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voltages in the order of magnitude of megavolts and 
beam powers in the order of magnitude of gigawatts, 
comprises a tubular housing of insulating material, in 
which adjacent to its one closed end a field emission 
cathode with a large surface area is arranged while at 
its other end, from which the electron beam emerges, 
an annular anode is arranged. A device serves for col-
limating the electrons emitted by the cathode to form 
a collimated electron beam. The device for collimat-
ing the electron consists of annular electrodes, which 
respectively comprise a part adjacent to their center 
opening and an outer part which is held on the hous-
ing and has a radial electrical passage extending 
towards the outside of the housing. The inner part of 
the electrode lying closest to the cathode has at least 
approximately the shape of a frusto-conical surface 
which tapers towards the cathode; in that the inner 
part of the remaining electrodes is flat or at least ap-
proximately frusto-conical and respectively lies in an 
equipotential surface of an electric field, which colli-
mates the electrons, emitted by the cathode, to form a 
parallel beam. The housing is surrounded by a coaxial 
insulating casing with a clearance. The intermediate 
space between the outer surface of the housing and 
the casing is surrounded with an electrically conduct-
ing liquid with a relatively high specific resistance and 
at the axial ends has a respective connection elec-
trode, which makes contact with the liquid, for the op-
erating voltage and that the outer parts of the elec-
trodes are so shaped that the radial passages end at 
those sites of the liquid filled intermediate space at 
which the fraction, provided for the relevant elec-
trode, of the operating voltage obtains when the oper-
ating voltage is applied to the connection electrodes. 

[57] ABSTRACT 
An electron beam producing system for acceleration 13 Claims, 5 Drawing Figures 
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BACKGROUND OF INVENTION 

3 , 9 0 6 , 2 8 0 
1 2 

ELECTRON BEAM PRODUCING SYSTEM FOR sists of annular electrodes, which respectively comprise 
VERY HIGH ACCELERATION VOLTAGES AND a part adjacent to their center opening and an outer 

BEAM POWERS part which is held on the housing and has a radial elec-
trical passage extending towards the outside of the 

5 housing; in that the inner part of the electrode lying 
1. Field to which Invention Relates closest to the cathode has at least approximately the 
The present invention relates to an electron beam shape of a frusto-conical surface which tapers towards 

producing system for acceleration voltages in the order the cathode (that is to say it is convex with respect to 
of magnitude of megavolts and beam powers in the the cathode); in that the inner part of the remaining 
order of magnitude of gigawatts, comprising a tubular 10 electrodes is flat or at least approximately frusto-
housing of insulating material, in which adjacent to its conical and respectively lies in an equipotential surface 
one closed end a field emission cathode with a large of an electric field, which collimates the electrons, 
surface area is arranged while at its other end, from emitted by the cathode, to form a parallel beam; in that 
which the electron beam emerges, an annular anode is the housing is surrounded by a coaxial insulating casing 
arranged, and with a device for collimating the elec- 15 with a clearance; in that the intermediate space be-
trons emitted by the cathode to form a collimated elec- tween the outer surface of the housing and the casing 
tron beam. is surrounded with an electrically conducting liquid 

2. The Prior Art with a relatively high specific resistance and at the axial 
For a number of physical experiments and devices ends has a respective connection electrode, which 

extremely energy-rich high current electron beams are 20 makes contact with the liquid, for the operating voltage 
required. For example, a prior art plasma ring accelera- and that the outer parts of the electrodes are so shaped 
tor requires a relative electron beam of some hundreds that the radial passages end at those sites of the liquid 
of amps with an emittance of approximately 1 rad mm. filled intermediate space at which the fraction, pro-

Electron beam producing systems for very high ac- vided for the relevant electrode, of the operating volt-
celeration voltages and beam powers have already been 2 5 age obtains when the operating voltage is applied to the 
proposed. A prior art electron beam producing system connection electrodes. 
of this type consists of a sealed by fusion tube, in which The present electron beam producing system thus 
a vacuum of 10~s torr obtains. The tube contains a rela- operates with an electrostatic collimating of the elec-
tively large surface area field emission cathode, that is tron beam and the annular electrodes producing the 
to say a cold cathode. The ray emergence is through a collimating field simultaneously ensure that the stray 
Lenard window in the form of titanium foil with a electrons do not reach the inner wall of the tubular 
thickness of 25 microns. However, such a window leads housing and cannot at this position free adsorbed mate-
to an impairment in the ray quality to a substantial ex- rial, always present in the case of the relatively high 
tent and furthermore limits the length of life of the tube working pressures, so as to lead to arcing, 
to a few shots. In the case of one embodiment of the invention the 

