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ABSTRACT OF THE DISCLOSURE 
A device for generating an electron beam by nontherm 

ionic means includes a hollow imperforate cathode struc 
ture having an electron beam exit aperture, the cathode 
beam concentrically surrounded by an electrically con 
ductive shield. A desired mode of operation, wherein the 
electron beam issues from the cathode aperture with con 
vergence and subsequent divergence over a wide range of 
electron beam intensity, is obtained by positioning an elec 
trode structure between the cathode structure and shield 
and concentric therewith. The electrode structure is of the 
same shape as the cathode, having an aperture aligned with 
the cathode aperture. Adjustment of a low electrical po 
tential between cathode and electrode maintains the de 
sired mode of operation. 

My invention relates to improvements in electron beam 
irradiation apparatus of the gaseous or plasma type where 
in the beam is generated nonthermionically, and in par 
ticular, to improvements in the electron gun assembly of 
the apparatus described in a copending patent application 
Ser. No. 289,357, filed June 20, 1963, now Patent No. 
3,320,475, issued May 16, 1967, entitled, "Nonthermionic 
Electron Beam Apparatus,' inventor Kenneth L. Boring, 
and assigned to the assignee of this application. 

Apparatus for generating electron beams by utilizing 
a heat source which effects emission of electrons from a 
cathode thermionically are well known. Also well known 
are the gaseous discharge type of apparatus, such as the 
thyratron tube, which generate a diffuse type discharge in 
a gaseous medium by either thermionic or monthermionic 
means. The diffuse discharge may be adapted to form a 
beam at a low efficiency by employing a suitable geometry 
of focusing apertures in combination with electromagnetic 
or electrostatic elements. 
The above-identified patent application Ser. No. 289,357 

describes a nonthermionically emitting electron gun as 
sembly comprising a hollow cathode structure having im 
perforate side walls and a single exit aperture in an end 
Wall through which a beam of electrons may be emitted 
and an electrically conductive shield substantially sur 
rounding the cathode. The electron gun assembly is posi 
tioned within a housing and the interior thereof is sub 
jected to a low pressure ionizable gas. A high negative 
cathode-to-housing potential is applied, and interaction of 
the gaseous medium and negative potential creates a body 
of plasma within the cathode cavity. The shield is main 
tained at the voltage of the housing (generally at ground 
potential). A control electrode structure may be positioned 
within, and is electrically insulated from, the cathode. Such 
control electrode varies the intensity of an electron beam 
issuing from the plasma by an automatic or manual con 
trol of a low potential between the control electrode and 
cathode. Although the control electrode provides a satis 
factory control of the electron beam intensity (total elec 
trical current within the electron beam), it has been found 
that the beam mode may change in the normal operating 
range of beam current from a desired beam mode having 
convergencve and subsequent divergence to a parallel 
beam which cannot subsequently be conveniently focused 
by an external electromagnetic or electrostatic lens. 
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Therefore, one of the principal objects of my invention 

is to provide an improved apparatus for efficiently gen 
erating an electron beam by nonthermionic means. 
Another object of my invention is to provide such ap 

paratus for maintaining the electron beam in a desired 
mode over a large range of beam intensity. 
A further object of my invention is to provide a new 

electron gun assembly for the electron beam apparatus. 
A still further object of my invention is to provide a 

new electrode structure in the electron gün assembly. 
Briefly stated, and in accordance with my invention, 

I provide what may be described as a double cathode struc 
ture substantially surrounded by an electrically conductive 
shield to form a unitary electron gun assembly (electron 
beam source) of my electron beam apparatus. The double 
cathode structure comprises an inner hollow cathode struc 
ture having imperforate side walls and a single aperture 
in an end wall thereof through which a beam of electrons 
may be emitted, and an outer hollow (electrode) structure, 
concentric with the inner, electrically insulated therefrom, 
and having a single aperture in an end wall thereof aligned 
with the aperture of the inner cathode. The shield sur 
rounding the double cathode is concentric therewith, elec 
trically insulated therefrom, and preferably maintained at 
ground potential. The electron beam is controlled by ad 
justing a relatively low potential between the inner cathode 
and outer electrode to vary the electric field within and 
around the inner cathode aperture with changing operating 
conditions and thereby maintain a desired beam mode 
(having a convergence and subsequent divergence) over 
a wide range of electron beam intensity. 
The features of my invention which I desire to protect 

herein are pointed out with particularity in the appended 
claims. The invention itself, however, both as to its orga 
nization and method of operation, together with further 
objects and advantages thereof, may best be understood by 
reference to the following description taken in connection 
with the accompanying drawings wherein like parts in 
each of the several figures are identified by the same char 
acter reference and wherein: 
FIGURE 1 is an elevation view, partly in section, il 

lustrating the general concept of a nonthermionically 
emitting double cathode plasma electron beam source in 
accordance with my invention; and 
FIGURE 2 is an enlarged detail view of a specific em 

bodiment of such source and includes electrical circuitry 
for varying the potential between the inner cathode and 
outer electrode. 

