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Controllable 1D line defects in monolayer VSe2 on Epitaxial MoS2

Results & Discussion

Conclusion
This study employs the use of high temperature in-situ annealing of
monolayer vanadium diselenide (VSe2), a ferromagnetic material, to
obtain a systematic defect engineering method that controls the
density of line defects formed, characterised as Se vacancies. The
electronic properties of VSe2 are maintained upon formation of line
defects, and it is also a reversible process. Coupled with its varying
magnetic strength upon different density of line defects, the
magnetism of the VSe2 layer can be tuned via the formation of line
defects and is particularly crucial for magnetic device applications.
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Introduction
Defects in 2D materials are inevitable and can bring about positive uses.
In molybdenum disulfide (MoS2), p-type or n-type conduction can be
produced by having either Mo or S vacancies [1], respectively, while
ferromagnetism can be induced by vacancies [2] or Mn-doping [3] as
well. Herein, we describe a controllable method to fabricate 1D line
defects in vanadium diselenide (VSe2) grown via molecular beam epitaxy
on a single crystal of MoS2. The line defect density can be effectively
controlled by annealing temperature or duration. It is also a reversible
process whereby 2D VSe2 can be obtained again through depositing
selenium and annealing. Through scanning tunneling microscopy
studies, the line defects are found to be selenium vacancies and have
similar electronic properties as 2D VSe2. On the other hand, the
magnetic property of VSe2 is observed via density functional theory
calculations to change with the density of line defects. The ability to
control the magnetism of VSe2 while retaining its electronic capabilities
paves the way for interesting applications in spintronics or memory
devices.

Physical characterization of line defects on VSe22

Electronic characterization of line defects on VSe23

STM images (75x75nm2) of monolayer VSe2 grown on MoS2, after thermal
annealing in vacuum to obtain line defects at (a) 400°C (I = 10 pA, V = 2.0 V),
(b) 430°C (I = 10 pA, V = 2.2 V), and (c) 470°C (I = 10 pA, V = 2.0 V). (d)
Schematic diagram of line defect formation of varying densities, and its
reversible process.

nc-AFM images of
(a) multiple line
defects (12x12nm2)
and of (b) two line
defects (4x4nm2).
The positions of the
V and Se atoms are
deduced by the
contrast of the nc-
AFM image and are
marked by the red
and green circles,
respectively. (c) Line
profile across two
nanowires of 4a0
and 6a0 width. (d)
Atomic model of line
defect with 4a0
periodicity.

(a) STM images of VSe2 with a high density of line defects (70x70nm2; I = 180 pA,
V = 0.5 V). (b) Atomic resolution STM image of three line defects, of which two are
parallel and form a nanowire of 5.4 nm width. (22x22nm2; I = 556 pA, V = 3 mV).
(d) Atomic resolution STM image of a multiple line defects that are so dense such
that the lattice distortions and CDW vanishes (12x12nm2; I = 370 pA, V = -1 V). (d)
Atomic resolution STM image of a single line defect (5x5nm2; I = 370 pA, V = -1
mV). (d) STS data (I = 180 pA, V = 0.35 V) measured across a single line defect in
(c), where the coloured curves corresponds to its point marked by the same
coloured circle in (c).
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