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Fig. 1. Geometric and electronic structures of NiBr, monolayer (NiBry-ML): (a) Schematic diagram of the top and side views of

NiBry,-ML (2 axis refers to the zigzag direction of NiBr,-ML, and y axis indicates its armchair direction); (b) phonon band and pro-

jected phonon density of states (Ph-DOS); element-projected band structures and density of states (DOS) for (c) the spin-up and

(d) spin-down states. The Fermi level (Ey) is shifted to zero.
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Fig. 2. Three-dimensional (3D) views of the conduction and

valence bands for the (a) spin-up and (b) spin-down states
around the I" point, and (c¢)—(f) their 2D projections in the
first Brillouin zone. The colorbar shows the eigenvalues of
bands from low (red) to high (purple).
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Fig. 3. Spin-resolved transport properties of PN-junction diodes of NiBry-ML: (a) Schematic of the PN-junction diodes of NiBry-ML.
(b) IV and polarization ratio (PR) curves of Z-type PN-junction diode of NiBry-ML; (c) rectifying ratio curve of Z-type PN-junc-
tion diode of NiBro-ML; (d)—(f) spin-resolved transmission spectra T(E) and projected local density of states under the biases of 0,
—0.8, and 0.8 V, where the top panel and bottom panel correspond to spin-up and spin-down state, respectively. The colorbar shows
the data from 0 (white) to high (blue).
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Fig. 4. Device properties of the PN-junction diodes of
NiBry-ML: (a) Difference conductance curves of Z-type PN-
junction diodes of NiBry,-ML; (b) bias-dependent transmis-
sion spectra for the spin-up and spin-down states; (c¢) k-de-
pendent transmission coefficients T(E, k) at —0.8 V. The
colormap shows the T(E, k) from 0 (white) to high (blue).
Top and bottom panel in (b) and (c¢) correspond to spin-up

and spin-down state, respectively.
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Spin transport characteristics and photoelectric properties of
magnetic semiconductor NiBr, monolayer”
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Abstract

Magnetic semiconductor materials have potential applications in spintronic devices. In this work, some
nano-device structures based on the magnetic semiconductor NiBr, monolayer (NiBry-ML) are designed, their
spin-resolved transport and photoelectric properties are studied by using density functional theory combined
with non-equilibrium Green’s function method. The results show that both the NiBry,-ML PN-junction diodes
and sub-3 nanometer PIN-junction field-effect transistors (FETs) exhibit the significant rectification and spin
filtering effects in either the armchair or the zigzag direction. The gates can obviously tune the electron
transmission of the PIN-junction FETSs. The current is significantly suppressed with the increase of gate voltage.
In addition, NiBro-ML has a strong response to the blue and green light, thus its phototransistor can generate a
strong photocurrent under the irradiation of blue and green light. The research results in this paper reveal the
multifunctional characteristics of NiBry-ML, which provides an important reference for the application of nickel-

based dihalides in semiconductor spintronic devices and optoelectronic devices.
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