In the above-identified copending patent application, 
there is described a nonthermionically-emitting plasma 
electron beam source (hereinafter also referred to as an 
electron gun assembly) that comprises a hollow cathode 
structure Substantially surrounded by an electrically con 
ductive shield which is of the same general shape, concen 
tric therewith, and electrically insulated therefrom. The 
hollow cathode structure has imperforate side walls and 
a single aperture in an end wall through which an electron 
beam may be emitted. A control electrode may be pro 
vided within the cathode cavity, electrically insulated 
therefrom, and having an aperture aligned with the cathode 
aperture. The electron gun assembly is positioned within 
an enclosed chamber or housing containing a low pressure 
ionizable gaseous medium (0 to approximately 200 mi 
Cron, depending upon the particular gas), and a high nega 
tive cathode-to-housig potential (0 to approximately 30 
kilovolts, and for some applications as high as 200 kilo 
volts), is applied, the Surrounding shield being maintained 
at the voltage of the housing which, in general, is at ground 
potential. Variation of the gas pressure or cathode voltage 
controls the electron beam intensity. A controllable low 
potential (0 to approximately 200 volts) between the 
cathode and control electrode permits further control of 
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the electron beam intensity (total electron beam current) 
over a wide range of values of beam current. In has been 
found, however, that the desired mode of the electron 
beam often is lost at the higher beam intensities. The beam 
mode is herein defined as the characteristics of the emer 
gent beam from the hollow cathode. In many applications, 
such as welding, the electron beam is required to be of high 
current density and focussed to a very small spot on the 
work piece, thus requiring that the emergent beam from 
the hollow cathode behave as though it came from a very 
Small Source to permit a suitable external lens (electro 
magnetic or electrostatic) to image the apparent source 
onto a small area on a work piece being irradiated by the 
beam. Thus, the desired beam mode must have conver 
gence, i.e., a crossover point (within or external of the 
cathode), and subsequent divergence. It has been found 
that a parallel electron beam issuing from the hollow 
cathode cannot readily be focussed to a sufficiently small 
spot whereas a diverging beam is readily focussed by a 
simple external lens system. 
The use of the plasma electron beam source described 

in the copending patent application has shown that the 
cathode aperture diameter, thickness of aperture end wall 
(aperture plate), shield-to-cathode separation, and the 
positive ion and electron space charge fields near the 
cathode aperture critically influence the beam divergence 
and its focusability. This apparently is due to the fact that 
the aperture and immediate vicinity thereof behave as an 
electrostatic lens. It obviously is impractical to vary these 
parameters to match different operating conditions such 
as, for example, when the gas pressure or voltage is varied 
to change the beam intensity. The purpose of my inven 
tion is to provide an electrostatic lens of adjustable 
strength to obtain the effect of varying the above-described 
parameters and thereby maintain the desired electron beam 
mode over a much wider range of beam intensity. 

Before describing the improved plasma electron beam 
Source which is the subject of my present invention, a brief 
Summary of a theory for explaining the principle of elec 
tron beam formation and ejection from the hollow cathode 
Will be provided, attention being directed to the copend 
ing patent application for additional explanation of the 
theory. It is well known that relatively high voltages must 
be applied to initiate electrical breakdown (discharge) 
across gaps which are short compared with the electron 
mean-free-path for ionization at the gas pressure existing 
in the gap. In such short gaps, multiplication of ions and 
electrons cannot take place because of the low probability 
of ionizing collisions at low gas pressures. Thus, dis 
charges at low pressure tend to seek out long paths instead 
of short ones as is the case at higher pressures, and this 
phenomenon is employed to suppress radial electron emis 
sion from the hollow cathode (to the housing side walls) 
by closely fitting a concentric shield about the cathode. Any 
discharge which occurs across the gap (between the 
grounded shield and cathode) traverses the long path be 
tween the outer surface of the shield and the inner surface 
of the cathode or near the beam exit aperture. This cir 
cumstance confines positive ion bombardment largely to 
the inner cathode surface and to the outer surface of the 
cathode aperture plate. Proper spacing of the end of the 
shield with respect to the plane of the cathode aperture 
plate focusses most of the ions on the cathode aperture 
thereby generating secondary electrons within the cathode 
cavity. As a result of these phenomena an ionized body of 
plasma forms within the cathode cavity. The interior of a 
cathode 7 cavity in FIGURE 1 thus comprises a glowing 
body 11 of plasma or ionized gas being generated by an 
interaction of a low pressure gaseous medium and a high 
negative cathode to housing potential. This body of plasma 
is separated from the cathode walls by a less luminous 
sheath which is bounded by the cathode walls. A region of 
high voltage gradient (cathode dark space) surrounds the 
aperture end of the cathode externally thereof. The com 
bined effect of the potential distribution inside the cathode 
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4. 
and cathode dark space allows the emergence of a stream 
of electrons from the plasma and initiation of electron 
beam formation. The shield 9 further aids in creating a 
suitable electric field distribution for beam mode opera 
tion, it being difficult to operate the cathode in such mode 
without the shield. Highly conducting gas outside the 
boundary of the cathode dark space acts as a virtual anode 
and the eletctrons in the beam gain most of their energy 
as they are accelerated in the space between cathode and 
dark space boundary. As the gas pressure is increased, the 
dark space shrinks and the electron beam current increases 
due to a corresponding increase of positive ion influx. In 
creasing the cathode voltage produces a nonlinear increase 
in beam current. Thus, beam current can be controlled by 
varying either cathode voltage or gas pressure. 
For a desired level of beam intensity, the gas pressure 

