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Design and Analysis of Magnetic Field Control in Electron Lenses for a E-Beam Writer
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ABSTRACT

The electron beam machining provides very high resolution up to nanometer scale, hence the E-beam writing
technology is rapidly growing in MEMS and nano-engineering areas. In the optical column of the e-beam writer,
there are several lenses condensing and focusing electron beams from electron gun with fringing magnetic fields. To
achieve small spot size as 1-2 nm for higher power of electron beam, magnetic lenses should be designed considering
their magnetic field distribution. In this paper, the magnetic field at two condenser lenses and object lens are
calculated with finite element method and discussed its performances.
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Fig. 1 Forces acting on a electron moving though
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Fig. 2 Diagram of electron beam optic column
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Fig. 3a. axisymmetric FE model of the column

b. 1st condensing c¢. 2nd condensing d. object lens

Fig. 3 FE model of magnetic lenses
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Fig. 4 B-H curve of material for pole pieces (pure iron)
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a. Flux Density (SUM) b. 2D Flux Line
Fig. 6 Magnetic flux at condenser lens 1{I=2A)
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a. Flux Desity (SUM) ¢. 2D Flux Line
Fig. 7 Magnetic flux at object lens (I=2A)
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a. radial (B)) b. axial (B;)
Fig. 8 Flux density of condenser lenses varying current
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Fig. 9 Flux density of the object lens varying current
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