The above problems can be avoided with an open electron current available was 300 A, that is to say ap-
electron beam producing system, that is to say with an proximately 4 to 4 times greater than in the case of 
electron beam producing system, which at the beam prior art electron beam producing systems and could 
outlet opening is not provided with a vacuum-tight win- be focussed with an admittance of 1.3 rad mm. At the 
dow, and instead is connected with the vacuum space 4 0 same time the total extraneous emission (X-ray emis-
of the adjacent device or load for the electron beam. In sion) only amounted to approximately one fifth of that 
this case the electron beam producing system must be involved in the case of commercial prior art tubes, 
operated with pressure in order of magnitude of 10-<i The reproducibility of the electron energy amounted 
torr, something which in the prior art involved extraor- to 0.15 % in the case of series of shots occurring di-
dinary difficulties as regards resistance to arcing. The 4 5 rectly one after the other. Even in the case of shots 
required resistance to high voltages could admittedly made as intervals of several weeks the variations lay 
be ensured with the known constructions in the condi- below 1 %. The present electron beam producing sys-
tion free of current, that is to say without the electron tem can furthermore readily be matched to suit any de-
beam, comparatively easily. However, as soon as the sired initial resistance of the high voltage source by 
electron beam which has a very high current and is very changing the specific resistance of the electrically con-
rich in energy, is caused to flow arcing repeatedly oc- ducting liquid (preferably water with small amounts of 
curs despite careful adjustment of the device for colli- added salts, as for example copper sulfate), 
mating, consisting of a magnet coil, the electrons emit- The present electron beam producing system is fur-
ted by the cathode. 5 5 thermore capable of withstanding the voltage and resis-

tant to arcing when a strong electron beam is flowing. 
Further developments of the invention are defined in 

One aim of the present invention is therefore that of the subclaims. 

SUMMARY OF INVENTION 

creating an electron beam producing system of the 
above-mentioned type which can be reliably operated LIST OF SEVERAL VIEWS OF DRAWINGS 

60 
with an open electron beam outlet opening without arc- The principle of the invention will now be explained 
ing occurring and which produces a substantially in detail with reference to embodiments referring to the 
mono-energetic electron beam which is highly colli- drawings. 
mated. FIG. 1 shows a sectional view of a half of an electron 

In order to achieve these and other aims the present ^ beam producing system in accordance with an embodi-
invention consists in an electron beam producing sys- ment of the invention. 
tem of the above-mentioned type which is character- FIGS. 2 to 5 show field line diagrams, from which the 
ized in that the device for collimating the electron con- shape of the inner parts, bringing about the collimation 



3,906 
3 

of the electron beam, of the annular electrodes of fur-
ther embodiments of the invention is shown. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

FIG. 1 shows a half of an electron beam producing 5 
system in accordance with the invention in section. The 
electron beam producing system is substantially radi-
ally symmetrical with reference to a center axis 10. It 
is designed for an operating voltage of 2 megavolts. 

The electron beam producing system which is shown 10 
comprises a tubular housing 12, which is mainly made 
of annular parts \2a-\2e, which can be made of epoxy 
resin or ceramic material and in order to increase the 
voltage resistance have a ribbed inner wall 14 extend-
ing in the peripheral, direction. Between the annular 15 
parts of the housing annular electrode holding means 
16a—\6d are arranged. The end surfaces of the annular 
pieces 12a-l2e and of the annular electrode holding 
means 16a— 16d have annular grooves in which the seal-
ing rings are located. The sealing rings ensure that 20 
there is a vacuum-tight connection. 

The one end of the housing 12 is closed by means of 
a disc-shaped end plate 18, which has an axial hole, 
through which a preferably axially sliding cathode con-
nection and holding conductor 2 0 is passed in a vacu- 2 5 

um-tight manner. On the other end of the annular hous-
ing there is an attachment flange 22, which consists of 
metal, and which forms a beam outlet opening 24. 

