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Numerical Analysis of Electron Trajectories and Evaluation of Aberrations
in a Schottky-Type Field Emission Gun
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Abstract Electron trajectories in a Schottky-type field emission gun were traced by

solving the equation of motion directly, and the size and position as well as the

divergence angle of the effective source were examined projecting the asymptote of
each trajectory in the field-free space behind the anode back toward the cathode. The

numerical analysis, combined with the field determination by the surface charge method,

allowed the estimation of the influences of spherical and chromatic aberrations on the

effective source size. The aberrations largely vary with the second anode voltage and

restrict the beam angle giving the attainable minimum source size.
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Fig. 1. Schottky emission gun. Cylindrical part of
the Schottky shield is about 20 mm in diameter.
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Fig. 2. Electrode geometry near the cathode tip.
Cathode wire is 0.1 mm in diameter.

Fig. 3. Enlarged view of the facetted cathode tip
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Fig. 4. The field strength F on the tip of different radii

and the field strength giving the energy width of
electrons of AE = 0.5 eV.
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Fig. 5. Numerical model of electrodes.
70 mm x 70 mm square area.
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Fig. 6. Potential distribution and the electron trajectories
near the cathode tip. 1 pm x 1 pm square area. E; = 0 eV.
VS =-300 V. VA]_ =43 kV. VAZ =30 kV.
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Fig. 12. Electron trajectories at the second anode
voltage Vp, = 4.3-30 kV. Emitting position ro= 0.1 um.
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Fig. 13. Electron trajectories at the second anode
voltage Va, = 1-4.3 kV. Emitting position ro= 0.1 pum.
The divergence angle is increased before the second

anode due to the retarding field.
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virtual source size, as a function of the second anode
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