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57) ABSTRACT 

A cathode ray tube having an electron gun which is 
arranged obliquely relative to the main axis of the 
tube. The gun is rotated about the cross-over which is 
formed by the electron beam in the gun. A diaphragm 
lets pass only a partial beam which is emitted by an 
eccentric part of the cathode. Positive ions impinge 
mainly on the centre of the cathode and therefore 
have no detrimental influence on the emission proper 
ties of the effective cathode surface. Extra deflection, 
as in an ion trap, is superfluous. 

2 Claims, 3 Drawing Figures 
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1. 

CATHODE-RAY TUBE 
The invention relates to a cathode ray tube compris 

ing an electron gun having electrodes centered along a 
first axis for producing an electron beam with a cross 
over on the first axis, and comprising electron optical 
means centered along a second axis for focusing the 
electron beam, said first axis and said second axis inter 
secting each other at an acute angle. 
Such a cathode ray tube is known from the U.S. Pat. 

No. 2,903.62. A cathode ray tube generally comprises 
an elongate evacuated envelope which comprises on 
one side an electron gun and on the other side a target 
for the produced electron beam. Electron optical 
means focus the electron beam onto the target and 
under the influence of deflection means the electron 
bean scans the target according to a given frame. The 
target may comprise a layer of an electroluminescent 
material for displaying a visible picture. The target may 
also comprise a photosensitive layer and be con 
structed for producing electric picture signals corre 
sponding to an optic picture projected on the target. 
The said U.S. Patent Specification states that gas resi 
dues in such a tube can be ionized by the electron 
beam. The positive ions formed by ionization are accel 
erated in the direction opposite to that of the (nega 
tive) electrons of the electron beam and are thus capa 
ble of reaching the cathode. Many of the ions which im 
pinge upong the cathode have a sufficinet energy to dis 
turb the emission properties of the cathode. According 
to the said Patent Specification it is prevented that the 
positive ions reach the cathode by arranging the elec 
tron gun obliquely relative to the main axis of the tube 
and deflecting the produced electron beam by means 
of a non-symmetrical electron lens parallel to the main 
axis. The positive ions also experience the influence of 
the deflection field but as a result of their difference in 
energy relative to the electrons they do not reach the 
cathode but are captured elsewhere in the electron 
gun. The drawback of such a measure is that the focus 
ing of the electron beam is also influenced by the non 
symmetric deflection field as a result of which aberra 
tions occur. Such a non-symmetric influence is difficult 
to compensate for. It has furthermore been found that 
the deflection field in practice results in an increase of 
the length of the tube. Other means for deflecting the 
electron beam, for example, the magnetic field of the 
permanent magnet, also exhibit these drawbacks. The 
large distance between the cathode and the deflection 
field is also an important drawback in connection with 
the fact that the positive ions which are formed in the 
region between the cathode and the deflection field do 
not experience the influence of the deflection field. 

It is the object of the invention to provide a cathode 
ray tube in which the detrimental influence of ions 
which inpinge upon the cathode is prevented without 
deflection fields for directing the electron beam paral 
lel to the main axis being necessary. 
According to the invention, a cathode ray tube of the 

type mentioned in the first paragraph is characterized 
in that the point of intersection of the first axis and the 
second axis coincides with the cross-over and that the 
cathode ray tube comprises a diaphragm having an ap 
erture which is centered relative to the second axis, 
said aperture letting pass less than one quarter of the 
electron beam, the first axis intersecting the diaphragm 
outside said aperture. The invention is based on the 
consideration that a partial beam consisting of elec 

2 
trons which are emitted by a small region on the sur 
face of the cathode after passing the cross-over makes 
a larger angle with the axis of the electron beam ac 
cording as the emissive region is further remote from 
the axis of the electron beam. This makes it possible to 
consider the axis of one of the partial beams, after pass 
ing the cross-over, as an axis of the effective electron 
beam and to cause it to coincide with the main axis of 
the tube. The other partial beams should be intercepted 
by a diaphragm. So in a tube according to the invention 
the central partial beam which is emitted by the centre 
of the cathode is not used but a partial beam is used 
which is emitted by a region at some distance from the 
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6) 

centre. The invention is based on the recognition of the 
fact that the positive ions which are formed in the elec 
tron gun are concentrated on a very small region in the 
centre of the cathode. The result of this is that the emis 
sion properties of the centre of the cathode are dis 
turbed. Since in a tube according to the invention the 
effective electron beam is not emitted by the centre of 
the cathode but by a region at some distance there 
from, this has no influence on the operation of the tube. 
Of course, the greater part of the electrons emitted by 
the cathode are intercepted by the diaphragm, in many 
types of tubes, however, this is no drawback since in 
said tube a diaphragm is used all the same to obtain a 
very small electron spot on the target. 
The invention is particularly operative with a small 

angle between the axis of the electron gun (first axis) 
and the main axis of the tube (second axis) from 2 to 
8°. 
The invention will be described in greater detail with 

reference to the accompanying drawing, of which 
FIG. 1 shows a cathode ray tube according to the in 

