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Fig. 1. Crystal structure of Al,O5 with ideal state and defects: (a) O vacancy defect; (b) Al vacancy defect; (c) ideal state (the gray

atoms are AlI**, the red atoms are O? and the blue circles are the defective atom positions).
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Fig. 2. Energy band profile in Al,O3 with and without in-

ternal defects.
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Fig. 3. ELFs based on momentum transfer in different directions when Al,Oj has Al vacancy defect and O vacancy defect: (a), (b),

(c) The ELFs of O vacancy defect in z, y, and z directions; (d), (e), (f) the ELFs of Al vacancy defect in z, y, and z directions. The
increments of |g| are 0.005 between 0 and 0.1, 0.02 between 0.1 and 1.5, 0.05 between 1.5 and 5.25, 0.1 between 5.25 and 6.95, and

0.5 between 7.45 and 10.95. |g| takes the unit of 21/, and a is the lattice parameter. Lines are taken in the order of one for every

four successive |g| from |g| = 0 and offset by —0.01.
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Fig. 4. Inelastic mean free paths of electrons in Al,O4 in the
ideal state, Al vacancy defect and O vacancy defect with
momentum transfer in different direction: (a) z-direction;

(b) y-direction; (c) zdirection.
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Fig. 5. Elastic mean free paths of electrons in Al,O3 under
conditions of ideal state, Al vacancy defect and O vacancy

defect.
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Fig. 6. A flow chart of Monte Carlo simulation.
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Fig. 7. Effect of vacancy defect probability on the second-
ary electron emission coefficient of Al,O3: (a) O vacancy de-
fect; (b) Al vacancy defect.
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Abstract

Based on the combination of the first-principles and Monte Carlo method, the effect of vacancy defect on
secondary electron characteristic of Al,Oj is studied in this work. The density functional theory (DFT)
calculation results show that the band structure changes when the vacancy defects exist. The existence of Al
vacancy defects results in a decrease in band gap from 5.88 to 5.28 eV, and in Fermi level below the energy of
the valence band maximum as well. Besides, the elastic mean free paths and inelastic mean free paths of
electrons in different crystal structures are also obtained. The comparison shows that the inelastic mean free
path of electrons in Al,O3 with O vacancy defects is much larger than those of Al,O5 without defects and Al,O4
with Al vacancy defects. When the energy of electrons is smaller than 50 eV, the inelastic mean free path of
electrons in Al,O5 without defects is longer than that in Al,O; with Al vacancy defects. The elastic mean free
path of electrons slightly increases when the vacancy defects exist, and the elastic mean free path of electrons in
Al,O5 with Al vacancy defects is the largest. In order to investigate the secondary electron emission
characteristics under different vacancy defect ratios, an optimized Monte Carlo algorithm is proposed. When the
ratio between O vacancy defect and Al vacancy defect increases, the simulation results show that the maximum
value of secondary electron yield decreases with the ratio of vacancy defect increasing. The existence of O
vacancy defects increases the probability of inelastic scattering of electrons, so electrons are difficult to emit
from the surface. As a result, comparing with Al vacancy defect, the SEY of Al,O3 decreases greatly under the
same ratio of O vacancy defect.

Keywords: secondary electron, vacancy defects, Monte Carlo, density functional theory
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