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Numerical Analysis for the Image Evaluation of a Thermionic SEM
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jl Abstract }

The present study covers numerical analysis of a thermionic scanning electron microscope(SEM) column. The SEM
column contains an electron optical system in which electrons are emitted and moved to form a focused beam, and
this generates secondary electrons from the specimen surfaces, eventually making an image. The electron optical system
mainly consists of a thermionic electron gun as the beam source, the lens system, the electron control unit, and the
vacuum unit. For a systematic design of the clectron optical system, the beam trajectories are investigated through

numerical analyses by tracing the ray path of the electron beams, and the quality of resulting image is evatuated from

the analysis results.
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Fig. 1 Analysis domain for the electron-optical column
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Table 1 Basic specifications of three lenses
Excitation | No. of | Sectional Curr@nt
Lens ent(A) | tum (sz) density
curr s | areal (Alem?)
CL1 0.60 920 16.90 33.03
CL2 0.64 920 16.90 34.84
OL 1.59 600 10.45 91.56
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Fig. 3 Axial flux distribution along the centerline
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Table 2 Summary of the analysis results
Current density | Peak location | Peak flux
(d/emd (rmm) (Tesla)
CL1 33.03 95.09 0.1361
CL2 34.84 179.09 0.1427
OL 91.56 309.09 0.0679

MD coil

SD coil

Fig. 4 Deflector unit containing two deflection coils
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Fig. 5 Deflection field distribution inside the OL
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Fig. 6 Ray tracing results from the beam source to the image plane
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(b) Abemation plot on the image plane
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Fig. 7 Various results for image evaluation
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