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2,887,599 
ELECTRON ACCELERATION TUBE 

John G. Trump, Winchester, Mass, assignor to High 
Voltage Engineering Corporation, Burlington, Mass, a 
corporation of Massachusetts 

Application June 17, 1957, Serial No. 666,110 
1 Claims. (Cl. 313-74) 

The invention relates to electron acceleration tubes, 
and in particular to a construction for electron accelera 
tion tubes which has special utility for the radiation proc 
essing of thin films at high speed, such as irradiating layers 
of paint on automobiles, irradiating layers of ink in mag 
azine printing, etc. The acceleration tube of the inven 
tion requires no scanning method to irradiate a substantial 
width and should be capable of handling output currents 
of at least 20 milliamperes and output electron powers of 
at least 10 kilowatts. The tube is totally enclosed in a 
grounded metal container which constitutes its own en 
velope and is relatively compact. This type of construc 
tion would be suitable for voltages up to and in excess of 
1 million volts; its probable voltage region of use lies in 
the region from 200 kilovolts to 1,000 kilovolts. 
The invention comprehends an acceleration tube which 

consists basically of an extended high-voltage cathode 
structure within which an electron-emitting filament is 
positioned, a grounded metallic structure which encloses 
the vacuum and which has an extended thin “window" 
to permit electrons to emerge into air, and one or more. 
equipotential shields maintained at intermediate voltages 
to divide the total potential difference, between cathode 
and anode in a regular fashion to avoid the "total voltage' 
effect. In the conventional high voltage accelerator, an 
evacuated acceleration tube is enclosed within a grounded 
tank which is filled with insulating gas under pressure, 
and therefore the walls of the acceleration tube have to 
support the pressure difference. In accordance with the 
invention, since the grounded enclosure is entirely evacu 
ated, there is no pressure differential within it, and so the 
insulating members of the acceleration tube need not be 
in contact with metal over so large an area as in the 
conventional high voltage accelerator. As a result, the 
metal parts of the device may be thinner, so that the high 
voltage terminal may be extruded and the intermediate 
electrodes may be sheet metal. In fact, in the preferred 
embodiment of the invention, the electron accelerating 
region does not itself contain any solid insulation, and the 
arrangement of metallic electrodes has many advantages 
in simplicity and compactness. 
vacuum insulation, one encounters the “total voltage 
effect. This effect is due to accelerated particles and im 
poses a voltage limit of near 200 to 300 kilovolts. The 
effect depends only slightly on the total distance of sep 
aration between the electrodes. To avoid the total volt 
age effect, the total gap between the high-voltage terminal 
and the grounded enclosure is broken up by means of 
the intervening shields. . 
The power supply for this tube may be of any suitable 

type. This power source would supply both the power 
required to accelerate the electrons to high energy and 
to heat the electron-emitting elements. There is no par 
ticular point in putting the high-voltage generator within 
this same structure, and accordingly high voltage power 
is introduced from any suitable high-voltage generator 
via a suitable cable. Alternatively, the high-voltage 

Since the device employs 
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generator may be placed adjacent the evacuated structure 
so as to eliminate the cable. 
The invention may best be understood from the follow 

ing detailed description thereof having reference to the 
accompanying drawings in which: 

Fig. 1 is a longitudinal central section through an elec 
tron acceleration tube embodying the invention; 

Fig. 2 is a section along the line 2-2 of Fig. 1; 
Fig. 3 is a longitudinal central section showing a modi 

fication of the apparatus of Fig. 1. 
Fig. 4 is a view along the line 4-4 of Fig. 3; 
Fig. 5 is a view similar to that of Fig. 4 but showing a 

modified arrangement of the cathode filaments; 
Fig. 6 is a view similar to that of Fig. 2, but showing a 

modification in which two electron ports are provided; 
Fig. 7 is a longitudinal central section showing still 

another modification of the apparatus of Fig. 1; and 
Fig. 8 is a section along the line 8-8. of Fig. 7. 
Referring to the drawings and first to Figs. 1 and 2 