vention; 
FIG. 2 shows diagrammatically a part of said tube, 

and 
FIG. 3 shows a few calculated ion tracks in the elec 

tron gun of the tube. 
The cathode ray tube shown in FIG. 1 is a television 

camera tube of the vidicon type. The tube comprises a 
glass envelope 1 having a transparent face plate 2 on 
which a transparent conductive signal layer 3 is pro 
vided as well as a photoconductive layer 4. The free 
surface of the photoconductive layer 4 is scanned by an 
electron beam 5 which is produced by an electron gun 
6 and is deflected by a set of deflection coils 7. The 
electron beam 5 is focused onto the layer 4 by means 
of the electrodes 8, 9 and 10 which constitute a focus 
ing lens. The electron beam 5 impinges upon the sur 
face of the layer 4 in a perpendicular direction under 
the influence of a collimation lens which is formed by 
the electrode 10 and a gauze-like electrode 11. The sig 
nal layer 3 should be connected, via a resistor, to a pos 
itive potential relative to the cathode 12 of the electron 
gun 6. The electron beam 5 brings the potential of each 
surface element of the free surface of the layer 4 peri 
odically at zero volt relative to the cathode 12. Under 
the influence of the positive potential to which the sig 
nal layer 3 is connected and under the influence of 
photoconduction in the layer 4 the potential of each 
surface element of the free surface of the layer 4 in 
creases between two successive scans to a certain posi 
tive value. This value is higher according as more light 
impinges upon the surface element in question. The 
light distribution over the layer 4 is determined by an 
optical image projected on the layer 4. The charge 
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which the electron beam is to supply periodically to 
each surface element is proportional to the local light 
intensity. In this manner a picture signal can be derived 
from the signal layer 3. The electron gun 6 comprises 
the cathode 12, a first grid 13 and a second grid 14. The 
electrode 8 comprises a diaphragm 15 having an aper 
ture 16. The photoconductive layer 4 is manufactured 
from lead monoxide in connection with which the cam 
era tube is named by its registered trademark "Plumbi 
con'. The voltages used in the tube are: 

cathtude 2 V 
first grid 3 -3) V 
second grid 4 30 V 
cut rule 8 3) V 

ulcutfile 9 V 
clectrude: () 300 W 
guae-like clutrode 6()() W 
signal layer 4) W 

The main axis of the tube is denoted by 17. The axis of 
the electron gun 6 is denoted by 18. The axes 17 and 
18 enclose an angle of 4° relative to each other. 
For explaining the invention, FIG. 2 shows diagram 

matically the configuration of electron gun 6 with cath 
ode 12, first grid 13 and second grid 14. This figure also 
shows the diaphragm 15 with the aperture 16 which 
passes the electron beam 5 as well as the main axis 17 
of the television camera tube and the axis 18 of the 
electron gun 6. The electron beam emitted by the cath 
ode 12 has a contour 19 and forms a cross-over 20 
which is shown diagrammatically by a dot. It may be 
seen from the figure that the electron beam 5 is formed 
by a partial beam 21 which is emitted by a surface ele 
ment 22 which is located beyond the centre 23 of the 
cathode 12. It is immediately clear from the figure that 
no extra deflection fields for the electron beam 5 or the 
partial beam 21 are necessary, but that the curvature 
of the track of the partial beam 21 is fully determined 
by the field in the electron beam 6 which results in the 
cross-over 20. 

FIG. 3 shows diagrammatically the cathode 12 and 
the axis 18 in a Tectangular system of axes. This figure 
also shows the grids 13 and 14. Only the part on one 
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4. 
side of the axis 18 is shown. The broken line 19 is the 
beam contour which contains 90 percent of the emitted 
current. In this figure the cross-over 20 has finite di 
mensions. The lines 24, 25, 26, 27 and 28 denote a few 
calculated ion tracks with starting velocity zero and 
with starting points on the beam contour 19. These 
tracks are independent of charge and mass of the ion 
provided the starting velocity is zero. It may be seen 
from the figure that the greater part of the ions in 
pinges within a distance of 40 to 50 pum from the centre 
23 of the cathode. The diameter of the surface element 
22 which emits the partial beam 21 (FIG. 2) is approxi 
mately 10 pum. The angle between the axes 17 and 18 
must thus be so large that surface element 22 is approx 
imately 50 to 60 um remote from the centre 23. It has 
been found that for that purpose said angle must be 4. 

Experiments to compare tubes according to the in 
vention with known tubes have been carried out by 
gradually admitting argon to the tubes, starting from a 
high vacuum. It is found that in known tubes at a pres 
sure of 10 to 10 mm Hg the beam current collapses 
rapidly and substantially entirely. In tubes according to 
the invention this is out of the question even at a pres 
sure of 10 mm Hg. 
What is claimed is: 
1. A cathode ray tube comprising an electron gun 

having electrodes centered along a first axis for produc 
ing an electron beam with a cross-over on the first axis 
and electron-optical means centered along a second 
axis for focusing the electron beam, said first and said 
second axes intersecting each other at an acute angle, 
characterized in that the point of intersection of the 
first axis and the second axis coincides with the cross 
over and that the cathode ray tube comprises a dia 
phragm having an aperture which is centered relative 
to the second axis, said aperture letting pass less than 
one quarter of the electron beam, the first axis inter 
secting the diaphragm outside said aperture. 

2. A cathode ray tube as claimed in claim l, charac 
terized in that the acute angle lies between 2° and 8. 
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