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Fig. 1 Geometric structures and stability of 1D helical Se atomic chain: (a) shows the top
and side views of the structure; (b) the total energi%s vs the lattice constant for both the helical and
linear chains; (c) the simulated phonon spectrum; (d) results from ab initio molecular dynamics

simulations at 300 K. The black box in (a) represents the primitive cell. Insets in (d) shows the

initial and final geometric structures during the simulation.
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Fig. 2 Band structures of the 1D helical Se atomic chain without (a) and with (b) spin-orbit
coupling (SOC). (c¢) shows the conduction ban(fs near X from SOC calculations. The Rashba

energy and momentum offsets are shown in (c).
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Fig.3 Strain tuning of the 1D helical Se atomic chain: (a) band gap vs strain; (b) the Rashba
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energy (upper panel) and momentum (lower panel) offsets. € is defined as € = , where a, is
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the equilibrium lattice constant and a for those under strains.
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Fig. 4 Effects of hole doping on the electronic structure of 1D helical Se atomic chain:
(a)magnetism (magnetic momentum per Se) vs the number of holes in per unit cell; (b) - (c) band
structures of 1D chain for_differént levels of hole doping, i.e., Ny = 1.0 h/u.c and 2.0 h/u.c,

respectively. FM denotes.thé ferromagnetic ordering.
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Abstract
Tuning the electronic properties of low-dimensional materials is helpful
for building nanoelectronic devices. Here, we investigate the structural
and electronic structures of one-dimensional helical Se atomic chain using
first-principles calculations. Our results find that this structure’has a much
lower energy than the one with a straight-line structute. \QOur phonon
calculations and ab initio molecular dynamics simulations suggest that
this structure is both dynamically and thermally,stable. The band structure
shows that it is a semiconductor with{algap of about 2.0 eV with
Rashba-type splitting near the X point:{The helical structure is good for
tuning the electronic properties using strains. As a result, a 5% strain
leads to a 20% change in the band 'gap while the Rashba energy offset is
doubled. Moreover, wesfind that the valence band is a flat band, over
which hole dopingican induce ferromagnetism and the system becomes a
half-metal. Furthet, increasing the doping level can drive the system to be
a ferromagnetic metal. Such a strategy is then applied to the Te

counterpart and similar results are obtained.

Keywords: one-dimensional atomic chain, Rashba effect, electronic structure, strain tuning,

flat band
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