thereof, a grounded container 1, which may be of steel, 
is evacuated by any conventional vacuum pump and a 
high vacuum is maintained therein by any suitable device 
such as a barium getter ion pump 2. A cathode struc-, 
ture 3 is Supported centrally within said grounded con 
tainer 1 and is maintained at a high negative potential. 
Electrons are released from a flament 4 within the cath 
ode structure 3 and are accelerated radially outward 
towards the grounded container . An electron window 
5 forming part of the wall of the container permits 
the accelerated electrons to emerge from within the 
grounded container 1 into the atmosphere in the form 
of a sheetlike stream 6 and onto the thin film 7 which 
is to be irradiated and which is conveyed through the 
electron beam 6 by a conveyor belt 8 or other suitable 
Support. Since the source of electrons is an extended 
line filament 4, the electrons are accelerated in sheet 
form, so that the electron window system for this type 
of tube is extended in at least one dimension and is there 
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fore able to handle a larger total electron current. If 
necessary, forced air cooling may be provided on the out 
side to further increase the current margin. 
The cathodestructure 3 is maintained at high voltage 

by a voltage generator (not shown) which in general will 
be outside the grounded container 1. The high voltage 
power is fed from the generator to the cathode structure 
3 by a suitable high voltage cable 9 which may include 
a central high voltage conductor 10 enclosed in a 
grounded casing 11 and insulating therefrom by a gaseous 
or liquid insulated medium, such as an insulating gas under 
pressure. The casing it is connected to the grounded 
container 1 and the high voltage conductor 10 is con 
nected to the high voltage cathode structure 3. The high 
Voltage cable 9 - may also serve to introduce electric 
power for heating the filament 4. For example, the high 
Voltage conductor 10, may comprise two wires both at 
high negative potential but between which a small poten 
tial difference is maintained and across which the fila 
ment 4 is connected. 
An important part of this embodiment of the inven 

tion is the high voltage bushing 12 in the wall of the con 
tainer 1, which separates the vacuum within the container 
1 from the gaseous or liquid medium in the cable 9 and 
which insulates the high voltage parts of the apparatus 
from the grounded container 1 and casing 11. This prob 
lem is a - difficult one because the surface of the solid 
insulation which is required for mechanical support will 
not support as high a voltage gradient as vacuum or 
pressure insulation, so that the length of solid insulation 
intervening between the high voltage central electrode 
and the grounded container must be greater than the 
corresponding length within the vacuum or within the 
cable. This difficulty is solved in a relatively straight 
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forward and compact fashion in accordance with the in 
vention by means of the apparatus shown in Figs. 1 and 
3. Referring to Fig. 1 the high voltage bushing 12 com 
prises alternating insulator rings 13 and annular elec 
trodes 14. The insulating rings 13 are of diminishing 
diameter and are axially spaced from one another by the 
electrodes 14. In this way the insulating paths through 
the solid insulator and along its surface are rendered 
longer than the insulating path through the vacuum or the 
pressurized insulating medium. The rings 13 may be 
made of glass or porcelain or other appropriate insulator. 

Alternatively, as shown in Fig. 3, the rings 13 may be 
of constant diameter, in which event it is necessary that 
the diameter of the grounded casing it be enlarged in 
the vicinity of the high voltage bushing 12. 

Unlike the situation within the high voltage cable 9 
which contains an insulating medium under pressure, the 
evacuated region within the container 1 is subject to 
electrical breakdown produced by the "total voltage” ef 
fect. In order to increase the voltage which the vacuum 
can support, one or more intermediate conductive shields 
5 may be provided between the cathode structure 3 and 

the grounded container . Each of these shields 15 may 
conveniently be connected to and supported by one of the 
electrodes 14, and in general it will be necessary to have 
only as many electrodes 14 as there are intermediate 
shields, since the insulators 3 may be as thick as desired 
in the axial direction. 

