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Fig. 1. Schematic representation of the MoSo based
field effect transistor, consisting of metallic source,
drain and electrically modulated back-gate, with the
central region irradiated by the off-resonant circularly
polarized light (demonstrated by the wave lines), and
the black and yellow balls indicates the molybdenum
(Mo) and sulfur (S) atoms, respectively.
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Fig. 2. Energy gap Fg (in units of eV) of the mono-
layer MoSs as a function of the effective coupling en-
ergy Ag, induced from the external off-resonant circu-
larly polarized light where the (black) solid and (red)
dashed line demontrates energy gap from the spin-up
and -down subbands at the vicinity of K valley, while
that for the K’ valley is denoted by the (blue) dashed-

dot and (green) dot line, respectively.
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Fig. 3. Transversal Hall conductance o4y (in units of €2 /h)
of the monolayer MoS2 as a function of the effective cou-
pling energy A induced from the external off-resonant
circularly polarized light: (a) The (black) solid and (red)
dashed line denotes the spin-up and -down transversal Hall
conductance at the vicinity of K valley, while that for K’
valley in (b) is illustrated by the (blue) dashed-dot and

(green) dot line, respectively.
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Fig. 4. Transversal quantized spin conductance o3,
units of e?/h) and oy, (in units of €2 /h) of the monolayer

(in

MoS> as a function of the effective coupling energy A, in-
duced from the external off-resonant circularly polarized
light, as has been denoted by the (black) solid and (red)

dashed line, respectively.
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Fig. 5. Longitudinal conductance o4 (in units of
€2/h) at the vicinity of K /K’ valley for monolayer
MoSs as a function of the effective coupling energy Ap,
induced from the external off-resonant circularly po-
larized light, where the (black) solid and (red) dashed
line denotes the spin-up and -down longitudinal con-
ductance at the vicinity of K valley, while the (blue)
dashed-dot and (green) dot line gives the spin-up
and -down longitudinal conductance at the vicinity of

K’ valley, respectively.
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Fig. 6. Longitudinal conductance spin and valley po-
larization rate (denoted by Ps and Py, respectively) for
monolayer MoS» as a function of the effective coupling
energy Ap, induced from the external off-resonant cir-
cularly polarized light, as has been illustrated by the
(black) solid and (red) dashed line, respectively.
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Abstract

The new-type monolayer semiconductor material molybdenum disulfide (MoS2) is direct band gap semiconductor
with a similar geometrical structure to graphene, and as it owns superior physical features such as spin/valley Hall effect,
it should be more excellent than graphene from the viewpoint of device design and applications. The manipulation of
the spin and valley transport in MoSs-based device has been an interesting subject in both experimental and theoretical
researches. Experimentally, the photoninduced quantum spin and valley Hall effects may result in high on-off speed spin
and/or valley switching based on MoSz. Theoretically, the off-resonant electromagnetic field induced Floquet effective
energy should modulate effectively the electronic structure, spin/valley Hall conductance as well as the spin/valley
polarization of the MoS2, through the virtual photon absorption and/or emission processes. Utilizing the low energy
effective Hamilton model from the tight-binding approximation and Kubo linear response theorem, we theoretically
investigate the electronic structure and spin/valley transport properties of the monolayer MoSz under the irradiation
of the off-resonant circularly polarized light in the present work. The band gaps around the K and K’ point of the
Brillouin region for monolayer MoSs proves to increase linearly and decrease firstly and then increase, respectively with
the increase of external off-resonant right-circularly polarized light induced effective coupling energy, and decrease firstly
and then increase and increase linearly with the increase of left-circularly polarized light induced effective coupling energy,
therefore, the interesting transition of semiconducting-semimetallic-semiconducting may be observable in monolayer
MoSz. Furthermore, the spin and valley Hall conductance of the monolayer MoS2 for the case without off-resonant
circularly polarized light are 0 and 2e?/h, respectively, and they will convert into —2e?/h and 0 when the absolute value
of the off-resonant circularly polarized light induced effective coupling energy is in a range of 0.79-0.87 eV. Finally, the
spin polarization for monolayer MoS; increases up to a largest value and changes from positive to negative and/or negative
to positive at the vicinity of the effective coupling energy +0.79 eV of the off-resonant right/left circularly polarized light,
while the valley polarization should increase firstly and then decrease with the off-resonant circularly polarized light,
and goes up to 100% in the range of 0.79-0.87 eV of the absolute value for effective coupling energy. Therefore, the
external off-resonant circularly polarized electromagnetic field should be an effective means in manipulating the electronic
structure, spin/valley Hall conductance and spin/valley polarization of the monolayer MoSs, the two-dimensional MoS»

may be tuned into a brand bandgap material with excellent spin/valley and optoelectrical properties.
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