The arrangement described is held together by means 
of a casing 26 consisting of acrylic resin and which at 30 
one end has a flange 28 which projects inwards and at 
the other end has a flange 3 0 which projects outwards. 
The flange 30 is connected by screw means with the at-
tachment flange 22. Between the flange 28 and the end 
plate 18 there is a sealing and intermediate ring 32. 3 5 

On the cathode connection conductor 20 a cathode 
34 is attached, whose active part 36 consists of a razor 
blade stack or a stack of needles, whose cutting edges 
or tips form an emission surface 38 , whose diameter 
can for example amount to 1 to 5 cm. T o the outside 4 0 

a conductor part 4 0 is connected with the emission sur-
face 38 of the cathode. The surface, adjacent to the 
beam exit opening 24, of the conductor part 4 0 adja-
cent to the emission surface 38 is firstly somewhat con-
cave towards the outlet opening 2 4 and then forms an 4 5 

annular bead which is convex towards the surface. On 
the radially outer end of the conductor part 4 0 there is 
an anti-corona ring 42. On the electrode holding means 
16a— 16d there are respectively ring disc electrodes 
44a -44d and a further electrode 44e is connected with 
the attachment flange 22. The electrodes each have a 
center opening, through which the collimated electron 
beam running along the axis 10 passes. Following the 
center opening they have an inner part 44a'—44e', ^ 
which is respectively so shaped that it runs into an equi-
potential surface of an electric field, which coliimates 
the electrons which are emitted by the emission surface 
38 of the cathode and accelerated towards the outlet 
opening 2 4 to form a substantially parallel beam. The ^ 
beam has in this case no so-called intersection point in 
contrast to beam producing systems as are used for ex-
ample in television picture tubes. 

Adjoining the inner part 44a ' -44e ' of the electrodes 
there is a respective outer part 44a"—44e", which ful- ^ 
fills two functions. Firstly it serves to prevent the im-
pingement of electrons which have been dispersed 
from the beam on the inner wall 14 of the tubular hous-

,280 
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ing as far as this is possible, and secondly it constitutes 
a mechanical holding means and the electrical connec-
tion for the annular electrode holding means 16a-16d, 
consisting of metal, and, respectively, the attachment 
flange 24. The axial length of the annular pieces 
12a-12e of the housing and thus the position of the an-
nular electrode holding means 16 are so selected that 
the annular electrode holding means are located at a 
position, corresponding to the operating voltage pro-
vided of the relevant electrode, along the housing. The 
annular electrode holding means and the attachment 
flange 2 2 are thus connected electrically with a liquid 
46 with a comparatively high specific resistance, for ex-
ample a copper sulfate solution, which occupies the in-
termediate space between the outer wall of the tubular 
housing 12 and the casing 26 and provides a voltage di-
vider for the operating voltage. The operating voltage 
is applied between the attachment flange 2 2 consisting 
of metal and the end plate 18, also consisting of metal, 
and also the cathode connection conductor 20. 

Preferably the center opening of the first electrode 
44a closest to the cathode is covered over by wire fab-
ric 48. Also the center opening of the last electrode 44e 
at the other end of the housing, that is to say the anode, 
can be covered with wire fabric 50. 

The various electrodes have the following shape in 
the case of the embodiment shown in FIG. 1. 

The inner part 44a' of the first electrode 44a which 
as seen from the cathode is comparatively close (for ex-. 
ample 10 to 2 0 mm with a distance of 24 cm between 
the electrodes 44a and 44e) is convex towards the cath-
ode and can as a first approximation be denoted as frus-
to-conical with a taper towards the cathode. The part 
44a" adjacent to this is arranged to bulge outwards 
towards the last electrode (anode) 44e convexly. 

The second electrode 44b has an inner part 4 4 / / 
which is substantially frusto-conical and is concave 
towards the cathode, and an outer part 44b" which is 
convex towards the cathode and is substantially frusto-
conical. The two next electrodes 44c and 44d are apart 
from the angle, which the inner and the outer parts 
make with the axis 10, similarly shaped to the second 
electrode 446. In the case of the last electrode (anode) 
44e on the other hand both the inner and also the outer 
parts 44e' and 44e" are convex towards the cathode, 
though they form different angles with respect to the 
axis, as will be gathered from FIG. 1. 