and cathode voltage must each be within a critical range 
to obtain and maintain beam mode operation. The critical 
range within which beam mode operation exists is depend 
ent primarily on the gaseous medium employed and to a 
lesser degree on the cathode voltage and geometry. A typi 
cal critical pressure range for beam mode operation is an 
argon medium and a cathode voltage of 20 kilovolts is 5 
to 10 microns for a cylindrical cathode structure 3 inches 
(”) long, 2/8 ” outside diameter, 2” inside diameter, aper 
ture wall thickness of 0.05' and aperture diameter of 5%'. 
In the copending patent application the electron beam in 
tensity is also controlled by positioning a control electrode 
or grid within the cathode cavity. A negative grid-cathode 
potential suppresses the flow of electrons from the cathode 
inner surface into the plasma, and a positive potential pre 
vents the escape of slower electrons from the plasma to 
the cathode exit aperture. A relatively small grid-cathode 
potential has a significant effect on the beam current. Thus, 
a potential in the range of a 20 to 40 volts in many cases 
reduces the beam current by 50 percent. 
The upper limit of current for each cathode is deter 

mined by the current magnitude which causes excessive 
heating of the aperture end by ion bombardment. It has 
been found that grid control can obtain this upper limit, 
but as such limit is approached, the mode of the electron 
beam changes from a desired convergent-subsequent di 
vergent form which is preferred for welding and other 
applications requiring very small spot size and high current 
density, to a very nearly parallel form that is difficult to 
focus to a prescribed small spot size. Thus, in the shielded 
single-cathode electron beam source, with or without an 
internal grid, a larger cathode must be employed to main 
tain the desired beam mode when operating at higher cur 
rent levels. 

Referring now to FIGURE 1, there is shown the gen 
eral concept of my improved plasma electron beam source. 
The electron gun assembly consists of a hollow cathode 
structure 7, preferably in the form of a cylinder although 
other shapes such as parallelepiped and spherical may be 
employed, having imperforate side walls and a single aper 
ture 8 in the center of the bottom end wall thereof where 
from the electron beam is emitted nonthermionically. The 
hollow cathode is constructed from an electrically con 
ductive material which has a relatively high melting point 
to avoid melting at the temperature to which the cathode 
may be subjected at high beam intensity even though no 
heat source as such is utilized, and preferably must not 
emit significant amounts of gas at this temperature. A suit 
able embodiment of the cathode for high temperature 
applications is a construction wherein the side, bottom and 
top end walls are constructed from a sheet of molybde 
num, although the top end wall may be constructed of 
stainless steel or copper. The cathode is conveniently as 
Sembled by welding or brazing of the end walls to the 
side walls to form a unitary structure. 
An electrically conductive shield 9, having perforate or 

imperforate side walls surrounds cathode 7 in concentric 
relationship and is electrically insulated therefrom. Shield 
9 has the same configuration as the cathode, and thus, is 
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preferably cylindrical, and has an open bottom end. Shield 
9 may be made of sheet metal such as stainless steel and 
the spacing between cathode and shield is maintained 
sufficiently small to prevent a glow discharge in that space. 
The cathode-shield spacing is dependent on the cathode 
voltage, gas pressure and cathode-shield geometry. For 
the combination of the 3' long cathode hereinabove de 
scribed, and an outer cathode to be described hereinafter, 
a shield having a 3’ outside diameter and 278' inside 
diameter has proven satisfactory. The structure of shield 
9 preferably includes a means for obtaining axial adjust 
ment of shield 9 with respect to cathode 7. A preferable 
adjustment of shield 9 is a position whereby the bottom 
end thereof is slightly above the aperture end of the outer 
cathode, approximately 42' being satisfactory. 
The electron gun assembly comprising cathode 7 and 

shield 9 is positioned within a housing designated as a 
whole by numeral 1, preferably of cylindrical shape, al 
though other forms may also be employed. Housing 1 
comprises a top end plate 2, hollow cylindrical wall 3 and 
bottom end plate 4, joined by well known methods. End 
plates 2 and 4 are constructed of an electrically conductive 
material such as metal, and wall 3 may also be constructed 
of such material, or, alternatively, may be made entirely 
or partially of a nonporous, transparent, heat resistant 
material to permit visual observation of the generated 
electron beam and its effect on an irradiated material 
or work piece 5 being processed by the beam. Work piece 
5 is maintained in alignment with the electron beam by 
means of a movable support member 6, disposed on bot- 3 
tom end plate 4 and constructed of copper or other suit 
able good electrically conductive and heat conductive 
material. The anode of the electron beam apparatus pri 
marily includes housing 1, shield 9 and support member 6. 
Suitable means (not shown) are provided to remove 
member 6 from housing 1 and thereby facilitate the inser 
tion and withdrawal of material 5 being processed therein. 

