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(57) ABSTRACT 
Electron-optical image converting tube comprising a 
photoelectric cathode and a focusing electrode ap 
plied to the tube wall, the end of the focusing elec 
trode facing the photocathode being separated from 
the wall by insulating material which increases the in 
sulation resistance between the photocathode and the 
focusing electrode. 

7 Claims, 4 Drawing Figures 
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ELECTRONTUBE FOR ELECTRON-OPTCAL 
MAGE CONVERSION 

This is a continuation of application Ser. No. 17,827, 
filed Mar. 9, 1970. now abandoned. 
The invention relates to an electron tube for elec 

tron-optical image conversion comprising a cylindrical 
glass sheath closed at both ends, the inner surface of 
which is coated with a conductive layer and provided 
at one end with a substantially spherical glass window 
adapted to support a photo-electric cathode and at the 
other end a phosphor screen for capturing electrons 
emitted by the photo-cathode and focused by an elec 
tron-optical system arranged between the photo 
cathode and the screen. 

Electronic image tubes of this kind are known for 
image transformation, for example, for converting an 
X-ray image into a visible image and for increasing the 
brightness of visible images of low light intensity. 
The conductive coating on the cylindrical sheath 

covers the wall substantially completely and terminates 
at a given distance from the photo-cathode. By apply 
ing an appropriate electric voltage to the coating a 
greater part of the photo-cathode is employed effec 
tively than in the case in which this coating is at the po 
tential of the photo-cathode. 
Technological difficulties involved in the manufac 

ture of electron image tubes completely made of glass 
have led to a connection between the window and the 
cylindrical sheath by means of a metal ring. This ring 
comprises two equal portions of circular section, hav 
ing at one edge a projecting flange, while the other 
edge of one portion is connected with the window by 
being sealed to the cylinder wall and that of the other 
portion is connected in the same manner. The two 
flanges may be sealed together by welding. 
The metal wall coating is usually of copper or alumi 

num and with tubes of the last-mentioned type it covers 
the sealing edge between the cylindrical sheath and the 
metal ring, to which it is connected electrically. 
When the most appropriate electric voltage, usually 

a few hundred volts, is applied to the coating, the size 
of the photo-cathode surface imaged without defects is 
about 65 percent of the tube section. In general a com 
paratively large image converter is required relative to 
the size of the image to be transferred. 
The invention has for its objects to provide an im 

provement in electron-optical image tubes in order to 
enlarge further the useful photo-cathode surface. This 
improvement is obtained in that in accordance with the 
invention with the metal coating on the wall of the cyl 
inder sheath of the tube the end extending towards the 
cathode is at a distance from the cylindrical sheath and 
is prolonged along a surface separated from the sealing 
area between the cylindrical sheath and the glass win 
dow by insulating material. For this purpose an annular 
glass body may be provided inside the sheath and be se 
cured to the wall by means of a kind of glass of lower 
melting point, for example, glass enamel. 
The invention is based on the recognition of the fact 

that the comparatively narrow portion of the spherical 
window along the circumference of the photo-cathode 
not associated with the latter is slightly contaminated 
during the formation of the photo-cathode by a small 
deposit of photo-cathode material, so that its insulation 
resistance is reduced. When the wall coating terminates 
in the vicinity of the seal or at the metal connecting 
ring, the applied voltage will produce, due to the re 
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2 
duced resistance surface-conduction currents which 
result in electrons emerging from the neighbourhood of 
the edge of the photo-cathode which travel towards the 
phosphor screen under the action of the modified, usu 
ally no longer uniform potential distribution along 
other paths than those required for accurate focussing. 
The glass ring increases satisfactorily the insulation ca 
pacity between the wall coating and the photo-cathode, 
although the portion of insulation material between 
them is not materially prolonged. 

It has been found that by applying the invention the 
active cathode surface is increased to 80 or 85 percent 
of the tube section. 

