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Fig. 1. (a) Top view of the (SVO),/(STO)s(111) superlattice, which is one of the (SVO),,/(STO), (111) 4 < m < 6;1 < n < 6)
superlattices; (b) side view of (SVO),/(STO)5(111) superlattice; (c) schematic diagram of A-AFM; (d) schematic diagram of C-AFM;
(e) schematic diagram of G-AFM; (f) schematic diagram of FM; (g) energy differences between different magnetic orders of differ-
ent superlattices. In the figure, the energy of FM states are set to zero. In figures (c)—(f) , only the Ti and V atoms are shown, the blue

balls represent the Ti atoms, the purple balls represent the spin-up V atoms, and the green balls represent the spin-down V atoms.
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Fig. 2. The interplanar distance between consecutive planes of different superlattices along the ¢ axis: (a) (SVO),;/(STO), and
(SVO0)4/(STO)s; (b) (SVO)5/(STO); and (SVO)5/(STO)4; (¢) (SVO)g/(STO)3 and (SVO)s/(STO)s.
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Fig. 3. Comparison of band structures and total state densities near the Fermi level of different superlattices: (a) (SVO)s/
(STO), (111); (b) (SV0),/(STO), (111); (¢) (SVO),/(STO), (111); (d) (SVO),/(STO), (111); (e) (SVO),/(STO); (111); (f) (SVO),/
(STO)g (111). The inset shows the Brillouin zone and the special points. Black and red lines are spin-up and spin-down states,

respectively; the Fermi level is located at 0 eV (dotted black line)
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Fig. 4. (a), (b) Layer-resolved partial DOS of (SVO);/(STO),(111) and (SVO),/(STO), (111) superlattices. Light gray and dark
gray areas are spin-up and spin-down states, respectively. The Fermi level is located at 0 eV (dotted black line).
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Fig. 6. The partial density of states of V 3d orbitals of different superlattices: (a) (SVO)5/(STO); (111); (b) (SVO),/(STO), (111);
(c) (SVO)4/(STO); (111); (d) (SVO)5/(STO), (111); (e) (SVO),/(STO); (111); (f) (SVO)s/(STO)g (111). Among them, the posi-
tion of the V atoms in figure (b) are consistent with the position of the V atoms in Fig. 1(b). The arrangement of V atoms in the
rest of the models is similar to the arrangement of V atoms in Fig. 1(b). The atomic numbers get bigger and bigger from the
bottom up. The Fermi level is located at 0 eV (dotted black line).

#2 (SV0),/(STO), (111) &£ Ak V Il O MR KRR BRE, SERp V EFHESISE 1(b) BV ETFHE

AL, WL BV RTHY7ssh
Table 2.  Magnetic moments of V and O atoms and the total magnetic moments of (SVO),,/(STO),, (111) superlattices.
The arrangement of V atoms in the models is similar to the arrangement of V atoms in Fig. 1(b). The atomic numbers get

bigger and bigger from the bottom up.

m/n 5/1 4/2 6/3 5/4 4/5 6/6
M_v,/ug 1.13 1.01 1.00 1.00 1.00 1.01
M_vs/up 1.18 1.20 1.02 1.02 1.01 1.00
M_vs/ug 1.04 1.20 1.00 1.02 1.01 1.02
M_vy/up 1.04 1.01 1.02 1.00 1.00 1.01
M_vs/up 1.18 1.00 1.00 1.01
M_ve/up 1.00 1.01

M_viota/tin 5.57 4.42 6.04 5.04 4.02 6.06
M_o/up -0.93 -0.74 -0.32 -0.28 -0.23 -0.34
M_ roral/ 1B 5.0 4.0 6.0 5.0 4.0 6.0
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Fig. 7. (a) Top view of (SVO)5/(STy5V50),/(STO)3(111) superlattice containing the defect interface; (b) side view of (SVO)s/
(STy5V050)1/(STO)3(111) superlattice; (c¢) —(h) comparison of total state densities near the Fermi level for the different
superlattices, (c) (SVO);/(STy5V50)1(111); (d) (SVO)s/(STy5V050):/(STO),(111); (e) (SVO)s/(STo5V50)1/(STO)y(111);
() (SVO)s/(STy5V050)1/(STO)3(111); (g) (SVO)4/(STy5V50)1/(STO)4(111); (h) (SVO)s/(STy5V050)1/(STO)5(111). Black and
red lines are spin-up and spin-down states, respectively. The Fermi level is located at 0 eV (dotted black line).
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Table 3. Band gaps of spin-up states of (SVO),,/

(STO),(111) superlattices with ideal or defect inter-
faces.

Band gap of spin-up states/eV
m/n 5/1 4/2 6/3 5/4 4/5 6/6
Ideal interfaces 0 0 0.28 0.51 1.00 0.48
0.69 056 0.74 1.03 0.77

Defect interfaces 0

4 %

ARSOR P2 T3 B0 R S I 25— PR, &R
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Abstract

In this work, the first-principle calculations based on density functional theory (DFT) are employed to
investigate the electronic and magnetic properties of SrVO;/SrTiO3(111) superlattices. The studies show that
the transition from ferromagnetic half-metal to ferromagnetic insulator can be achieved by adjusting the
thickness of the spacer-layer SrTiOs. The interlayer coupling between the SrVOj; sublayers can occur across two
unit-cell (uc) distance of SrTiO;, and the superlattice is ferromagnetic half-metal. When the SrTiO4 sublayers
are 3uc, a small band gap (about 0.28 eV) appears in the superlattice. When the SrTiO; sublayers are more
than 3uc, the superlattice has a large band gap and exhibits ferromagnetic insulating state. Further studies
show that the Ti-V mixed defects play an important role in realizing the transition of metal-insulator.
Compared with the ideal interface, the Ti-V mixed interface can inhibit the interlayer coupling and induce the
transition of ferromagnetic half-metal to ferromagnetic insulator. These results provide a theoretical basis for
the transition of ferromagnetic half-metal to ferromagnetic insulator by adjusting the number of SrTiO5 layers
in SrVO;3/SrTiO3(111) superlattices.

Keywords: superlattice, metal-insulator transition, ferromagnetic half-metal, ferromagnetic insulator
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