Cathode 7 is supported within housing 1 by a cathode 
stem 16 which is electrically insulated from top end plate 
2 by means of high voltage insulating bushing 17. Stem 
16 is an electrically conductive solid or hollow member 
which may be cylindrical in form and made of stainless 
steel. The solid form is employed when no internal passage 
is required for a cooling medium to remove heat being 
generated within cathode structure 7 by the plasma 11 
within the cathode cavity. The cathode is connected to the 
stem by suitable means such as welding, brazing or a 
screw arrangement. Shield 9 is connected to top end plate 
2 by suitable means such as a metallic tubular member 
49 whereby shield 9 is operable at the same potential as 
top end plate 2 relative to the cathode. A conventional 
clamping means 10 permits axial adjustment of shield 9 
with respect to cathode 7. 
The output of a high voltage direct current power sup 

ply (not shown) providing a controlled output voltage is : 
connected to terminals 14 and 15, housing 1 being main 
tained at ground potential, as illustrated, for many appli 
cations. The power supply output voltage is adjustable 
from zero to approximately 30 kilovolts, and for some 
applications may be as high as 200 kilovolts. The power 
rating of the supply is dependent upon the particular ap 
plication and may be in the order of 30 kilowatts for 
applications such as welding, brazing, melting and anneal 
ing of materials such as steel, aluminum, copper and 
refractory metals such as niobium and molybdenum. The 
negative terminal 14 of the power supply is connected to 
cathode stem 16 whereby the cathode is operable at a 
relatively high negative potential with respect to the anode. 
A suitable gas such as argon, helium, nitrogen or 

hydrogen is introduced into the interior of housing 1 
through passage 18 which may pass through any wall of 
housing 1, and for illustrative purposes is shown as pass 
ing through top end plate 2. Passage 18 is connected to a 
gas supply (not shown) through throttle valve 19 which 
regulates the rate of gas flow into housing 1. A second 
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passage 20 is preferably located in a wall of housing 1 
remote from passage 18 and is illustrated as passing 
through bottom end plate 4. An exhaust pumping device 
(not shown) is connected to passage 20 through regu 
lating valve 21 and aids in maintaining a desired gas 
pressure within housing 1. Thus, possible contamination 
of the cathode by undesired gases generated by the irradi 
ated material 5 is largely prevented with such an exhaust 
system. 
The particular improvement in the plasma electron 

beam source in accordance with my present invention is 
the provision of the electrostatic lens of adjustable strength 
hereinabove mentioned to vary the electric field within 
and around the cathode aperture 8 and thereby maintain 
the desired electron beam mode over a much wider range 
of beam intensity. The electrostatic lens consists of the 
aperture end of the cathode and an auxiliary aperture 
plate or electrode 22 which is positioned external of and 
in close proximity to the cathode aperture 8, the two 
apertures being aligned. It is recognized that shield 9 and 
the aperture end of the cathode exert an additional electro 
static lens effect. Auxiliary aperture plate 22 may be sup 
ported within housing 1 in any convenient manner and 
obtains an electrostatic lens effect having an adjustable 
strength due to an adjustable auxiliary aperture plate 
cathode potential which may be varied by external means. 
For purposes of simplicity, auxiliary aperture plate 22 is 
illustrated in FIGURE 1 as being connected to a second 
negative terminal 23 of the power supply by means of 
electrical conductor 24 which also functions to support 
auxiliary plate 22 in its position closely adjacent cathode 
aperture 8. Conductor 24 is suitably electrically insulated 
in its passage through top end plate 2. As a result, the 
electrostatic lens effect of aperture 8 which by itself does 
not sufficiently influence the electron beam divergence and 
focusability especially at higher levels of beam intensity 
is suitably modified by the auxiliary aperture plate 22, 
hereinafter described as auxiliary electrode 22 having 
adjustable potential. The combined effect of the variable 
electrostatic lens effect of aperture 8 and the controllably 
adjustable effect of electrode 22, upon correct adjustment 
of the auxiliary electrode-cathode potential, maintains the 
electron beam in the desired beam mode having beam 
convergence (a crossover point) and subsequent beam 
divergence over a wider range of beam current than ob 
tained without such auxiliary electrode. 
An external beam focusing lens 25 of the electrostatic 

