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Modeling of Tip Evolution of Point Cathode for

Numerical Analysis of High Brightness Electron Gun
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Abstract To study the operating characteristics of a high brightness electron gun, the

modeling of the tip evolution of a point cathode was combined with the electric field

solver using the surface charge method. The modeling is based on a numerical integration

of differential equation describing matter transport phenomena caused by surface

diffusion of atoms. The combined program makes it possible to model the tip evolution

including the effect of field force acting in opposite directions to surface tension force.

The tip evolution under high electric field was examined for different initial tip radii. The

cathode maintains a small tip radius for a long period of time, which is caused by the field

force. The modeling provides the time variations of the tip shape and the field distribution

along the tip surface.
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Fig. 1. Tip profile of a point cathode. r; is one of the radii of
principle curvatures (r, is in another normal plane, that is
perpendicular to this plane), Js is the diffusive flux, v, the
surface migration velocity, and s is the surface length from the
tip apex.
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Fig. 2. Electrode model for field determination. Electrode

system of Schottky emission gun is utilized.
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Fig. 3. Initial shape of the cathode tip. (a) Cathode tip

obtained by interpolating a hemi-sphere on a cone, the tip
radius 0.6 pm, the half cone angle 10°. (b) Cathode tip
obtained by the modeling with no field force, the tip radius
0.57 um, the half cone angle 9.8°.
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Fig. 4. Modeled shapes at the anode potential 4.3kV. T=1,800
K. Modeling was done using the initial shape shown in Fig.

3(a). After 1,200 hours, the tip radius increases to 0.83 um
and the tip position recedes to z = -0.83 um.
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Fig. 5. Distribution of the field |E(s)|] along the cathode

surface. Modeling was done using the initial shape shown in
Fig. 3(a). The tip field |E(0)| decreases as increasing the tip
radius and the tip recession.
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Fig. 6. Modeled shapes at the field strength 8.5x10% V/m.
T=1,800 K. Modeling was done for the initial shape given
in Fig. 3(b). After 1,200 hours, the tip radius of 0.57 um
remains unchanged and the tip position recedes by -0.24 um.
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Fig. 7. Distribution of the field |E(s)| along the cathode

surface. Modeling was done using the initial shape shown in
Fig. 3(b).
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3.77 kV after 1200 hours.
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