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Numerical Analysis of Electric Field of Schottky Cathode

by Surface Charge Method
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Abstract Electric field of the ZrO/W Schottky cathode has been analyzed with the surface
charge method. Numerical model consists of the Schottky cathode with the faceted tip, the
Schottky shield electrode (suppressor), the first anode (extractor) and the second anode. The
field distribution on the tip surface was obtained from the charge density distribution. The
dependence of the field strength on the tip radius was examined using the cathode models
with different tip radii of 0.2 - 1 pm. An expression for the field factor was derived from the
numerical results. Dependences of the field strength on the cathode tip position and the

distance from the shield to first anode were also described.
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Fig. 1 Energy distribution of electrons N(E)AE) in
ZrO/W and the potential barriers near the surface for
different values of the field strength F.
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Fig. 3 Electrode geometry near the cathode tip.
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Fig. 4 Tip shape of the cathode.
(a) Spherical tip and (b) faceted tip.
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Table 1. Working voltages.

1st anode Vy; Schottky shield Vg Ref.

5kV -500V 2)

3-20kV -300 - -2 kV 4)

— -300V 7

6 kV 240V 8)
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Fig. S Potential distribution and the numerical model.
Equi-potentials: 1.5 kV step. V= 3.3 kV, Vg=-300V,
V4=50%kV. 70 mm x 70 mm area.
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Fig. 6 Potential distribution between the Schottky
shied and the 1st anode. 100 V step. V4= 3.3 kV,
Vs=-300V, V4= 50kV. 1.5 mm x 1.5 mm area.
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Fig. 7 Potential distribution near the cathode tip.
25 V step. (a) Spherical tip. (b) Faceted tip. Tip
radius 0.4 pm. V4= 3.3 kV, Vs=-300 V. 1.5 pm x

1.5 pm area.
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Fig. 8 Comparison of the field distributions on the
spherical and faceted tips as a function of the
surface length s [um]. Tip radius 0.4 um. Facet end:
s=0.12 [pm]. V;= 3.3 kV. V5=-300 V.
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Fig. 10 Field strength in the centre of the faceted

cathode as a function of the 1st anode voltage V.
Tip radius 0.2, 04, 0.6, 0.8 and 1 pm. Vg=-300 V.
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Fig. 11 Comparison of the field strengths calculated
with the surface charge method (F_SCM), eq.(18)
(F_aprx Swan) and eq.(21) (F_aprx ours). V= 3.3
kV and Vg=-300 V.
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Fig. 12 Influence of the Schottky shield bias voltage
on the field strength at the centre of the facet. Tip
radius 0.4 pm. V,4;=3.3 kV.
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Fig. 13 Influence of the cathode tip position h on the

field strength at the centre of the facet. Tip radius 0.4

pm. V4;=3.3kV and Vg=-300 V.
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Fig. 14 Influence of the distance Lgy on the field
strength at the centre of the facet. Tip radius 0.4 pm.
V4=3.3kV and Vg=-300 V. h=0.25 mm
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