or electromagnetic type is positioned approximately mid 
way between the bottom of cathode 7 and work piece 5. 
Auxiliary electrode 22 is, in general, spaced from the 
cathode within the distance of one cathode diameter, ex 
ternal focusing lens 25 is positioned at approximately 5 
to 10 diameters from the cathode. Focusing lens 25 is 
Supported within chamber 1 by means of a tube 26 through 
which pass suitable electrical conductors 27 for supplying 
electric power to the focusing lens. Thus, it may be seen 
in FIGURE 1 that the coaction of aperture 8 and auxiliary 
electrode 22 obtains a desired electron beam divergence 
that is readily focussed to a very small spot on work piece 
5 by means of focusing lens 25. 

Referring now to FIGURE 2, there is shown a specific 
embodiment of the improved plasma electron beam source 
constructed in accordance with my invention. The aux 
iliary aperture plate or electrode 22 illustrated in FIG 
URE 1 is embodied as an outer hollow electrode structure 
disposed between inner cathode 7 and shield 9 in con 
centric relationship and spaced and electrically insulated 
therefrom. Outer electrode 22 is of the same shape as 
cathode 7, the side walls of electrode 22 also being of the 
same shape as shield 9. Electrode 22 has an aperture 28 
which need not be the same size as aperture 8 but is 
aligned therewith. The cylindrical side walls of electrode 
22 (in the case of a cylindrical cathode 7) may be 
perforate or imperforate, an imperforate structure being 
preferred for purposes of structural rigidity. The sidewalls 



3,414,702 
7 

of electrode 22 need not be of imperforate construction as 
in the case of cathode 7 since positive ion bombardment 
is confined to the inner surface of cathode 7 and the 
Outer Surface of the aperture plate portion of electrode 
22. The active element of electrode 22 is the exit aperture 
end Wall (aperture plate portion) thereof, the cylindrical 
side wall portion and other parts of electrode 22 merely 
being the means for supporting the aperture wall in posi 
tion and for supplying voltage thereto. This aperture end 
Wall of electrode 22 is of imperforate construction except 
for centrally located aperture 28. For the particular 3' 
long, 2/s' outside diameter cathode 7, and 3' outside 
diameter shield hereinabove described, an outer electrode 
having the following dimensions has proven satisfactory: 
4%' long, 2/2' outside diameter, 23%' inside diameter, 
aperture wall thickness of 0.05’ and aperture diameter 
of 9A6'. 
Although the plasma electron beam source may be 

positioned within the irradiation chamber comprising 
housing by being connected through top end plate 2 as 
illustrated in FIGURE 1, it is more common to assemble 
the plasma electron beam Source as a unitary structure 
with a flange 29 as illustrated in FIGURE 2. The use of 
the flange construction permits a more simple method for 
insertion and withdrawal of the source from housing 1 as 
opposed to the case in FIGURE 1 wherein the entire top 
end plate 2 must be removed. Flange 29 may be connected 
to top end plate 2 by any well known gas-tight sealing 
technique such as an O-ring gasket 30. A bolt arrange 
ment 31 is preferably employed to maintain alignment of 
the electron beam source within top plate 2 and to assure 
electrical continuity between plate 2 and flange 29. A 
variable spacing adjustment between the aperture ends of 
inner cathode 7 and outer electrode 22 can be provided 
by incorporating a sliding vacuum seal such as an O-ring 
32 in the electrical insulators 33 which support the inner 
cathode stem 16. 

Cathode 7 and auxiliary outer electrode 22 are each 
illustrated as supported from their respective stems 16 
and 34 by Set Screw arrangements for ease of removal 
therefrom, it being understood that other connections in 
cluding permanent (welded or brazed) connections may 
also be employed. Inner cathode stem 6 may be solid 
or hollow (as shown), dependent upon whether a cathode 
cooling fluid Such as water or gas is to be circulated there 
in. A coaxial cooling circuit 47 is illustrated in FIGURE 
2. Outer electrode stem 34 of necessity must be hollow 
to retain a preferred concentric and spaced apart rela 
tionship with inner stem 16. A cooling medium may also 
be circulated through stem 34 for cooling outer electrode 
22, if desired. In the general case, inner cathode 7 is 
cooled and Outer electrode 22 is not, as shown, since only 
the inner surface of cathode 7 and outer surface of the 
aperture plate portion of electrode 22 are subject to posi 
tive ion bombardment. An electrically conductive collar 
35 is connected to outer electrode stem 34 and to high 
voltage insulating bushing 17, and provides support for 
the double stem arrangement 6, 34 is spaced apart rela 
tionship from insulator 17 to maintain the long discharge 
path over the surfaces thereof. 
Two convenient methods for varying the potential be 

