vay bR —HRHBEFEOEFPEMRT & NE DO

Numerical Analysis of Electron Trajectories in a Schottky Electron Gun:

Evaluation of Aberrations at Different Positions of Extraction Electrode
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Abstract Electron trajectories in a Schottky emission electron gun were traced with

numerical method at different positions of the extraction electrode as keeping the tip

field constant. The aberrations of the electric field lens were examined using a relation

between the size and the divergence angle of the virtual source estimated from the

minimum cross section of the asymptotes of the traced trajectories in a field-free space

behind the extraction electrode. The aberrations are reduced as decreasing a distance

between the cathode tip and the extraction electrode. The reduction is caused by a

divergence field lens in front of the tip facet of the cathode.
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Fig. 1. Schottky emission gun.
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Fig. 2. Electrode geometry near the cathode tip
Cathode wire is 0.1 mm in diameter.
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Fig. 3. Enlarged view of the facetted cathode tip
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Fig. 4. Numerical model of electrode
70 mm X 70 mm square area
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Fig. 5. Potential distribution and electron trajectories
near the cathode tip. 1 um x 1 pum square area. Vs =
-300 V. Va1 = Var, = 6.8 kKV. Ar =20 nm. Lgp = 0.8 mm.
Eo=0eV.
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Fig. 6. Distribution of the field strength F(s) along the
cathode tip surface. The tip field is 8.5x10® V/m. The same
distribution is obtained when Lga = 0.5 mm (V= 4.2 kV),
0.75 mm (6.3 kV), and 1.0 mm (8.5 kV).
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Fig. 7. Asymptoic trajectories near the virual source at
Lsa = 0.8 mm (Va1 = 6.8 kV). V5=-300 V. E; =0 eV.
Ar =20 nm.
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Fig. 8. Virtual source diameter as a function of the
half-angle o of the asymptotic trajectories. Lsy = 0.8
mm (VA]_ =6.8 kV)
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Fig. 9. Asymptoic trajectories near the virual source at
Lsa = 0.5 mm (Va = 4.2 kV). Vs=-300 V. E; =0 eV.
Ar =20 nm.
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Fig. 10. Asymptotic trajectories near the focus for the
electrons emitted with energies of E; = 0 and 0.5 eV.
Emitting position ry = 20-100 nm. Lga = 0.8 mm.
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Fig. 11. Relation between the defocus Af and the

emitting energy E,. Emitting position ry = 3.75 nm.

The curve corresponds to the calculated values using

eg. (2) and Ccp, = 6.17 um. Ly = 0.8 mm.
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Fig. 12. Defocus Af caused by the voltage fluctuation
of the first anode. Emitting position ry = 20-100 nm.
The line is for the calculated values using eq. (3) and
Cc =3.27 um. Lgp = 0.8 mm.
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Fig. 13. Spherical aberration coefficient Cs as a
function of a distance Lga between the shield electrode
and the first anode, at the field strength of the cathode
tip 8.5x108 V/m.
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Fig. 14. Chromatic aberration coefficients Ccnand Cc
as a function of a distance Lsy, at the field strength of
the cathode tip 8.5x108 V/m.
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