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Defects and Microstructures in the Surface Layer of Single-crystal Silicon
Induced by High-current Pulsed Electron Beam
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Abstract: In order to investigate the microstructures of nonmetallic material induced by high-speed deformation,
the high-current pulsed electron beam (HCPEB) technique was used to irradiate the single-crystal silicon. The sur-
face microstructures induced by electron beam were studied by transmission electron microscope (TEM). The ex-
perimental results showed that a large number of defect structures were formed by the HCPEB irradiation. Among
them, the typical defect structures were the parallel screw dislocations and the extrinsic stacking faults. In the
meantime, the HCPEB irradiation induced high density of vacancy cluster defects. The surface stress with very high
value and strain rate led to the integral shift of (111) crystal plane, which might be the dominating reason of the
formation of the massive vacancy cluster defects. In addition, the mixtures of nanocrystal and amorphous in the
surface of single-crystal silicon can be formed by HCPEB technique.
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Fig. 1 Dislocations in the surface layer of sample after
HCPEB irradiation

(a) Bright filed TEM image; (b) Dark filed TEM image
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Table 1 Working parameters of the HCPEB system

Beam energy/ keV Density energy/(J * cm?) Polse duration/s

Pulse frequency/Hz Beam currents/kA Beam diameter/mm

10-40 1-6 3-6

0.lor 0.2 10 60
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Fig. 2 Surface relaxation effect of screw dislocation
(a) TEM image of screw dislocation; (b) Imaging schematic diagram of screw dislocation, (1) and (2) show the spriral surface relaxation formed at
intersections of screw dislocations and foil surface; (3) and (4) show the contrast of black-white spots on the diffracting planes
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Fig. 3 TEM images of stacking fault in the single-crystal
silicon

(a) Stacking fault and dislocation loops (indicated by the black arrow);
(b) Stacking faults and point defect clusters (elliptic regions)
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Fig. 4 TEM image of dislocation loops (indicated by a) and
SFTs (indicated by b) in the single-crystal silicon after HCPEB
irradiation
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Fig. 5 HRTEM image of the single-crystal silicon after
HCPEB irradiation
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Fig. 6 Schematics of growth rate (U) and nucleation rate (Iv)
vs undercooling
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