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Development of an electron gun operated at intermediate-high energies for electron
energy-loss spectrometer
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Abstract Background: In an electron energy-loss spectroscopy (EELS) experiment, the electron emitted by the
electron gun collides with atoms and molecules, and the momentum and energy of the scattered electron are analyzed
by EELS, then the information of electronic structure and collision dynamics of the target can be deduced. Purpose:
A well designed intermediate-high energy electron gun with small beam size and divergence angle is needed to satisfy
the requirement of EELS. Methods: To obtain the optimal beam condition, the electron optics software SIMION was
utilized to simulate the space size and divergence angle of the electron beam at target position, the electron gun has a
simple structure, i.e., consisting of thermionic cathode, grid electrode, anode electrode, focus electrode and deflection
plates. The tuning range of electron energy is wide (1-3 keV) and easy to operate. Results: The beam size of
0.95 mm, divergence angel of 0.93°, and beam current of 6.27 pA of the constructed electron gun was obtained at
27 mm from the exit of electron gun at a beam energy of 1.5 keV. Conclusion: An electron gun which satisfies the
requirements of EELS has been developed.
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Fig.1 Structure of the electron gun.
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Fig.2 Simulation of electronic optics for electron gun at an electron energy of 1 500 eV and the equipotential lines
of the electric field.
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Table 1 Simulated results of electronic optics at different electron energies.

TR A ML ¥, CE A KA WK EAR

Electron energy / eV Vi/V V,/V ViV Divergence angle / (°) Diameter of beam spot / mm
1000 -1 003 =590 1700 0.99 0.81

1500 —-1503 —885 2 600 0.90 0.70

1500 -1501.5 200 —-1080 0.89 0.54

2 000 -2 003 -1180 3466 0.69 0.63

2500 -2503 -1475 4334 0.58 0.54

3000 -3 003 -1770 5200 0.45 0.39
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Fig.3 Schematic diagram of the test accessory.
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Fig.4 Schematic diagram of electron density distribution.
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Fig.5 Test results of electron gun at electron energy of 1 500 eV.
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