If it is desired that the metal connecting ring beat 
cathode potential, it is advisable to increase further the 
insulation resistance between the wall coating and the 
metal ring. For this purpose the ring may be provided 
on the sealing side on the sheath with an inwardly pro 
jecting rim bent over parallel to the ring surface, so that 
between this rim and the ring a gutter-shaped space is 
formed. By covering the bent-over rim on the inner and 
outer sides with glass enamel which extends over the 
sealing edge, the insulation distance is materially pro 
longed. 
A different embodiment in which a coating with 

glass-like insulating material is avoided is the applica 
tion of a second metal ring in the cylinder wall, said 
ring being separated by a wall portion from the con 
necting ring, the former ring having connected with it 
a metal screen extending towards the photo-cathode 
beyond said intermediate wall portion insulating the 
two rings from each other, so that the connecting ring 
may be at photo-cathode potential. 
The invention will be described more fully with refer 

ence to the drawing, in which 
FIG. la is a sectional fragmentary view of one em 

bodiment of the electron image tube of the invention; 
FIG. 1b is a sectional fragmentary view of a modifica 

tion of the tube of FIG. a, and 
FIGS. 2 and 3 show each another embodiment of this 

invention. 
In the electron image tube of FIG. Ia is shown a tubu 

lar jacket 5 made completely of glass, whereas FIG. b 
shows the embodiment in which the cylindrical jacket 
or sheath and the window 6 are interconnected by a 
metal ring 7. In its evacuated space the tube accommo 
dates the photo-cathode 1, the phosphor screen 2, the 
anode 3 of the electron-optical system and the focus 
sing electrode 4 formed by the wall coating. The enve 
lope of this space is formed by a cylindrical glass sheath 
5 and a glass window 6. As is shown in FIG. 1a the win 
dow 6 is directly connected with the cylindrical sheath 
5. At the other end the cylindrical sheath 5 is closed by 
an end wall 8 having an embossed part 9 connected at 
the edge with a contracted part 10. 
The photo-cathode 1 is arranged on the concave sur 

face of the spherical window 6, in this case a photo 
cathode for direct exposure as is common in a light in 
tensifier. The display of X-ray images in visible light re 
quires a phosphor layer which is provided with the sup 
porting surface and the photo-cathode. 
The anode 3 is arranged with a cylindrical rim 11 on 

the re-entrant part 10 and furthermore provided with 
a conical part 12 which terminates in a substantially 
spherical top 3 having an axial opening 14. 
The part of the inner space enclosed by the anode 3 

accommodates the phosphor display screen 2 arranged 
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on the flat upper surface 15 of the re-entrant wall por 
tion 10. A thin metal coating 16, which is readily pervi 
ous to the electrons and which may consist of alumi 
num, considerably increases the radiation of the light 
produced in the phosphor layer in the viewing direc 
tion. 
Since the metal ring 7 as illustrated in FIG. 1b is 

made of two parts with flanges 17 and 18, the connec 
tion between the window 6 and the cylindrical sheath 
5 can be easily established. These two parts may each 
have sealed to them a metal ring portion, after which 
the flanges are interconnected in an airtight manner, 
for example, by welding. 
The inner side of the sheath 6 is provided with an an 

nular body 19 of glass or another refractory insulating 
material. The body 19 may be fastened by means of a 
vitreous material 20, for example, glass enamel, to the 
cylindrical sheath 5 or to the half of the metal ring 
sealed to the cylindrical sheath 5 in order to join the 
two tube portions 5 and 6 so that the connecting mate 
rial covers in addition the sealing rim between the ring 
and the wall. 
The metal inner coating 4 of the wall may be ob 

tained in an appropriate manner by vapour deposition 
of metal particles, the whole surface being covered 
with the exeption of the annular surface 21 of the body 
19 in the sheath facing the photo-cathode 1. With this 
structure it is possible to keep this surface chemically 
clean, since the formation of the photo-cathode may be 
carried out before the two tube portions are sealed to 
each other. 
The detail of a tube with a metal connecting ring of 

