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Semiconductor heterojunctions (HJs) have played
a critical role in many modern electronic and
photonic devices. The emergence of transition metal
dichalcogenides (TMDs) as a new class of two-
dimensional semiconducting materials creates excit-
ing new opportunities to push semiconductor
heterostructures toward a new frontier. Vertically
stacked van der Waals heterostructures have been
quickly recognized as a powerful platform to
create atomically thin heterostructures.1 Recently,
attention has been directed to the creation of
monolayer ‘lateral heterojunctions’ with a line inter-
face between two different TMDs, pushing semi-
conductor HJs to a new dimension. In late 2014,
three papers published simultaneously, demonstrat-
ing direct growth of lateral heterojunctions using
chemical vapor deposition.2–4 The papers demon-
strated growth including both lattice matched and
mismatched HJs; however, the interfaces were not
chemically abrupt (that is, diffuse interface). In
particular, the lattice mismatched system (for exam-
ple, WS2-WSe2) displayed a compositional transi-
tion width of 40 nm. Presumably, the gradual
composition alleviates the abrupt change of the
lattice constant, similar to the epitaxial growth of
conventional heterostructures with a large lattice
mismatch. Conventional wisdom suggests a chemi-
cally abrupt lateral interface in a lattice mismatched
system would be difficult to achieve. In contrast, in
2015 by using a two-step process, Li et al.5 reported
the successful growth of lattice-mismatched lateral
HJs of WSe2–MoS2 with an atomically abrupt
compositional interface as shown schematically in
Figure 1a. This system is coherently strained judging
by the high Photoluminescence efficiency of indivi-
dual TMDs. This scenario is similar to the growth of
coherently strained InAs quantum dots in GaAs,
although in this case, compositional mixing at the
interface has been difficult to eliminate. Thus, an
atomically abrupt compositional interface in a
system with such a large lattice mismatch comes
as a pleasant surprise.
The strain variations in the MoS2 region grown

via lateral epitaxy was measured using Raman
spectroscopy. The photoluminescence peak energies
also showed spatial variations consistent with the
strain variations. Interestingly, both compressive
and tensile strains are observed in the MoS2 region.

One needs to recognize, however, these measure-
ments are based on an optical technique whose
resolution is diffraction limited. Moreover, the
strain is inferred from the shift in Raman peaks
assuming an isotropic strain. In reality, the local
strain tensor is almost guaranteed to be anisotropic.
Determination of the spatial variation of the strain
tensor with finer spatial resolution (for example,
nanometer scale) and their influence on local
electronic structures will pave ways to tailor
electronic structure via strain engineering.

As illustrated in Figure 1b, the lateral junction
formed by the p-type WSe2 and n-type MoS2 also
enabled them to demonstrate key device char-
acteristics of a lateral p–n junction (albeit not the

homojunction) such as rectifications and photo-
voltaic responses, illustrating the potential for
in-plane lateral junctions as building blocks for
future two-dimensional electronic and photonic
devices. Certainly much more research is
required to bring these promises to reality. Many
intriguing questions related to the growth
mechanism of in-plane lateral heteroepitaxy
remained to be answered. Moreover, how the
anisotropic strain impacts the local electronic
structure would need to be addressed. Finally,
strategies need to be developed to engineer both
type-I and type-II heterostructures.
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Figure 1 (a) Schematic showing the two step
process of lateral heteroepitaxy: A single-layer
WSe2 is first grown, followed by edge-nucleated
lateral heteroepitaxy. The MoS2 is highly strained
due to a large lattice mismatch. (b) A schematic
showing the lateral band profile of the coherently
strained in-plane atomic layer heterojunctions.
Note that the band offset at the interface, as well
as the band structure of individual TMD layer can
be strongly influenced by the strain. The long-
range band profile is determined by the dopant
density and the carrier type.
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