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[57] ABSTRACT 
A method and an apparatus for controlling the angle of 
incidence of low-energy, high current density electron 
beams are disclosed. The apparatus includes a current 
generating diode arrangement with a mesh anode for 
producing a drifting electron beam. An auxiliary 
grounded screen electrode is placed between the anode 
and a target for controlling the average angle of inci-
dence of electrons in the drifting electron beam. Ac-
cording to the method of the present invention, move-
ment of the auxiliary screen electrode relative to the 
target and the anode permits reliable and reproducible 
adjustment of the average angle of incidence of the 
electrons in low energy, high current density relativistic 
electron beams. 

6 Claims, 1 Drawing Figure 
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METHOD FOR CONTROLLING LOW-ENERGY 
HIGH CURRENT DENSITY ELECTRON BEAMS 

RIGHTS OF THE GOVERNMENT 5 

The invention described herein may be manufactured, 
used and licensed by or for the U.S. Government for 
Governmental purposes without the payment to us of 
any royalty thereon. 

BACKGROUND OF THE INVENTION 10 

1. Field of the Invention 
The present invention relates to a method and appara-

tus for controlling electron beams, and more particu-
larly to a method and apparatus for controlling the 15 
average angle of incidence of low-energy, high current 
density relativistic electron beams. 

2. Description of the Prior Art 
In the development of pulsed relativistic electron 

beams of very high current density, a major problem 20 
existing in the past was characterization of the proper-
ties and the behavior of the electrons in the beam such 
that an accurate calculation could be made of the elec-
tron deposition in a sample exposed to such a beam. The 
energy range of the beams in question lies from a few 25 
Kev up to approximately 100 Kev, since in this energy 
range, considered a low energy range in terms of rela-
tivistic electron beams, strong interactions occur among 
the electrons which cause unpredictible beam behavior 
patterns. At significantly lower energies and at substan- 30 
tially higher energies the same problems either do not 
exist or are substantially negated by extremely high 
electron velocities and energies. 

A specific problem area exists in the control of an 
electron beam, in the energy range mentioned above, 35 
which is freely drifting in a vacuum. The behavior of 
such a beam as it drifts through a vacuum is strongly 
affected by electromagnetic interactions between the 
electrons and by the magnetic field forces generated by 
the electron current, which force electrons to move in 40 
directions transverse to the beam propagation direction. 
The result is that electrons will eventually reach a tar-
get zone unknown angles of incidence. Since it is desir-
able in many experimental uses of such beams to calcu-
late the energy deposition profile of the beam, knowl- 45 
edge of the angle of incidence of the electrons is ex-
tremely important since an accurate energy deposition 
profile cannot be determined without accurate knowl-
edge of the average angle of incidence of the electrons. 
The angle of incidence of electrons in drifting beams of 50 
the type described has generally been unknown in the 
past, so that no satisfactory experiments could be car-
ried out which required an accurate determination of 
the energy deposition profile. 

A number of techniques for attempting to control the 55 
average angle of incidence of such electron beams have 
been unsuccessfully attempted. For example, it has been 
determined that changing the profile of the boundary 
walls surrounding a drifting electron beam of the type 
described does not permit any control of the average 60 
electron angle of incidence. Furthermore, it has been 
determined that the use of charged dielectric boundary 
walls surrounding the drifting beam does not permit 
control of the angle of incidence, because electron 
beams are unable to drift in a reproducible manner in 65 
such an environment. Complex schemes such as chang-
ing the parameters of beam-generating diodes, or repo-
sitioning target zones relative to the diodes along with 
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the use of beam fluence attenuators have all been con-
sidered in the past. However, such techniques are con-
sidered impractical since it would be unlikely that all 
combinations of machine diode parameters would pro-
vide good reproducible beams which could be reliably 
used for experimental purposes. Furthermore, modifica-
tions of beam generating diode parameters would inher-
ently mean use of several beams with somewhat differ-
ing electron energy spectra, thereby imposing an unde-
sirable variation among the beams to be used. 

SUMMARY OF THE INVENTION 
Accordingly, one object of this invention is to pro-

vide a novel method for controlling low-energy, high 
current density relativistic electron beams. 