It is only in the high voltage bushing 12 that the struc 
tural members must support high pressure against high 
vacuum, and so the metal members within the evacuated 
region may be relatively thin. Thus the intermediate 
shields 5 may comprise sheet metal about A6 of an inch 
thick or possibly 42 of an inch thick. Assuming that 
vacuum insulation can support 50 kilovolts across a 
quarter-inch gap, the embodiments of the invention shown 
in Figs. 1 through 3, in which the electrodes take the 
form of concentric circles, permit the overall diameter 
of a 200-kilovolt device to be as small as 6 inches if the 
total gap in the evacuated region is subdivided into 4 sub 
gaps. This estimate is based on the assumption that the 
cathode structure 3 has a 3-inch diameter and the 
grounded container a 4-inch thickness, so that the 
total diameter is the sum of 8 quarter-inch gaps (2 
inches) a 3-inch cathode structure (3 inches) 6 thick 
nesses of intermediate shield (about 4 inch) and 2 thick 
nesses of container (% inch). In the apparatus of Figs. 
1 through 4, an additional subgap is provided to ensure 
reliability. Of course, it should be noted that the actual 
output energy of a 200-kilovolt device would be only 140 
kilvolts due to losses in the window 5. 
Of course, it is necessary that each of the intermediate 

shields be provided with apertures 56 corresponding to 
the electron window 5 to permit passage of the electron 
stream. The electron emitter within the cathode struc 
ture 3 releases electrons over an extended area. In the 
embodiment of the invention shown in Figs. 1 and 2 the 
electron emitter is a single filament 4 which may be made 
of tungsten, molybdenum, or other material. The loca 
tion of the filament 4 with respect to the cathode struc 
ture 3 should preferably be such that the current in the 
electron beam be space-charge limited. This would have 
the effect of insuring that approximate uniformity exists 
in the current density along the extended beam relatively 
independent of local variations in the filament emission. 

In order to provide extended-line beams and yet per 
mit mechanical connections across the apertures 16 in the 
intermediate shields 5 and across the electron window 
5 for strength, the electron emitter may comprise a series 
of relatively short lengths 17 of such filaments positioned 
either in line with one another, as shown in Figs. 3 and 
4, or so skewed with respect to each other that no gaps 
exist in the electron pattern which finally emerges from 
the tube, as shown in Fig. 5. In the case of such multiple 
filaments 17, the intermediate shields 15 would have 
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4. 
multiple apertures 18, and the grounded container 
would have multiple electron windows 19, the pattern 
whereof would correspond to that of the filament seg 
ments 17 as shown in Figs. 4 and 5. Where filament 
segments 17 are used, they are preferably connected in 
parallel so that the failure of one filament will not effect 
the entire radiation process. Moreover, it is possible to 
hook up several electron acceleration tubes, as described 
herein, to the same high voltage cable, so that if one unit 
fails, the entire unit could be replaced. 
As will appear hereinafter, it is not essential that the 

cathode structure be centrally located within the grounded 
container, but such a geometry, in addition to providing 
greater compactness, readily permits the use of multiple 
ports so that the product could travel around the unit. 
A modification of the electron acceleration tube of Figs. 
1 through 3 is shown in Fig. 6, wherein a tube is shown 
having two opposite ports or electron windows 20, 21, 
with the film 7 to be irradiated going by one port 20 and 
going back by the other 2. 

In the electron acceleration tubes hereinbefore de 
scribed the electrodes are arranged concentrically. An 
alternative construction is shown in Figs. 7 and 8. Re 
ferring thereto, the cathode structure 22 is supported upon 
a column comprising a series of extended electrodes 23 
separated by one or more corresponding series of insula 
tors 24. Preferably only four such series of insulators 24 
are employed, one at each corner of the rectangular col 
um, in order to minimize the deleterious effect of radia 
tion on the insulators 24. Intermediate shields 25 con 
nected to the electrodes 23 extend around the cathode 
structure 22 so as to avoid the total voltage effect. In 
the device of Figs. 7 and 8, the vacuum-insulated gap 
between the cathode structure 22 and the tank 26 may 
be as small as 3 inches, as in the corresponding gap of 
the apparatus of Fig. 1, but the length of the column 
must be 6 inches because of the solid insulation, which 
can support only about 30 kilovolts over a three-quarter 
inch gap. Assuming the cathode structure 22 to be 3 
inches in height, the overall diameter of the device of 
Figs. 7 and 8 would be about one foot. Any of the em 
bodiments of the invention shown in the drawings is 
especially adapted to very long electron sheets, and might 
provide a stream of 200-kilovolt electrons one yard in 
length at one milliampere per inch. 