The field which is produced by the electrode arrange-
ments described, and of which the further equipotential 
surfaces lying between the electrodes are shown in bro-
ken lines, bringing about a satisfactory collimation of 
the electrons emitted from the cathode 3 4 and the 
shape of the outer parts of the electrodes ensures that 
practically no stray electrodes can strike the inner wall 
of the housing 12 and cause arcing on the wall. 

By adjusting the distance between the emission sur-
face 38 of the cathode 3 4 from the wire fabric 48 of the 
first electrode 44a ("take-up grid") it is possible to set 
an emission current resulting for a predetermined oper-
ating voltage. 

Preferred dimensions and operational voltages are 
shown in FIG. 1. In this respect it was assumed that in 
operation the connection flange 22 lies at ground po-
tential and the cathode lies at —2 MV. The internal di-
ameter of the annular housing 12 amounts for example 
to approximately 28 cm and is therefore comparatively 
large having regard to prior art tubes. The diameter of 
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the electron, beam which is collimated lies in the order an equipotential surface of,an electric field, which col-
of magnitude of 20 mm. limates the electrons, emitted by the cathode, to form 

FIG. 2 shows in an extremely simplified form a ftir- a parallel beam; the housing is surrounded by a coaxial 
ther embodiment of the invention. In this case only, the insulating casing with a clearanae; in that the interme-
axis 10, the radial limit 52 of the electron beam, , the 5 diate space between the outer surface pf the housing 
inner parts of the various electrodes, the wire fabric 48 and.the casing is surrounded with an electrically con-
and 50 and then the inner parts of the electrodes are ducting liquid with a, relatively high specific resistance 
shown in broken lines while the further course of the and at the axial ends has a respective connection, ele.c-
ideal equipotential surfaces corresponding respectively trode, which makes contact with the liquid, for the opr 
to the electrodes are shown. The course o f the elec- 10 erating voltage and that the outer parts of the, elec-
trodes can depart from this ideal course at a reasonable trodes are so shaped that the radial, passages end at 
distance from the limit 52 of the electron beam in order those sites, of the liquid filled intermediate, space at 
to fulfill the above-mentioned conditions, which are to which the fraction, provided for the relevant electrode, 
be set as regards the outer parts of the electrodes. Since of the operating, voltage obtains when the ^operating 
the voltage drop at the liquid 46 operating as a voltage 15 voltage is applied to the connection electrodes, 
divider, is linear, the loci of the annular electrode hold- 2. An electron beam producing system in accordance 
ing means of the individual electrodes are fixed. In the with claim 1, characterized in that the outer part of the 
case of FIG. 2 (and the following figures) the voltage annular electrodes is furthermore so curved that stray 
values are with respect to the cathode. electrons are caught by the electrodes before reaching 

In FIGS. 3 to 5 only the equipotential surfaces with. 20 the inner wall of the housing, 
the associated voltage values are shown, in which case 3. An electron beam producing system in accordance 
it is assumed that the beam passage openings of the first with claim 1, characterized in that the housing includes 
electrode (draw-off electrode) and the last electrode tubular parts, between which annular electrode holding 
(anode) are provided with wire fabric (like the wire means of a conducting material are arranged, which 
fabric 48 and 50 in FIG. 1). The inner parts of the elec- 25 form the passages. 
trodes of the corresponding embodiments of the inven- 4. An electron beam producing system in accordance 
tion then have substantially the same shape as the rele- with claim 3, characterized in that the inner wall of the 
vant equipotential surfaces. Naturally it is not neces- housing has ribs extending in the peripheral direction, 
sary for an electrode to be provided for each of the 5. An electron beam producing system in accordance 
equipotential surfaces represented. 30 w i th claim 1, characterized in that the opening of the 

In the case of the field distributions in accordance electrode closest to the cathode is covered by a wire 
with FIGS. 3 and 4 it is possible to provide, besides an- fabric. 
nular disc-shaped electrodes as explained with refer- 6. An electron beam producing system in accordance 
ence to FIG. 1, bead-shaped electrodes as well, which with claim 1, characterized in that the opening of the 
have, for example, the form of equipotential surfaces 3 5 electrode furthest removed from the cathode is cov-
54 and 56. ered with a wire fabric. 