tWeen inner cathode 7 and outer electrode 22 are illus 
trated in FIGURE 2, Since both the cathode and electrode 
draw electron current, although the outer electrode cur 
rent is much smaller than the inner cathode current, a 
resistance in series with either cathode or electrode will 
increase its potential with respect to ground. Thus, by con 
necting adjustable resistors in series with the cathode and 
auxiliary electrode, a range of potential differences be 
tween the inner cathode and outer electrode is obtained 
to control the electric field in the immediate vicinity of 
aperture 8. This first method of varying the inner cathode 
outer electrode potential is accomplished by variable 
resistances Such as rheostats 40 and 41 having a juncture 
thereof connected to negative terminal 14 of the high 
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voltage power supply. Adjustment of resistances 40 and 
41 obtains a variation in potential of either polarity be 
tween the cathode and auxiliary electrode over a range 
of approximately 0 to 1,000 volts. It should be understood 
that this potential could also be provided by an additional 
direct current power source. The use of variable resis 
tances 40, 41 also provides self-regulation or automatic 
stabilization of the electron beam current since a change 
in beam current due to moderate changes in the high 
voltage supplied to terminals 14 and 15 or changes in 
the pressure of the gaseous medium in housing 1 is auto 
matically corrected by the changes in voltage drops across 
resistances 40, 41 produced by the changing currents flow 
ing therethrough. The net change in these voltage drops 
is in such direction as to restore electron beam current to 
its desired value. 
A second method for varying the potential between 

the inner cathode and outer electrode is the use of a direct 
current power Source connected in Series circuit relation 
ship with each of these elements. Thus, as illustrated in 
FIGURE 2, direct current sources 42 and 43 are con 
nected in series with the inner cathode and outer elec 
trode, respectively, each battery being shunted by a Suit 
able potential divider. A juncture of the two shunted 
battery circuits is connected to negative terminal 14. The 
voltage rating of batteries 42, 43 and the position of the 
movable arms of potentiometers 44 and 45 connected 
respectively thereacross determines the polarity and 
magnitude of the potential between the cathode and 
auxiliary electrode. It is obvious that only one of the 
two methods for varying the cathode-auxiliary electrode 
potential is employed at one time, the first or series re 
sistance 40, 41 method being preferred since no addi 
tional voltage sources are required and automatic stabili 
Zation of electron beam current is obtained. 

It has been found that operating the inner cathode posi 
tive with respect to the outer electrode is more effective 
than the reverse polarity in maintaining the desired beam 
mode of operation wherein there is a beam convergence 
(actual beam crossover point) in the immediate vicinity 
of the cathode aperture and subsequent beam divergence. 
An example of the results obtained with the electron 
beam source having the heretofore described dimensions 
is as follows: Operation in a nitrogen environment at 5.2 
micron pressure, and 10 kilovolts cathode-housing poten 
tial (0.15 ampere beam current) is in the desired beam 
mode for either a single or double cathode. However, 
increasing the cathode-housing potential to 20 kilovolts 
(at 4.5 micron pressure and 0.19 ampere beam current) 
results in a change in the beam mode for the single 
cathode to a more nearly parallel beam which cannot be 
focussed to a desirably small spot size by focusing lens 
25, the spot size diameter being approximately 0.100 
inch. In the case of the double cathode at 20 kilovolts 
potential, the desired beam mode is maintained, the beam 
being focussed to a spot size diameter of approximately 
0.029 inch with a cathode-auxiliary electrode potential 
of --500 volts. 
From the foregoing description, it can be appreciated 

that my invention attains the objectives set forth and 
makes available an improved electron beam source for 
generating electron beams by nonthermionic means. The 
improved electron beam source is an electron gun assem 
bly which includes a single-aperture hollow cathode struc 
ture that is operable at a relatively high voltage, and a 
shield Substantially surrounding the cathode, the improve 
ment comprising an aperture plate positioned external 
of an aperture end of the cathode and adapted to have a 
potential applied between the cathode and aperture plate. 
For structural rigidity reasons to form a unitary structure, 
the aperture plate is in the form of a second single-aper 
ture hollow electrode structure positioned between the 
cathode and shield, concentric therewith and electrically 
insulated therefrom. Adjustment of a positive inner 
cathode-to-outer electrode potential results in a modifi 
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cation of the electric field in the immediate vicinity of 
the cathode aperture and thereby maintains the electron 
beam in a desired mode of convergence and subsequent 
divergence over a wider range of beam current than is 
possible with merely a cathode-shield assembly. Finally, 
the electron beam source herein described is also capable 
of controlling the magnitude of beam current by varia 
tion of the cathode-electrode potential, although to a 
lesser degree than in the case of the internal grid con 
trolled cathode hereinbefore mentioned. 

