electronics
Editorial

Two-Dimensional Electronics and Optoelectronics:
Present and Future
Zhixian Zhou 1, * and Yoke Khin Yap 2, *
1
2

*

ID

Department of Physics & Astronomy, Wayne State University, Detroit, MI 48201, USA
Department of Physics, Michigan Technological University, Houghton, MI 49931, USA
Correspondence: zxzhou@wayne.edu (Z.Z.); ykyap@mtu.edu (Y.K.Y.);
Tel.: +1-313-577-2751 (Z.Z.); +1-906-487-2900 (Y.K.Y.)

Received: 18 July 2017; Accepted: 19 July 2017; Published: 22 July 2017

1. Introduction
Since the successful isolation of graphene a little over a decade ago, a wide variety of
two-dimensional (2D) layered materials have been studied. They cover a broad spectrum of electronic
properties, including metals, semimetals, semiconductors, and insulators. Many of these 2D materials
have demonstrated promising potential for electronic and optoelectronic applications.
Graphene has attracted a tremendous amount of attention from the scientific community largely
due to its combination of extremely high carrier mobility and thermal conductivity with mechanical
strength and flexibility as well as high thermal and chemical stability [1–4]. However, the lack of
a fundamental bandgap in graphene has significantly limited its applications in electronics and
optoelectronics. The research community is now turning its attention to 2D materials beyond graphene,
particularly 2D semiconductors with an appropriate bandgap such as transition metal dichalcogenides
(TMDCs) and black phosphorus [5–8]. The interlayer van der Waal bonding in 2D materials also offers
the opportunities to create a large number of heterostructures by artificially stacking different 2D
materials together without the constraints of atomic commensurability.
2. The Present Issue
This special issue consists of seven papers covering important topics in the field of 2D materials,
including two reviews focusing on electronic and optoelectronic devices based on 2D materials.
The contents of these papers are introduced here.
In Reference [9], micro-reflectance spectroscopy is used to investigate the differential reflectance
spectra of hundreds of MoS2 flakes grown on a highly-polished sapphire substrate by chemical
vapor deposition. This fast and non-destructive characterization technique is able to measure a large
number of spectra in different sample locations and in a small amount of time. The growth of
smooth and continuous layers of γ-InSe and Sb2 Se3 layered metal chalcogenide on SiO2 -coated Si
and glass substrates by atomic layer deposition (ALD) is described in Reference [10]. This work
shows that ALD offers a viable path for producing large area films of metal chalcogenides for future
industrial-scale applications. A first-principles study of the structural, energetic, and electronic
properties of single-layer graphene doped with boron and nitrogen atoms with varying doping
concentrations and configurations is described in Reference [11]. The calculations in the paper indicate
that the bandgap can be adjusted as required based on the doping concentration and the doping
configuration. The modeling and design of a new flexible graphene-on-silicon Schottky junction solar
cell with a power conversion efficiency >10% is described in Reference [12]. Reference [13] proposes
asymmetric double-well potential on graphene as an electronic waveguide to confine the graphene
electrons. The guided modes in this graphene waveguide are investigated using a modified transfer
matrix method.
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An overview of recent advances in electronic and optoelectronic devices based on 2D TMDCs
is presented in Reference [14]. This review focuses on evaluating field-effect transistors (FETs),
photovoltaic cells, light-emitting diodes (LEDs), photodetectors, lasers, and integrated circuits (ICs)
using TMDCs. The review “Photonic Structure-Integrated Two-Dimensional Material Optoelectronics”
offers an overview and evaluation of state-of-the-art of hybrid systems, where 2D material
optoelectronics are integrated with photonic structures, especially plasmonic nanostructures, photonic
waveguides, and crystals [15].
3. Future
While the potential of 2D materials in future flexible electronics and optoelectronics has been
widely recognized by the scientific community, several major challenges still remain. The lack of
effective methods to p- and n-dope 2D semiconductors has seriously restricted their device applications.
The presence of a significant contact barrier between most 2D semiconductors and common electrode
materials has so far limited the performance of 2D electronics and prevented the ultimate downscaling
of the device dimensions. Techniques to grow high quality 2D materials with wafer-scale uniformity
need to be developed to scale up the production of 2D electronic and optoelectronic devices. The low
carrier mobility in 2D semiconductors appears to limit their advantages over the current technology.
Future innovations that overcome these bottlenecks will likely lead to breakthroughs in 2D electronics
and optoelectronics. New 2D materials with promising electronic and optoelectronic properties are
also likely to emerge in the future.
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