Another object of the present invention is the provi-
sion of a novel method for controlling the average angle 
of incidence of electrons in low-energy, high current 
density relativistic electron beams. 

Yet another object of the present invention is the 
provision of a novel apparatus for controlling the aver-
age angle of incidence of electrons in low-energy, high 
current density relativistic electron beams. 

Briefly, these and other objects of the present inven-
tion are accomplished by providing an auxiliary screen 
electrode maintained at ground potential between the 
anode electrode of a beam generating diode and a tar-
get. The position of the auxiliary electrode relative to 
the anode screen of the generating diode and the target 
may be adjusted for adjusting the average angle of inci-
dence of electrons in low-energy, high current density 
relativistic electron beams generated by the diode. 

BRIEF DESCRIPTION OF THE DRAWINGS 
A more complete appreciation of the invention and 

many of the attendant advantages thereof will be 
readily obtained as the same becomes better understood 
by reference to the following detailed description when 
considered in connection with the accompanying draw-
ings, wherein: 

The FIGURE is a partially schematic cut-away side 
view of one embodiment of the apparatus of the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings, the apparatus of the 
present invention will now be described in detail. A 
conventional mounting shank 10 is illustrated for sup-
porting the apparatus of the present invention. It is to be 
understood that the illustrated apparatus is mounted 
within an evacuated environment. An insulating ring 
having a generally frusto-conically shaped interior ap-
erture is secured to an outer face of the mounting shank 
10. At the center of the aperture defined by the insulat-
ing ring 12 is mounted a cathode 14 to which is coupled 
a conventional high voltage (i.e. on the order to 90 kV) 
voltage source (not shown). 

A mesh anode 16 is positioned in front of the cathode 
14 and is secured to and held in position by an anode 
holder 18 formed of a conductive material. A conduc-
tive ground plate 20 which is maintained at a suitable 
reference potential such as ground, is secured to the 
anode holder by a conductive linking member 22 
whereby the mesh anode 16 is maintained at ground 
potential. A guide cone 24 is secured to the anode 
holder 18 and defines a central opening 26 through 
which the electron beam passes. The guide cone 24, 
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which is of a generally annular shape, is preferably 
constructed of metal (brass in this case) and serves to 
minimize shot-to-shot variations in beam position, size, 
uniformity or total energy. 

An auxiliary mesh electrode 28 which is employed in 5 
accordance with the present invention is shown engag-
ing the surface of the guide cone facing cathode 14, The 
position of the auxiliary electrode may be adjusted, as 
will be explained in more detail subsequently. 

A beam target enclosure 30 is coupled to the rear jq 
surface of the anode holder and guide cone structure 
and serves to enclose a target holder 32. A conventional 
calorimeter 34 is mounted within the target holder and 
engages a target element 36 for measuring absorption of 
the target element. 15 

Returning again to the auxiliarly mesh electrode 28, it 
is pointed out that this electrode is preferably a 
grounded metal screen formed of tungsten or a suitable 
equivalent material and preferably being between 35 
and 70% transmitting. In general, a screen of this type is 2Q 
more opaque to electrons with a large transverse veloc-
ity component than to electrons with a relatively small 
transverse velocity component. Accordingly, the 
screen will tend to reduce transmission of electrons 
having large transverse velocity components. The 
changed electrical configuration of the drift region may 
also be an aid in reducing the transverse components. 
Positioning of the auxiliary electrode 28 in the illus-
trated apparatus is important. If the electrode is posi-
tioned too close to the anode 16, it will simply attenuate 
the output beam withot altering its properties in the ^ 
desired manner. The auxiliary electrode is preferably 
positioned at a point where the internal forces within 
the drifting beam have become apparent, that is, where 
the beam has begun to "pinch". Typically, this position 
will be at about 0.2 inches of drift instance for an elec- 3 5 

tron beam having 25 to 30 Kev average energy and 
having 10 to 15 kiloamp peak current in order to pro-
vide an average electron angle of incidence of about 45° 
at a target positioned 0.4 inches behind the auxiliary 
electrode. Smaller average angles of incidence are ob-
tamable by moving the auxiliary electrode closer to the 
target position, while large averge angles of incidence 
are obtained by moving the auxiliary electrode closer to 
the anode 16. 