The saddle potential obtained in the field distribution 7. An electron beam producing system in accordance 
in accordance with FIG. 3 can instead of the bead- with claim 1, characterized in that the emission surface 
shaped electrodes corresponding to the equipotential of the cathode is surrounded by an annular conductor 
surfaces 54 and 56, also be produced by a single bead- 4 0 part. 
shaped electrode 58 (which would then lie at approxi- 8. An electron beam producing system in accordance 
mately 1.95 MV) or an annular disc-shaped electrode with claim 7, characterized in that the zone, adjacent 
44/, or by an annular bead electrode 60 (potential 1.95 to the emission surface, of the annular conductor part 
MV) shaped in cross-section like a pear which is flat- as seen from the adjacent annular electrode is concave, 
tened at the bottom. 9. An electron beam producing system in accordance 

In the absence of anything to the contrary the beam with claim 7, characterized in that the radially outer 
current I amounts respectively to 1000A. part of the surface, adjacent to the emission surface, of 

We claim: the annular conductor part as seen from the adjacent 
1. An electron beam producing system for accelera- ^ annular electrode is convex, 

tion voltages in the order of magnitude of megavolts 10. An electron beam producing system in accor-
and beam powers in the order of magnitude of giga- dance with claim 1, characterized in that the cathode 
watts, comprising a tubular housing of insulating mate- is axially adjustable with respect to the annular elec-
rial, in which adjacent to its one closed end a field emis- trode adjacent to it. 
sion cathode with a large surface area is arranged while ^ 11. An electron beam producing system in accor-
at its other end, from which the electron beam dance with claim 1, characterized in that the emitting 
emerges, an annular anode is arranged, and with a de- part of the cathode includes a stack of razor blades, 
vice for collimating the electrons emitted by the cath- 12. An electron beam producing system in accor-
ode to form a collimated electron beam, characterized dance with claim 1, characterized in that the emitting 
in that: the device for collimating the electron includes 6 Q part of the cathode consists of a stack of needles, 
annular electrodes, which respectively comprise a part 13. An electron beam producing system for accelera-
adjacent to their center opening and an outer part tion voltages in the order of magnitude of megavolts 
which is held on the housing and has a radial electrical and beam powers in the order of magnitude of giga-
passage extending towards the outside of the housing; watts, comprising a tubular housing of insulating mate-
the inner part of the electrode lying closest to the cath- 6 5 rial, in which adjacent to its one closed end a field emis-
ode has at least approximately the shape of a frusto- sion cathode with a large surface area is arranged while 
conical surface which tapers towards the cathode; the at its other end, from which the electron beam 
inner part of the remaining electrodes is flat and lies in emerges, an annular anode is arranged, and with a de-
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vice for collimating the electrons emitted by the cath-
ode to form a collimated electron beam, characterized 
in that: the device for collimating the electron includes 
annular electrodes, which respectively comprise a part 
adjacent to their center opening and an outer part 
which is held on the housing and has a radial electrical 
passage extending towards the outside of the housing; 
the inner part of the electrode lying closest to the cath-
ode has at least approximately the shape of a frusto-
conical surface which tapers towards the cathode; the 
inner part of the remaining electrodes is at least ap-
proximately frusto-conical and lies in an equipotential 
surface of an electric field, which collimates the elec-
trons, emitted by the cathode, to form a parallel beam; 
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the housing is surrounded by a coaxial insulating casing 
with a clearance; the intermediate space between the 
outer surface of the housing and the casing is sur-
rounded with an electrically conducting liquid with a 

5 relatively high specific resistance and at the axial ends 
has a respective connection electrode, which makes 
contact with the liquid, for the operating voltage and 
that the outer parts of the electrodes are so shaped that 
the radial passages end at those sites of the liquid filled 

10 intermediate space at which the fraction, provided for 
the relevant electrode, of the operating voltage obtains 
when the operating voltage is applied to the connection 
electrodes. 

* * * * * 
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