In the device of Figs. 7 and 8, the function of the sub 
divided high-voltage bushing 2 of Fig. 1 is performed by 
the solid insulation 27 in the cable 28. The length of the 
insulating path between the grounded tank 26, to which 
the outer casing 29 of the cable 28 is connected, and the 
high-voltage conductor 30 along the surface of the solid 
insulator 27 is increased by having the solid insulator 27 
protrude into the evacuated region for some distance. 
This prevents flashover along the surface of the solid 
insulation, which would otherwise occur at voltages much 
lower than the voltage at which breakdown through the 
solid insulation might occur. 

Having thus described the principles of the invention 
together with several illustrative embodiments thereof, it 
is to be understood that although specific terms are cm 
ployed, they are used in a generic and descriptive sense 
and not for purposes of limitation, the scope of the inven 
tion being set forth in the following claims: 

I claim: 
1. An acceleration tube capable of delivering simul 

taneously an electron beam of extended cross-section to 
the region outside said tube, comprising in combination: 
an evacuated metallic enclosure at ground potential, an 
elongated metallic cathode provided with an extended line 
source of electrons and maintained at high negative poten 
tial within said enclosure by an external power source, an 
electron-permeable anode electrode at ground potential 
adapted to accelerate in mutually parallel paths electrons 
emitted by said line source of electrons, and an extended 
electron window in the wall of said enclosure adapted to 
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permit the emergence of the accelerated electrons out of 
said evacuated enclosure. 

2. An acceleration tube it accordance with claim 1, 
wherein said cathode includes a linear array of electron 
emitting areas. 

3. An acceleration tube capable of delivering simul 
taneously an electron beam of extended cross-section to 
the region outside said tube, comprising in combination: 
an evacuated metallic enclosure at ground potential, an 
elongated metallic cathode provided with an extended line 
source of electrons and maintained at high negative poten 
tial within said enclosure by an external power source, an 
electron-permeable anode electrode at ground potential 
adapted to accelerate in mutually parallel paths electrons 
emitted by said line source of electrons, an extended elec 
tron window in the wall of said enclosure adapted to per 
mit the emergence of the accelerated electrons out of said 
evacuated enclosure, and a metallic electrode between 
said cathode and said anode maintained at an interme 
diate potential and adapted to permit the passage of said 
electron beam and to divide the total voltage between 
cathode and anode. 

4. An acceleration tube in accordance with claim 3, 
wherein said electrode at intermediate potential substan 
tially surrounds the cathode. 

5. An acceleration tube capable of delivering simul 
taneously an electron beam of extended cross-section to 
the region outside said tube, comprising in combination: 
an evacuated metallic enclosure at ground potential, an 
elongated metallic cathode provided with an extended line 
source of electrons and maintained at high negative poten 
tial within said enclosure by an external power source an 
electron-permeable anode electrode at ground potential 
adapted to accelerate in mutually parallel paths electrons 
emitted by said line source of electrons, an extended elec 
tron window in the wall of said enclosure adapted to per 
mit the emergence of the accelerated electrons out of said 
evacuated enclosure, and a series of spaced metallic elec 
trodes between said cathode and said anode maintained 
at progressively more negative potential the nearer their 
position to said cathode and adapted to assist the passage 
of said electron beam and to divide the total voltage 
between cathode and anode. 

