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Fig. 1. (MTIE ) (a) Top views of monolayer MoS2
on the Au substrate the red rhombus shows the units
cell in the calculations, gold purple and yellow ball
represents Au Mo and S respectively; (b) side views of
monolayer MoSg on the Au substrate, Au(111) lines
as A, B, C, A, B, the S layer of MoS2(0001) in the
interface line as A of Au(111).
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Table 1. Distance and binding energy between Au Ti and MoSs.

BT IR 77 2 — ET= — )
dEE/ A GitrhE JoV s/ A GitrE JeV
A 2.7757 1.8435 0.3650
B 2.5286 2.5101 1.0424
C 2.7301 1.5582 0.2445
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B2 (MTEMH) (a) )2 i a0, aafir
FORBEHHN 1.67 eV; (b) &AM 2 B S
HIRET A, 4L BT ROR &5 BZ THRALEI R B R S
£90.6 eV

Fig. 2. (color online) (a) The band structure of mono-
layer MoS2, red numbers point out the bang gap is
1.67 eV; (b) the band structure of monolayer MoSs on
the Au substrate, red numbers points out the Schottky

barrier between Au and monolayer MoSs is 0.6 eV.
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Fig. 3. The relationship between the Schottky barrier
of contact interface and the work function of Au, in-
set defines the Schottky barrier, Er represents Fermi

energy after equilibrium.
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Fig. 4. (color online) (a) The density of states of monolayer MoSz, red and sky blue lines represent

the density of states of S and Mo respectively, the green dot line indicates adjusting the Fermi

energy to 0 eV; (b) the density of states of monolayer MoS2 on Au, red sky blue green and blue lines

represent the density of states of S Mo Au and total respectively.
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Fig. 5. (color online) (a) The charge density of mono-
layer MoS2 on Au, the isosurface is 0.072 e/A37 the
right strip stands for density, the unit is e/ A3; (b)
the charge difference density, the isosurface is 0.0012

e/ A3.
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Abstract

Using first principles calculations within density functional theory, we investigate the electronic property of a single-
layer MoS2 adsorbed on Au. All the quantities are calculated using the Vienna ab initio simulation package. Calculations
are performed using the projector augmented wave method with the Perdew-Burke-Ernzerhof functional and a kinetic
energy cutoff of 400 éV. The atomic plane and its neighboring image are separated by a 15 A vacuum layer. The k-meshes
for the structure relaxation and post analysis are 9 X 9 X 1 and 19 x 19 X 1, respectively. The spin-orbit coupling is
considered in the calculation. The research includes the binding energy, the band structure, density of states (DOS) and
electric charge difference density. Three contact modes between MoS2 (0001) and Au (111) are considered. When the
atom S layer and the atom Au layer on the contacting interface have the same structure, the minimum binding energy
and distance between MoSs (0001) and Au(111) are 2.2 eV and 2.5 A respectively. The minimum binding energy confirms
that the absorption is unstable. The band structure demonstrates that the MoS2-Au contact nature is of the Schottky-
barrier type, and the barrier height is 0.6 eV which is bigger than MoS2-Sc contact. By comparison with other metal
contacts such as Ru(0001), Pd(111) and Ir(111), the dependence of the barrier height on the work function difference
exhibits a Fermi-level pinning. But the MoS; is so thin that the Fermi-level pinning must be very small. Maybe there
is a metal induced gap state. DOS points out that the Au substrate has no influence on the covalent bond between Mo
and S. The influence of the Au substrate is that it shifts the DOS of monolayer MoSs left on the axis. The change of
DOS results in the increases of electron concentration and electric conductivity. Other calculation points out that Ti
substrate can excite more electrons. Electric charge density difference demonstrates that there are a few electric charges
that transfer on the contact interface. The conducting path of monolayer MoS2 may emerge at the interface between
Au and MoSz. In summary, the Au electrode is not the best electrode in the MoS; device. The Ti electrode can excite
more electrons from MoS,. The work function of Sc electrode is close to the affine of MoS,. The Fermi energy level of
graphene can be tuned by external voltage. So the Ti, Sc and graphene will be the better electrodes for MoS, device.

Results of this study may provide a theoretical basis for single-layer MoSy transistor and guidance for its applications.

Keywords: MoSs, Au substrate, electronic structure, first-principle
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