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Numerical Analysis of Bombarding Electron Tra-
jectories in an Electron-Heated Point Cathode Gun

Ryo IIYOSHI and Hideo TAKEMATSU

An electron-heated point cathode gun has been studied for the development of a high
brightness gun with a long cathode life. Only the tip part of the tungsten point cathode is heated
by the electron bombardment. The temperature of the cathode tip can be raised even up to the
melting point. The bombarding electrons are produced from a loop filament of an annular gun
which is set inside the Wehnelt electrode of the point cathode gun. One of the most important
factors of this gun is the heating efficiency of the point cathode. In order to make clear the
dependence of the heating efficiency on various factors, we have carried out the numerical
calculation of the bombarding electron trajectories in the plane which includes the loop filament
and intersects perpendicularly the optical axis of the point cathode gun. It has been found that
the bombarding position and angle on the point cathode depend on the initial energy and angular
spreads of the electrons emitted from the loop filament as well as the magnetic field generated
by the heating current of the loop filament. The heating current of the loop filament has been
found to be a dominant factor affecting the heating efficiency, so that the use of a reasonably
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thin loop filament is desirable for the further improvement of this gun.
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Fig.1 Geometrical arrangement of electron-heated
point cathode gun. An example of potentials
on each electrode ; point cathode 0 [V],
wehnelt and shield electrodes —20[ V], anode
40 [kV7], loop filament —4 [kV] and annular
bias electrode —4.1 [kV] . Loop filament,
annular bias electrode, wehnelt and shield

construct an annular gun for cathode heating.
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Fig.2 Potential distribution and bombarding elec-
tron trajectories in r-z plane. Potential dis-
tribution is shown in equipotential lines at
intervals of 100 [V] .
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Fig.3 B,/I in r-6 plane.
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Fig.4 (a) Virtual mesh and (b) procedure for tra-
jectory calculation in r-@ plane.
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Fig.5 Relative error of h as a function of M.
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Fig.6 Bombarding electron trajectory in r-@ plane.
Bombarding position # and angle & on point
cathode depend on the initial energy E and
angle ¢ of the bombarding electron as well

as the heating current L.
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Fig.7 Bombarding position § as a function of E and
¢ in the case I=0.
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Fig.8 Bombarding position 8 as a function of E, ¢
and L.
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bombardment as a function of 1.
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