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Fig. 1. (a) Schematic structure of of germanene spin filter.
The blue regions on the left and right side are left and right
lead. The area surrounded by red solid line is the central
device. The regions shown in gray and yellow are exerted to
the Zdirection exchange field and electric field. (b) Side
view of germanene spin filter. Red and yellow spheres rep-
resent atoms in the top and bottom buckled-layer of ger-

manene.
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Fig. 2. Relationship between the conductance G and elec-
tron Fermi energy Er when applying different values of
local exchange field M: (a) Spin-dependent conductance
with M = 0.01¢, 0.03¢, 0.05¢, 0.07¢; (b) spin-dependent
conductance with M = 0.09¢. The red solid line represents
spin-up electrons and the blue dash line represents spin-

down electrons.
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Fig. 3. (a) Energy-band diagram of germanene without external field; (b) energy-band diagram of germanene with local exchange
field M = 0.09¢; the solid (hollow) triangle represents the upper (lower) edge state, the dot represents the energy band, the red
(blue) colour corresponds to the spin-up (spin-down) electron; (¢) the spin-dependent conductance as a function of electronic energy
when M = 0.09¢t .
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Fig. 4. (a) The spin-dependent conductance as a function of electron Fermi energy Fr when M = Ag =0.01¢ and
M = Xg = 0.03¢t; (b) the spin-dependent conductance vs electron Fermi energy Er when M = Ag = 0.05¢; (c) energy-band dia-
gram of germanene with local exchange field and electric field M = Ag = 0.03¢. The solid (hollow) triangle represents the upper
(lower) edge state, the dot represents the energy band, the red (blue) colour corresponds to the spin-up (spin-down) electron.
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Abstract

Germanene, which has been synthesized recently, is a single-layered material composed of germanium
atoms. Almost all the striking properties of graphene can be transferred to germanene, because both of them
have the same honeycomb lattice structure. In contrast with graphene, germanene has a sizable band gap and
spin dependent helical edge states, which make it attractive candidate for spintronic applications. By using the
nonequilibrium Green’s function method, the effects of Z-axis local exchange field and electric field on spin-
polarized transport properties in germanene nanoribbon are studied theoretically. The results reveal that by
exerting an exchange field with a strength greater than twice the effective spin-orbit coupling to the edge region
of germanene, the spin resolved band gaps can be generated in different energy ranges, and thus 100% filtering
of spin-up or spin-down electrons can be achieved. We theoretically propose a method to reduce the threshold
exchange field strength for the spin filter effect by using the electric field. The results show that the spin-filter
effect can be achieved in a larger energy range under a weaker exchange field when the electric field are applied
to the entire central device region. With the increase of the local exchange field intensity, the energy range

corresponding to the spin filter effect will increase significantly.
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