FIG. 2 shows that one half of the ring has a channel 
shaped section, one limb 21 being coated with a vitre 
ous insulating material 20, which covers in addition the 
sealing edge of the ring with the tube wall. On the inner 
side the metal coating 4 extends up to the end of said 
limb 21. The non-conductive coating 20 of this limb in 
the gutter-shaped space 22 forms an exellent insulation 
between the metal coating 4 and the ring 7, which may 
be connected to earth, so that non-uniform voltage dis 
tribution in the neighbourhood of the photo-cathode is 
completely avoided. 
By providing a separate metal sleeve 23 inside the 

tube envelope in the manner shown in FIG.3 a portion 
24 of the cylindrical sheat 5 is used as an insulation. 
The metal wall coating 4 terminates at the metal inter 
mediate portion 25 provided by the connection of the 
sleeve 23 and being annular in shape, the two edges of 
which are sealed to the cylinder wall. By its connection 
with the metal intermediate portion 25 the sleeve 23 is 
electrically connected to the conductive coating 4 and 
owing to the presence of the insulating portion 24 of 
the cylinder wall 5 it is no longer necessary to cover the 
wall of the sleeve with insulating material. 
A further advantage of the constructions shown re 

sides in that the metal coating operating as a focussing 
electrode in the electron-optical system can be ex 
tended towards the photo-cathode so as to terminate at 
a distance most suitable for the focussing effect inde 
pendently of the disposition of the metal ring connect 
ing the window with the cylindrical sheath of the tube. 

: What is claimed is: 
1. An electron tube for electron optical image con 

version, comprising a closed envelope of insulating ma 
terial including a jacket portion having an axis of sym 
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4 
metry, and two opposite end portions, each provided 
with a transparent window arranged about said axis, a 
photo-cathode layer disposed adjacent the inner sur 
face of one window, 
a phosphor screen layer arranged adjacent the oppo 

site window, 
an anode structure mounted within said envelope 
around said phosphor screen and defining a pas 
sage for electrons emitted by said photo-cathode, 

an electrically conductive focusing coating provided 
on the inner surface of said tacket portion and sur 
rounding at least a portion of said anode structure, 
a marginal portion of said focusing coating near 
said photo-cathode layer being spaced from said 
jacket portion to form an annular channel there 
with, and 

an insulating layer provided on the jacket portion 
within said annular channel to eliminate accidental 
contamination of said jacket portion by photo 
cathode material. 

2. An electron tube as claimed in claim 1, in which 
said jacket portion is of glass, said coating of insulating 
material including an annular glass body which is fas 
tened to the tube wall by means of a glass material of 
lower melting point than that of the jacket portion, the 
focusing coating exceeding the inner surface of the 
glass body. 

3. An electrode tube according to claim 1, wherein 
the end portion within said one window and said photo 
cathode layer is made as a separate closure member 
and sealed to the rim of said jacket portion. 

4. An electrode tube according to claim 3 further 
comprising a metal ring sealingly connected between 
said closure member and the rim of said jacket portion, 
at least a part of the inner surface of said metal ring 
forming together with the bent marginal portion of said 
focusing coating, said annular channel and being pro 
vided with said insulating layer. 

5. An electron tube as claimed in claim 4, in which 
the metal ring is provided with a flange projecting in 
wardly and then bent over parallel to the inner surface 
of the ring thus forming a gutter-shaped space there 
with, said flange being coated on the inner and outer 
sides thereof with a vitreous insulating material, the 
metal focusing coating exceeding the flange and being 
separated therefrom by the insulating layer. 

6. An electron tube as claimed in claim 4 in which the 
said one window has a spherical surface. 

7. An electron tube for electron optical image con 
version comprising a closed envelope of insulating ma 
terial including a jacket portion having an axis of sym 
metry, and two opposite end portions each provided 
with a transparent window arranged about said axis, 
a photo-cathode layer disposed adjacent the inner 

surface of one window, 
an anode structure mounted within said envelope 
around said phosphor screen and defining a pas 
sage for electrons emitted by said photo-cathode, 

an electrically conductive focusing coating provided 
on the inner surface of said jacket portion, 

a first metal ring sealing connecting said jacket por 
tion to said one end portion having the window 
with the photo-cathode layer, a second metal ring 
sealingly interrupting said jacket portion at a dis 
tance from said first metal ring, 

a metal sleeve disposed within and spaced from said 
jacket portion, said focusing coating and one end 
of said sleeve being connected to said second ring, 
said sleeve protecting the section of the jacket por 
tion between the two rings from accidental contin 
uation by the photo-cathode material. 
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