Having described a general and specific embodiment 
of an improved electron gun assembly which is utilized 
in an apparatus for generating an electron beam, it is 
believed obvious that modification and variation of my 
invention is possible in the light of the above teachings. 
Thus, various configurations of the cathode, outer elec 
trode and shieid may be employed, the configurations 
of the three elements in each particular application pref 
erably being the same. Further, the particular structure 
of the insulators and cathode and electrode stems for : 
supporting the electron gun assembly within the housing 
may have many forms since the particular description and 
illustration in FIGURE 2 is not deemed to be a limitation 
thereof. In particular, for ease of assembly and dis 
assembly of the electron beam source, the inner cathode 
and outer auxiliary electrode, and for that matter, also 
the shield can be open-ended structures such as cylinders 
which can be attached to top ends thereof by Suitable 
means. Finally, it is to be understood that the housing 
itself, or a recess therein, as described in the copending 
patent application, may provide the function of shield 
9, in which case shield 9, as such, is omitted and a part 
of the housing is then the shield. It is, therefore, to be 
understood that changes may be made in the particular 
embodiment as described which are within the full in 
tended scope of the invention as defined by the following 
claims. 
What I claim as new and desire to secure by Letters 

Patent of the United States is: 
1. An electron gun assembly for use in an electron 

beam irradiation apparatus which comprises an enclosure 
containing a relatively low pressure ionizable gaseous 
medium, a hollow cathode structure having a beam exit 
aperture, operating circuit means effective for operating 
said cathode and a potential sufficiently negative relative 
to an anode in the operating circuit to initiate and main 
tain a plasma within the cathode structure by the inter 
action of the gaseous medium and negative cathode-to 
anode potential thereby to effect a nonthermionic electron 
beam mode of operation of said cathode wherein an 
electron beam issues from the plasma through said aper 
ture, said cathode structure comprising 

a hollow, electrically conductive cathode member hav 
ing imperforate side walls and a single aperture in 
an end wall thereof, 

an electrically conductive shield surrounding said cath 
ode in concentric relationship and electrically in 
??ted therefrom and comprising part of the anode, 
2. 

means external of said cathode and internal of said 
shield and electrically insulated therefrom and posi 
tioned in concentric relationship therewith for con 
trolling an electric field generated in the immediate 
vicinity of the cathode aperture upon application of 
the sufficiently negative cathode-to-anode electric 
potential to thereby maintain the electron beam 
issuing from the cathode aperture in a desired mode 
of convergence and subsequent divergence over a 
relatively wide range of electron beam intensity. 

2. An electron gun assembly for use in an electron 
beam irradiation apparatus which comprises an enclosure 
containing a relatively low pressure ionizable gaseous 
medium, a hollow cathode structure having a beam exit 
aperture, operating circuit means effective for operating 
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to an anode in the operating circuit to initiate and main 
tain a plasma within the cathode structure by the inter 
action of the gaseous medium and negative cathode-to 
anode potential thereby to effect a nonthermionic elec 
tron beam mode of operation of said cathode wherein an 
electron beam issues from the plasma through said aper 
ture, said cathode structure comprising 

a first hollow, electrically conductive cathode member 
having imperforate side walls and a single aperture 
to an end wall thereof, 

an electrically conductive shield surrounding said first 
cathode member and electrically insulated therefrom, 
and 

a second hollow electrically conductive member posi 
tioned between said cathode and said shield and 
electrically insulated therefrom, said second member 
having a single aperture in an end wall thereof and 
in alignment with the cathode aperture for control 
ling an electric field generated in the immediate 
vicinity of the cathode aperture upon application of 
the sufficiently negative first cathode-to-anode elec 
tric potential to thereby maintain the electron beam 
issuing from the cathode aperture in a desired mode 
of convergence and subsequent divergence while op 
erating over a wide range of electron beam intensity. 

3. An electron beam source comprising 
a first hollow, electrically conductive cathode member 

having imperforate side walls and a single aperture 
in an end wall thereof, 

a second hollow, electrically conductive electrode mem 
ber surrounding said first cathode in concentric rela 
tionship and spaced in close proximity thereto and 
electrically insulated therefrom, said second electrode 
having a single aperture in an end wall thereof and 
in alignment with the first cathode aperture, 

an electrically conductive shield Substantially surround 
ing said second electrode in concentric relationship 
and spaced in close proximity thereto and electrically 
insulated therefrom, said shield having side walls of 
the same shape as side walls of said first cathode 
and second electrode, 

means for supporting said first cathode and second 
electrode and shield in fixed spaced apart relationship 
to form a unitary structure at least partially mounted 
within an enclosed chamber, and 

electric circuit means external of the chamber and con 
nected to selected electrically conductive parts of 
said supporting means for supplying a variable elec 
tric potential between said first cathode and second 
electrode to control an electric field generated in the 
immediate vicinity of the first cathode aperture upon 
application of a relatively high negative first cathode 
to-shield electric potential while maintaining the 
electron beam source in the interior of the chamber 
at a relatively low pressure of ionizable gaseous 
medium to thereby maintain an electron beam issu 
ing from the first cathode aperture in a desired mode 
of convergence and subsequent divergence while op 
erating over a wide range of electron beam intensity. 

