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Fig. 1. (color online) (a) Supercell of half-Heusler CoTiSb; (b) Ni-Sb supercell by substituting Ni for Ti;
(c¢) Ni-Ti supercell by substituting Ni for Sb; (d) Ni-Ni supercell by substituting Ni for Ti and Sb.
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Fig. 2. Band structures of supercells with different Ni-based single atomic chains: (a) Band structures of

Ni-Sb supercell; (b) band structures of Ni-Ti supercell; (¢) band structures of Ni-Ni supercell.
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Fig. 3. (color online) The total and partial DOS of supercells with different Ni-based single atomic chains: (a) The total
and partial DOS of Ni-Sb supercell; (b) the total and partial DOS of Ni-Ti supercell; (c) the total and partial DOS of Ni-Ni

supercell.
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Fig. 4. (color online) The PDOS of atoms in the nearest, the second nearest, the third nearest and the forth nearest atomic
chains of Ni-Sb (a), Ni-Ti (b) and Ni-Ni (c) single atomic chain.
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Table 1. The calculated magnetic moments (M) for

Ni, Co, Ti, Sb and the complete supercell (total) of
Ni-Sb, Ni-Ti and Ni-Ni supercells.

M(Ni-Sb)/up  M(Ni-Ti)/pp  M(Ni-Ni)/up

Total 2.0 2.0 1.0
Nil 0.8 0.84 0.16
Ni2 — — 0.2
Col 0.34 —-0.1 0.1
Co2 0 0 0
Co3 0 0 0
Til —0.04 0.28 0.04
Ti2 —0.04 0.16 0.02
Ti3 —0.02 0.16 —0.02
Ti4 —0.02 0.04 —0.02
Tid — 0 —
Sb1l 0.06 0 0.02
Sb2 0.02 0 0
Sb3 0 0 0
Sb4 0 0 0
Sbs 0 0 0
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AR (19 T T AR AR o) % 1) VS 4D T P52 T
AT, BT I R g ok A BA R 1 B LR,
DA 3R 5 A R T S L R A, RS B
A IR A R FRATRRIE St g5 SR IR 4R T
— MBI E R, 0, EHFERE, £5
G SCHR [14] P, AR TR R I R e R L B
Ti A1 Sb JE B Ni-Ni 58 J5 785 (115 0L, MFRATTHI 45 5
A LLE H, RO GG R A REA] PR B 100% (1) H
FEM AR, L b XAESE AT LUE/E— 2% Ni
JE 8% B4 N, X AE SERR A& R N 5 SEI. 5
Hb, A IIE K I Fe 5% 5 (Mg 14 CoTiSb #4
BLEH & T 700 KK F B UL 3 i A5
4 Ni$5 4% )5 B9 CoTiSb M K} A #E BB 1R & 1 &
HERE.
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Abstract

Since the spin-transfer effect was predicted in 1996, the direct-current-switched magnetic storage has received much
attention. A slender nanopillar with high spin-polarized ratio of the conductive electrons is the most favorable for realizing
the direct-current-switched magnetic memory. Wang et al. (Sup. Mic. 2015 86 493) showed a supercell idea used to
design the nanopillar array in a semiconductor matrix. Based on this idea, in this paper, the Ni-based single atomic
chains are designed in the semiconductive CoTiSb matrix by continuously substituting Ni for Ti, Sb, or Ti-Sb in the
[001] crystallographic direction. These single atomic chains are uniformly distributed in the matrix. We investigate the
electronic structures and magnetic properties of CoTiSb supercells with the Ni-based single atomic chains by using the
first-principle calculations. The calculation results show that the single atomic chains of Ni-Sb (achieved by substituting
Ni for Ti) have a high spin polarization and hole conduction properties. The single atomic chain of Ni-Ti (achieved by
substituting Ni for Sb) and Ni-Ni single atomic chain (achieved by substituting Ni for Ti and Sb) both have a 100%
spin polarization ration at the Fermi level. The Ni-based single atomic chain has an effect on the electronic structures
of other atoms surrounding it in about a lattice length and forms a nanopillar with the center of the Ni-based single
atomic chain. We predict that CoTiSb matrixes with the Ni-Ti and Ni-Ni single atomic chains will be good candidates

for the direct-current-switched magnetic storage.
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