The main significance of the present invention lies not 4 5 

so much in the fact that it can be used to adjust the 
average angle of incidence of drifting electrons in a 
relativistic beam having relatively low energy electrons 
and high current density, but rather in the fact that it 
permits maintaining a constant known average angle of 5 0 

incidence. Knowledge of the average angle of incidence 
is important in a number of kinds of experimental stud-
ies, such as those involving damage phenomena, since 
one cannot accurately determine the energy deposition 
profile of a substance without knowing the average 55 
angle of incidence of impinging electrons. In other 
words, electron penetration of a target, which deter-
mines the energy deposition profile, is highly dependent 
upon the average angle of incidence of electrons. Thus 
the method and apparatus of the present invention per- 60 
mits one to maintain a constant angle of incidence so 
that reliable and reproducible experimental procedures 
can be carried out. 

Determination of the average angle of incidence pro-
duced by a given auxiliary electrode position may be 65 
accomplished as follows. An experimental energy depo-
sition profile is obtained by inserting thin aluminum foils 
into the electron beam at the position of the target ele-
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ment 36, and measuring the charge transmitted through 
these foils by conventional techniques. By incremen-
tally increasing the foil thickness, a charge deposition 
profile is obtained which is compared with that calcu-
lated using the known energy spectrum of the electron 
beam. The energy deposition profile is then calculated 
experimentally a number of times using different arbi-
trarily selected values of the angle of incidence. These 
calculations may, for example, be carried out by com-
puter so that they may be conducted very rapidly. The 
calculations are carried out for differing values of the 
angle of incidence until the closest match to the experi-
mentally determined energy deposition profile is found. 
This value is then interpreted to be the average angle of 
incidence of the beam electrons. 

We wish it to be understood that we do not desire to 
be limited to the exact details of constructed shown and 
described, for obvious modifications can be made by a 
person skilled in the art. 

What is claimed as new and desired to be secured by 
Letters Patent of the U.S. is: 

1. A method of controlling the angle of incidence of 
electrons in low energy, high current density, pulsed 
relativistic electron beams comprising the steps of: 

producing a freely drifting electron beam; 
placing a grounded mesh electrode in the path of said 

beam; 
said step of producing further includes the steps of 

accelerating an electron beam from a cathode elec-
trode to an anode electrode through a significant 
potential difference; and, 

said step of placing includes the step of positioning 
said grounded mesh electrode between said anode 
and a target at a point where internal forces within 
the drifting beam have become apparent. 

2. A method as in claim 1, wherein said step of locat-
ing further comprises the step of: 

positioning said auxiliary electrode where said beam 
has begun to pinch. 

3. A method as in claim 2, wherein said step of posi-
tioning further comprises the step of: 

locating said auxiliary electrode at approximately 0.2 
inches of drift distance when said electron beam is 
in the range of from 25 to 30 kev and 10 to 15 ki-
loamp peak current. 

4. An apparatus for controlling the angle of incidence 
of electrons in low energy, high current density, pulsed 
relativistic electron beams comprising: 

diode means for producing a drifting electron beam; 
auxiliary electrode means coupled to said diode 

means and positioned within the path of said drift-
ing electron beam at a point where internal forces 
within the drifting beam have become apparent; 

said diode means includes a cathode electrode and an 
anode electrode, said anode electrode comprising a 
grounded mesh electrode for transmitting a beam of 
electrons from said cathode; and 

said auxiliarly mesh electrode is grounded and is posi-
tioned near said mesh anode on the opposite side 
thereof relative to said cathode. 

5. An apparatus as in claim 4 further comprising: 
a guide cone element defining a beam aperture; and, 
a target positioned in the path of said beam at a dis-

tance from said auxiliary electrode means. 
6. An apparatus as in claim 4, wherein: 
said auxiliary electrode engages and is in electrical 

contact with said guide cone. 
* * * * * 


