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Fig. 1. Quantum structure model of monolayer MoS, nanor-
ibbons with ferromagnetic (FM) electrodes. The cell is rep-
resented by the orange rectangle. The length of the middle
region, i.e., the number of cells is Ng; nanoribbon width,

i.e., Mo atomic layer number is Ny, .
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F1 Z¥er,ea,to,t1,ta, tin, tiz, toz, Ao BUE (BRA: eV)E
Table 1. Values of parameter e1, €2, to,t1,t2,t11,t12,t22, Aso (unit: eV)EL.
€1 €2 to t1 ta t11 t12 ta2 Aso
1.046 2.104 —0.184 0.401 0.507 0.218 0.338 0.057 0.073
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Fig. 2. Spin conductance as a function of incident energy with several electric fields applied in the middle region for the magnetic
exchange field of (a)—(d) M =0.01eV and (e)—(h) M = 0.1 eV. The insert in (h) shows the contour diagram of spin-up conduct-
ance with different incident energies and potential energies in the middle region. The insert in (g) shows the energy-band diagram of
spin-up electrons. The other parameters are Ny = 14, Ny = 8.
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Fig. 3. Spin conductance as a function of the incident energy with different magnetic exchange fields. The other parameters are

U=02¢eV, N; =14 and N, =8.
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Fig. 4. (a)—(d) Spin conductance as a function of the incident energy when the magnetization directions are parallel and anti-paral-
lel with different magnetization intensities; (e) the magnetoresistance as a function of the incident energy; (f) the magnetoresistance
as a function of the magnetic exchange field intensity, where the incident energy is Ej, = —0.125eV. The other parameters are
Ny =14, Ny =8,and U =0.1eV.
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Fig. 5. (a) Magnetoresistance as a function of the incident energy; (b) the magnetoresistance as a function of the electric field in-

tensity, where the incident energy is Ej, = —0.125 eV. The other parameters are Ny = 14, Ny =8, and M = 0.1eV.
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2 Z-MoS, 9K i BRsZ AR A, I H A e
T IR AR TN . AL, AFAE K R TR 5 A
H 37 1 B 0 T B2 Z-MoS, 2K B 145 F
SR A AR SR A R A YN N RS D OB R A
PR, B REBHAON YIRS . DA 25 R B
ZEEHAE BT B REBRAR 1 LA B A T uE A 1) .
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Abstract

Spintronics is a new type of electronics based on electron spin rather than charge as the information carrier,
which can be stored and calculated by regulating and manipulating the spin. The discovery and application of
the giant magnetoresistance effect opens the door to the application of electron spin properties. Realizing on-
demand control of spin degree of freedom for spin-based devices is essential. The two-dimensional novel
material, monolayer transition metal dichalcogenide (TMD) (MoS, is a typical example from the family of TMD
materials), has become an excellent platform for studying spintronics due to its novel physical properties, such
as direct band gap and strong spin-orbit coupling. Obtaining high spin polarization and achieving controllability
of degrees of freedom are fundamental problems in spintronics. In this paper, we construct the monolayer zigzag
MoS, nanoribbon quantum structure of electrically controlled ferromagnetic electrode to solve this problem.
Based on the non-equilibrium Green’s function method, the regulation of the magnetic exchange field and
electrostatic barrier on the spin transport in parallel configuration and anti-parallel configuration are studied. It
is found that in the parallel structure, spin transport is obviously related to the magnetic exchange field, and
100% spin filtering can occur near the Fermi energy level to obtain pure spin current. When an additional
electric field is applied to the middle region, the spin filtering effect is more significant. Therefore, the spin
switching effect can be achieved by regulating the incident energy. In addition, it is also found that within a
specific energy range, electrons in the parallel configuration are excited to participate in transport, while
electrons in the anti-parallel structure are significantly inhibited. Consequently, a noticeable giant
magnetoresistance effect can be obtained in this quantum structure. Moreover, it can be seen that the magnetic
exchange field strength can effectively modulate the giant magnetoresistance effect. These results provide
valuable theoretical references for the development of giant magnetoresistance devices and spin filters based on

monolayer zigzag MoS, nanoribbons.

Keywords: monolayer zigzag MoS, nanoribbon, magnetic exchange field, electric field, spin transport, giant

magnetoresistance effect
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