4. The electron beam source set forth in claim 3 where 
in said electric circuit means comprises a first and second 
adjustable resistance respectively connected in series cir 
cuit relationship with said first cathode and said second 
electrode, said two resistances having a juncture con 
nected to a negative terminal of a power source which 
supplies the negative first cathode-to-shield potential. 

5. The electron beam source set forth in claim 3 where 
in said electric circuit means comprises a first and second 
direct current power source shunted by a potential divider 
respectively connected in series circuit relationship with 
said first cathode and said second electrode and having a 
juncture connected to a negative terminal of a power 
Source which Supplies the negative first cathode-to-shield 

said cathode and a potential sufficiently negative relative 75 potential. 



3,414,702 
1. 

6. An electron beam irradiation apparatus comprising 
a chamber, 
a hollow, electrically conductive cathode member posi 

tioned within said chamber and having imperforate 
side walls and a single aperture in an end wall 
thereof, 

an electrically conductive shield positioned within said 
chamber and substantially surrounding said cathode 
in concentric relationship and electrically insulated 
therefrom, said shield having side walls of the same 
shape as the side walls of the cathode, 

means for Supplying a relatively high negative cathode 
to-chamber electric potential, 

means for supplying a relatively low pressure ionizable 
gaseous medium to the interior of said chamber 
whereby interaction of the gaseous medium and the 
negative electric potential produces a plasma within 
the cathode cavity, and 

means positioned within said chamber external of the 
cathode and internal of said shield and concentric 
therewith for controlling an electric field in the 
immediate vicinity of the cathode aperture to thereby 
maintain an electron beam which issues from the 
plasma and passes through the cathode aperture in a 
desired mode of convergence and subsequent diver 
gence over a wide range of electron beam intensity. 

7. The apparatus Set forth in claim 6 and further com 
prising an electron beam focusing lens positioned within 
said chamber and spaced at a relatively large distance 
from the cathode aperture for focusing the electron beam 
on a workpiece being processed thereby. 

8. An electron beam irradiation apparatus comprising 
a chamber, 
a first hollow, electrically conductive cathode member 

positioned within said chamber and having imper 
forate side walls and a single aperture in an end wall 
thereof, 

a second hollow, electrically conductive electrode mem 
ber Surrounding Said first cathode in concentric rela 
tionship and electrically insulated therefrom, said 
Second electrode having a single aperture in an end 
wall thereof and in alignment with the first cathode 
aperture, 

an electrically conductive shield substantially surround 
ing said second electrode in concentric relationship 
and electrically insulated therefrom, 

means for Supplying a relatively high negative first 
cathode-to-chamber electric potential, 

means for supplying a relatively low pressure ionizable 
gaseous medium to the interior of said chamber 
whereby interaction of the gaseous medium and the 
negative electric potential produces a plasma within 
the first cathode cavity, and 

means for supplying a relatively low electric potential 
between said first cathode and second electrode to 
control an electric field in the immediate vicinity of 
the first cathode aperture and thereby maintain an 
electron beam which issues from the plasma and 
passes through the first cathode and second electrode 
apertures in a desired mode of convergence and 

5 

O 

30 

3 5 

40 

5 5 

60 

2 
Subsequent divergence over a wide range of electron 
beam intensity. 

9. An electron beam Welding apparatus comprising 
a chamber, 
a first hollow, electrically conductive cathode structure 

supported within said chamber in a fixed position 
and having imperforate side walls and a single aper 
ture in an end wall thereof, 

a second hollow, electrically conductive electrode struc 
ture supported within said chamber in a fixed posi 
tion in close proximity to the first cathode and sur 
rounding the first cathode in concentric relationship 
thereto and electrically insulated therefrom, said 
second electrode having a single aperture in an end 
Wall thereof and in alignment with the first cathode 
aperture, said second electrode having side walls of 
the same shape as the side walls of said first cathode, 

an electrically conductive shield Supported within said 
chamber in a fixed position in close proximity to said 
Second electrode and substantially surrounding said 
second electrode in concentric relationship thereto 
and electrically insulated therefrom, said shield hav 
ing side walls of the same shape as the side walls of 
said first cathode, said shield being operatively con 
nected to said chamber, 

means for supplying a relatively high negative first 
cathode-to-chamber electric potential, 

means for Supplying a relatively low pressure ionizable 
gaseous medium to the interior of said chamber 
whereby interaction of the gaseous medium and the 
negative electric potential produces a plasma within 
the first cathode cavity, and 

electric circuit means for supplying a relatively low 
variable electric potential between said first cathode 
and Second electrode to control an electric field in 
the immediate vicinity of the first cathode aperture 
and thereby maintain an electron beam in a desired 
mode of convergence and subsequent divergence over 
a wide range of electron beam intensity wherein the 
electron beam issues from the plasma and passes 
through the first cathode and second electrode aper 
tures to a workpiece being welded. 
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