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Abstract: We used density functional theory (DFT) to study the stable geometry structures and electronic structures
of X-doped (X=B, Al and Ga) single-walled (14,0) silicon nanotubes (SiNTs). The results show that the stable struc-
ture of SiNTs is a pucked tubular structure; the stability of SiNTs can be improved by doping with B, Al and Ga.
Intrinsic (14,0) SiNTs is a narrow band-gap metal materials. The band gaps of SiNTs become wider, and realizes the
transition from metal to semiconductor by doping with B, Al and Ga. With the atomic number of group Il elements
increases, the stability of its doping system continues to decrease, and the corresponding band gap also decreases.
B, Al and Ga doped single-wall zigzag (14,0) SiNTs have nearly uniform optical properties, which have strong opti-

cal absorption for ultraviolet light and a good improvement on infrared and visible light absorption.
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Fig.2 Intrinsic (a), B-doped (b), Al-doped (c) and Ga-doped (d) SiNTs with optimized structure
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Fig.3 Partial outline view of an intrinsic silicon nanotube and its doping system: (a) intrinsic silicon nanotube; (b, ¢) optimized

intrinsic SiNTs; (d) B-doped; (e) Al-doped; (f) Ga-doped
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Table 1 Bond angles and lengths of intrinsic SiNTs and its doping systems

Model Yal(®) d(Si-X)" / nm

SINT 358.766 (Fig.3a) 0.2214
337.022 (Fig.3b)

SiNT(optimized) 0.227 5
358.677 (Fig.3c)

SINT-B 357.912 (Fig.3d) 0.194 4

SINT-Al 358.361 (Fig.3e 0.238 7

SINT-Ga 357.967 (Fig.3f) 0.2358

*X=8i, B, Al, Ga
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Fig.5 Band structures of intrinsic (a), B-doped (b), Al-doped (c) and Ga-doped (d) zigzag (14, 0) SiNTs

#®2 SiNTs#BZA1/E TDOS T#E 3 &R
Table 2 Distribution of TDOS contribution for SiNTs before and after doping

Model Bottom of conduction band Top of valence band Bottom of valence band
SiNT Si3p, Si3s Si3p Si3s, Si3p
SiNT-B Si3p, Si3s, B2p, B2s Si3p, B2p Si3p, Si3s, B2s, B2p
SiNT-Al Si3p, Si3s, Al3p, Al3s Si3p, Al3p Si3p, Si3s, Al3s
SiNT-Ga Si3s, Si3p, Gads, Gadp Si3p, Gadp Si3p, Si3s, Gads
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