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Fig. 1. The model field-driven magnetic-electric barrier
structures: (a) B1 = —Ba; (b) By = Bs.
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Fig. 2. Transmission probabilities as the function of the incident energy: (a)—(d) By = —B2 = 3; (e)—(h) By = Bz = 3.
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Fig. 3. Spin polarization as the function of the incident energy: (a)—(b) B1 = —Ba2; (¢)-(d) By = B>.
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Fig. 4. Transmission probabilities as the function of the incident energy: (a)-(d) B1 = —B2; (¢)—(h) B1 = Ba.
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Fig. 5. Spin polarization as the function of the incident energy: (a)—(c) B1 = —Bz; (d)-(f) B1 = Ba.
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Abstract

Based on the Floquet theory and transfer-matrix method, We investigated the influence of light-field on the
spin-polarized transport properties for electrons tunneling through two kinds of magnetic-electric barrier
structures (the §-doped magnetic-barrier can be realized in experiments by depositing two ferromagnetic stripes
on top and bottom of a semiconductor heterostructure and the light-field can be realized by placing a
hemispherical silicon lens on the back surface of the semiconductor substrate). Transport properties result from
the interaction of electrons with the light-field by means of photon absorption and emission. It is found that the
light-field can greatly affect the transmission probabilities as well as the corresponding polarizations. The
distance between the adjacent peaks and the number of the transport peaks can be controlled by adjusting the
frequency and the amplitude of the light-field, respectively. It is shown that a significant spin-polarization effect
can be induced by such light-field in the kind of antisymmetric magnetic barrier structure (B; = —Bs) and the
light-field can greatly change the spin-polarization effect in the kind of symmetric magnetic barrier structure
(B1 = Bz2). When the frequency of the light-field increases, the spin-polarization shifts toward the low-energy
end and gradually increases. These remarkable properties of spin polarization may be beneficial for the devising

tunable spin filtering devices.

Keywords: spin filtering, spin-polarized, magnetic-electric barrier, light-field

PACS: 72.25.Dc, 72.25.Fe DOI: 10.7498/aps.69.20200237

* Project supported by the National Natural Science Foundation of China (Grant Nos. 11574173, 11804236, 11604021), the
General Program of Science and Technology Development Project of Beijing Municipal Education Commission, China
(Grant No. KM201810028022), and the Open Research Fund Program of the State Key Laboratory of Low-Dimensional
Quantum Physics, China (Grant No. KF201806).

1 Corresponding author. E-mail: licl@cnu.edu.cn

107201-7


http://doi.org/10.1103/PhysRevLett.109.077401
http://doi.org/10.1103/PhysRevLett.109.077401
http://doi.org/10.1103/PhysRevLett.109.077401
http://doi.org/10.1103/PhysRevLett.80.2437
http://doi.org/10.1103/PhysRevLett.80.2437
http://doi.org/10.1103/PhysRevLett.80.2437
http://doi.org/10.1103/PhysRevLett.80.2437
http://doi.org/10.1103/PhysRevLett.80.2437
http://doi.org/10.1103/PhysRevB.57.13050
http://doi.org/10.1103/PhysRevB.57.13050
http://doi.org/10.1103/PhysRevB.57.13050
http://doi.org/10.1103/PhysRevB.57.13050
http://doi.org/10.1103/PhysRevB.57.13050
http://doi.org/10.1103/PhysRevB.60.15732
http://doi.org/10.1103/PhysRevB.60.15732
http://doi.org/10.1103/PhysRevB.60.15732
http://doi.org/10.1103/PhysRevB.60.15732
http://doi.org/10.1103/PhysRevB.60.15732
http://doi.org/10.1103/PhysRevLett.109.077401
http://doi.org/10.1103/PhysRevLett.109.077401
http://doi.org/10.1103/PhysRevLett.109.077401
http://doi.org/10.1103/PhysRevLett.80.2437
http://doi.org/10.1103/PhysRevLett.80.2437
http://doi.org/10.1103/PhysRevLett.80.2437
http://doi.org/10.1103/PhysRevLett.80.2437
http://doi.org/10.1103/PhysRevLett.80.2437
http://doi.org/10.1103/PhysRevB.57.13050
http://doi.org/10.1103/PhysRevB.57.13050
http://doi.org/10.1103/PhysRevB.57.13050
http://doi.org/10.1103/PhysRevB.57.13050
http://doi.org/10.1103/PhysRevB.57.13050
http://doi.org/10.1103/PhysRevB.60.15732
http://doi.org/10.1103/PhysRevB.60.15732
http://doi.org/10.1103/PhysRevB.60.15732
http://doi.org/10.1103/PhysRevB.60.15732
http://doi.org/10.1103/PhysRevB.60.15732
http://doi.org/10.1103/PhysRevLett.109.077401
http://doi.org/10.1103/PhysRevLett.109.077401
http://doi.org/10.1103/PhysRevLett.109.077401
http://doi.org/10.1103/PhysRevLett.80.2437
http://doi.org/10.1103/PhysRevLett.80.2437
http://doi.org/10.1103/PhysRevLett.80.2437
http://doi.org/10.1103/PhysRevLett.80.2437
http://doi.org/10.1103/PhysRevLett.80.2437
http://doi.org/10.1103/PhysRevB.57.13050
http://doi.org/10.1103/PhysRevB.57.13050
http://doi.org/10.1103/PhysRevB.57.13050
http://doi.org/10.1103/PhysRevB.57.13050
http://doi.org/10.1103/PhysRevB.57.13050
http://doi.org/10.1103/PhysRevB.60.15732
http://doi.org/10.1103/PhysRevB.60.15732
http://doi.org/10.1103/PhysRevB.60.15732
http://doi.org/10.1103/PhysRevB.60.15732
http://doi.org/10.1103/PhysRevB.60.15732
http://doi.org/10.1103/PhysRevLett.109.077401
http://doi.org/10.1103/PhysRevLett.109.077401
http://doi.org/10.1103/PhysRevLett.109.077401
http://doi.org/10.1103/PhysRevLett.80.2437
http://doi.org/10.1103/PhysRevLett.80.2437
http://doi.org/10.1103/PhysRevLett.80.2437
http://doi.org/10.1103/PhysRevLett.80.2437
http://doi.org/10.1103/PhysRevLett.80.2437
http://doi.org/10.1103/PhysRevB.57.13050
http://doi.org/10.1103/PhysRevB.57.13050
http://doi.org/10.1103/PhysRevB.57.13050
http://doi.org/10.1103/PhysRevB.57.13050
http://doi.org/10.1103/PhysRevB.57.13050
http://doi.org/10.1103/PhysRevB.60.15732
http://doi.org/10.1103/PhysRevB.60.15732
http://doi.org/10.1103/PhysRevB.60.15732
http://doi.org/10.1103/PhysRevB.60.15732
http://doi.org/10.1103/PhysRevB.60.15732
http://doi.org/10.7498/aps.69.20200237
mailto:licl@cnu.edu.cn
mailto:licl@cnu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

