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Design of Soft X-ray Tube and Simulation of Electron Beam by Using
an Electromagnetic Finite Element Method for Elimination of Static Electric Field
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The spreading tube of X-ray cathode tube displayed with an electromagnetic finite element method was designed. To analyze a
feature design and the concrete coordinate performance of soft X-ray tube modeling, the orbit of electron beam was simulated by
OPERA-3D SW program. The fixed conditions were the applied voltage, the temperature, the work function of thermal electron
between cathode and anode of tungsten. Through the analysis of distribution of electron beam and the variation of dividing region, the
design of soft X-ray spreading tube equipped with two cross filaments was optimized.
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Fig. 1. (Color online) The design and real feature of one typically
fixed anode X-ray tube included of filament (cathode), target (anode),
and bulb.
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Fig. 2. (Color online) (a) The design for a spreading electron beam of
X-ray tube with cross four filaments. (b) The definition for neighbor
spaces of X-ray tube applying for the finite element method analysis.
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Fig. 3. (Color online) (a) The analytical model and dimension for the
emission orbit of thermal electrons from two crossed filaments of the
spreaded X-ray cathode. (b) The feature of electron beam produced
from cathode and filament to anode by using OPERA-3D.
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Fig. 4. (Color online) The current density distribution of thermal
electrons for the main spread beam with one linear filament. The
spreading values of electron beams are 3.0 mm and 6.0 mm according
to (a) X-axis and (b) Y-axis, respectively.
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Fig. 5. (Color online) The current density distribution of thermal
electrons for the main spread beam with two cross filaments. The
spreading values of electron beams are 5.6 mm and 5.6 mm according
to (a) X-axis and (b) Y-axis, respectively.
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