6. An acceleration tube in accordance with claim 5 
wherein one or more of said metallic electrodes between 
said cathode and said anode substantially surrounds the 
cathode. 

7. An acceleration tube capable of delivering simul 
taneously an electron beam of extended cross-section to 
the region outside said tube, comprising in combination: 
an evacuated metallic enclosure at ground potential, an 
elongated metallic cathode provided with an extended line 
source of electrons and maintained at high negative poten 
tial within said enclosure by an external power source, a 
plurality of electron-permeable anode electrodes at ground 
potential adapted to accelerate, in a plurality of azimuthi 
ally spaced streams each comprising mutually parallel 
paths, electrons emitted by said line source of electrons, a 
corresponding plurality of extended electron windows in 
the wall of said enclosure adapted to permit the emer 
gence of the accelerated electrons out of said evacuated 
enclosure, and at least one metallic electrode between said 
cathode and said anode maintained at an intermediate 
potential and adapted to permit the passage of said plu 
rality of azimuthially spaced streams and to divide the 
total voltage between cathode and anode. 

8. An acceleration tube capable of delivering simul 
taneously an electron beam of extended cross-section to 
the region outside said tube, comprising in combination: 
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6 
an evacuated metallic enclosure at ground potential, an 
elongated metallic cathode provided with an extended 
line source of electrons and maintained at high mega 
tive potential within said enclosure by an external power 
source, an electron-permeable anode electrode at ground 
potential adapted to accelerate in mutually parallel paths 
electrons emitted by said line source of electrons, an ex 
tended electron window in the wall of said enclosure 
adapted to permit the emergence of the accelerated elec 
trons out of said evacuated enclosure, and a high 
voltage bushing in the wall of said enclosure adapted 
to provide the mechanical support for said cathode in ad 
dition to introduceing the high voltage power. 

9. An acceleration tube capable of delivering simul 
taneously an electron beam of extended cross-section to 
the region outside said tube, comprising in combination: 
an evacuated metallic enclosure at ground potential, an 
elongated metallic cathode provided with an extended line 
source of electrons and maintained at high negative po 
tential within said enclosure by an external power source 
which is enclosed within a second grounded enclosure 
containing an insulating gas under pressure, an electron 
permeable anode electrode at ground potential adapted 
to accelerate in mutually parallel paths electrons emit 
ted by said line source of electrons, an extended electron 
window in the wall of said enclosure adapted to permit 
the emergence of the accelerated electrons out of said 
evacuated enclosure, and a high voltage bushing in the 
wall of said enclosure adapted to provide the mechanical 
support for said cathode in addition to introducing the 
high voltage power, said bushing being insulated on the 
outside by the gas under pressure enclosed within said 
second enclosure. 

10. An acceleration tube capable of delivering simul 
taneously an electron beam of extended cross-section to 
the region outside said tube, comprising in combination: 
an evacuated metallic enclosure at ground potential, an 
elongated metallic cathode provided with an extended line 
source of electrons and maintained at high negative po 
tential within said enclosure by an external power source, 
an electron-permeable anode electrode at ground poten 
tial adapted to accelerate in mutually parallel paths elec 
trons emitted by said line source of electrons, an ex 
tended electron window in the wall of said enclosure 
adapted to permit the emergence of the accelerated elec 
trons out of said evacuated enclosure, at least one metal 
lic electrode between said cathode and said anode main 
tained at intermediate potential and adapted to permit 
the passage of said electron beam and to divide the total 
voltage between cathode and anode, and a high voltage 
bushing in the wall of said enclosure adapted to provide 
the mechanical support for said cathode and for said 
intermediate electrons in addition to introducing the high 
voltage power, said bushing comprising a plurality of an 
nular insulating members axially separated by conductive 
members, said intermediate electrodes being connected to 
and supported by corresponding conductive members of 
said high voltage bushing. 

11. An acceleration tube in accordance with claim 10 
wherein said insulating members are of different diam 
eters and are so arranged that the diameter decreases with 
increasing negative voltage. 
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