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Engineering the electronic band structure of material sys-
tems enables the unprecedented exploration of new physical
properties that are absent in natural or as-synthetic materials.
Electronic structures of bilayer two-dimensional (2D) systems
can be flexibly engineered by the external electric field. For ex-
ample, the external electric field can open a band gap about
0.25 eV for the semimetal bilayer graphene, while in the bilay-
er transition metal dichalcogenides MX, (M = Mo, W; X =S, Se,
Te), the electric field can reduce the band gap and induce a
semiconductor—metal phase transition. In 2017, the 2D ferro-
magnetic material Cr,Ge,Teg has been confirmed in experi-
ments, which stimulated the great research interest in 2D mag-
netic materialsl'l. However, most of the reported 2D magnetic
materialsare antiferromagnets, which hinderstheir potential ap-
plications in spintronics.

Fortunately, the recent research found that semiconduct-
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ing bilayer A-type antiferromagnetic (intralayer ferromagnetic,
interlayer antiferro-magnetic) can be made half metallic by ap-
plying the vertical electric field?. Half metallicity, an in-
triguing physical property arising from the metallic nature of
electrons with singular spin polarization and insulating for op-
positely polarized electrons, holds a great potential for a 100%
spin-polarized current for high-efficiency spintronics. Fig. 1(a)
shows the schematic structure of a semiconducting bilayer A-
type antiferromagnetic, whose density of states is shown in
Fig. 1(b). Under the applied electricfield, the electrostatic poten-
tial of one constituent layer rises and that of the other layer de-
creases, resulting in a semiconductor—metal phase transition,
shown in Figs. 1(c) and 1(d). The blue (positive) and red (negat-
ive) electric fields shown in Fig. 1(a) result in the electronic struc-
tures in Figs. 1(d) and 1(c), respectively. The most interesting
finding is that the electric field induced metal states are from
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Fig. 1. (Color online) (a) Schematic view of the A-type antiferromagnetic bilayer system with the perpendicular electric field shown in blue (pos-
itve) and red (negative). (b—d) The schematic spin- and layer-resolved density of states of the A-type antiferromagnetic bilayer system with the
electric field normal to the van der Waals plane (b) E=0 and (c) (d) E = E_ (E. is the critical electric field for the emergence of half metallicity), in
which 1-a(f) and 2-a(f) indicate the spin-a(f) channel in layer 1 and layer 2, respectively. The positive(negative) electric field induces the spin-
a(P) electrons around the Fermi level. (e) The proposed spin field effect transistor model, in which the spin states in the channel are tuned by the
gate voltagel.,
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one spin channel, i.e., we achieve the half-metallicity in the 2D
antiferromagnet by an all-electric method.

A novel the spin field effect transistor (Spin-FET) has been
proposed based on the half-metallicity in the bilayer A-type anti-
ferromagnetic system [Fig. 1(e)]. When the external electric
field exceeds the critical electric field E., electrons with 100%
spin polarization can be generated, and the spin states in the
transport channel can be switched between spin-a and spin-8
by reversing the direction of the applied electric field. In 1990,
Datta and Das proposed the well-known Spin-FET, whose per-
formance depends on the precise control of the spin preces-
sion in the transport channel based on Rashba spin orbit coup-
ling (SOQ)B!., Although Datta-Das Spin-FET wins the constant re-
search interest in the past several decades, many difficulties
are involved in the device and yet to be solved, for example,
strong Rashba SOC is required to tune the spin precession,

which simultaneously brings the serious spin decoherence ef-
fect. In the 2D antiferromagnet, the electric field engineers the
band structure of A-type antiferromagnet, flexibly switching
the electron spin between a and B states. The method is
simple, convenient, and innovative, which is completely differ-
ent from the Datta-Das spin field effect transistor.
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