum en-
velope 10, but also to ensure the locations of to-be-
welded portions for a successful positioning. When
this embodiment is applied, in a 12 inch X-ray
image intensifier, the drift of the center axes of the
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focusing electrodes 26 and 28 from the tube axis of
the vacuum envelope 10 can be suppressed as
little as 0.5mm or even less.

In the manufacturing procedure for this X-ray
image intensifier, focusing electrodes arranged in a
vacuum envelope are once fixed on supporters and
then welded to the envelope along with envelope
elements. In this way, arrangement of the focusing
electrodes is very easily performed unlike in the
case where they are directly welded to the inner
wall of a vacuum envelope. Since the positioning of
the focusing electrodes is completed when the
supporter is arranged between the envelope ele-
ments, the focusing electrodes can be very ac-
curately welded to the vacuum envelope.

The second embodiment of the present inven-
tion will now be explained with the drawings in
showed Fig. 3.

It should be first noted that the same reference
numerals designate the same items as those of the
first embodiment, and difference numerals des-
ignate for different items.

The second embodiment has substantially the
same structure as that of the first embodiment
except for the shape of the joint portions. In the
first embodiment, the supporter 42 is sandwiched
between the flanges 46 and 48 to joint the second
and third envelope elements 14 and 16 with each
other by welding. However, in this second embodi-
ment, a cutout 160 is formed in a flange 146 of the
second envelope element 114, and a supporter 142
is placed on this cutout 114. With the supporter
142 being placed on the cutout 114, the supporter
142 is sandwiched between the flange 146 of the
second envelope element 114 and the flange 148
of the third envelope element 116, and then all of
them are welded with each other by a joint portion
160. Since the supporter 142 is already placed at
the cutout 160 before the welding, the positioning
thereof is rarely missed. In this case, the flanges
146 and 148 are welded with each other by the
joint portion 150, whereas the supporter 142 is not
welded along with the others, but the end portion of
the supporter 142 is set into the cutout 160.

As described, each of the supporters provided
at each of the joint portions serves to reinforce the
structurally weak portions, and thus the vacuum
envelope is not deformed very much. Consequent-
ly, the center axis of the focusing electrodes can
be set accurately coaxially with the axis of the
tube. This will lead to a further advantage that
since the external pressure is evenly applied to the
envelope, a positioning drift can be suppressed fo
the minimum degree.

In the second embodiment, the supporters are
set to the cutouts, and then the flanges are welded.
In other words, when the supporter are set to the
cutouts, the positioning of the focusing electrodes
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is completed. Therefore, it is only required that the
focusing electrodes be accurately located at the
supporters, and thus it is very easy to arrange the
focusing electrodes accurately in the vacuum en-
velope. Furthermore, tube characteristic can be
good.

In the above-described embodiments, metal-
made supporters are employed, but, of course,
many types of supporters, for example, ceramic-
made, heat-proof-resin-made, and the like, can be
also used.

Further, the focusing electrodes are fixed to the
supporters by means of various kinds of mount
rings, but they can be directly fixed to supporters
of, for example, ceramic-made.

To summarize, the X-ray image intensifier ac-
cording to the present invention has a structure in
which each of supporting means is provided for
each of joint portions by which envelope electrodes
are welded with each other to form a vacuum
envelope. With this structure, the vacuum enve-
lope, reinforced by the supporters, can withstand
an external pressure. Therefore, the degree of de-
formation of the envelope can be suppressed to
the minimum, and thus the positioning efficiency
for the focusing electrodes set on the supporters
significantly improves.

With the present invention, expensive jigs as
well as a highly-skilled technique, conventionally
required in a welding, are no longer necessary, and
therefore the quality of products, and the productiv-
ity are significantly improved.

Claims

1.  An X-ray image intensifier comprising:

an X-ray input window (18);

input means (20) including a fluorescent
screen, for converting X-rays transmitted
through said X-ray entrance into electrons, and
a photoelectric screen;

a vacuum envelope (10) formed by weld-
ing joint portions of a plurality of envelope
elements (12, 14, 16);

output (24) means including a fluorescent
screen for guiding a signal converted from an
X-ray image to outside;

characterized by comprising:

supporting means (40, 42) sandwiched be-
tween the neighboring joint portions of the
envelope elements constituting said vacuum
envelope; and

a plurality of focusing electrodes (26, 28),
supported by said supporting means, for con-
centrating the electrons from said X-ray input
window.

2. An X-ray image intensifier according to claim
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1, characterized in that each of said supporting
means is metal-made.

An X-ray image intensifier according to claim

1, characterized in that each of said supporting 5
means is formed into a disk-like shape with a
center hole.

An X-ray image intensifier according to claim

1, characterized in that a cutout is formed on 10
each of said joint portions of said envelope
elements, and each of said supporting means

is provided at each of the cutouts.

An X-ray image intensifier according to claim 15
1, characterized in that each of the supporting
means has ring means, with which each of the
supporting means can support a plurality of
focusing electrodes.

20
An X-ray image intensifier according to claim
1, characterized in that said plurality of focus-
ing electrodes have a hollow cylindrical shape.

An X-ray image intensifier according to claim 25
1, characterized in that there are at least three
focusing electrodes.

An X-ray image intensifier according to claim

1, characterized in that there are at least three 30
envelope elements which constitute the vacu-

um envelope.

A method of manufacturing an X-ray image
intensifier including: 35
a vacuum envelope (10) formed of a plu-
rality of envelope elements (12, 14, 16) whose
joint portions are welded together;
supporting means (40, 42) each sand-
wiched between joint portions of envelope ele- 40
ments of said envelope elements; and
a plurality of focusing electrodes (26, 28),
each supported by one of said supporting
means;
characterized by comprising the steps of, 45
arranging the focusing electrodes on said
supporting means; and
forming the vacuum envelope by sand-
wiching the supporting means between joint
portions of the envelope elements, and welding 50
the joint portions of the envelope elements the
each other.
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