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Intriguing Prospects of Silicene and Phosphorene

for Innovative 2D Nanoelectronics
CHEN Jiayi, CHEN Qichao, LI Zhengxiong, TAO Li

(School of Material Science and Engineering, Southeast University, Nanjing 211189, China)

Abstract: Two-dimensional (2D) atomic sheets yield collective properties of mechanical flexibility, electrical control
optical transparency and high surface to volume ratio, which hold promise for the research of advanced flexible nanoelectron-
ics and sensors. This work explores two newly emerging 2D materials, silicene and phosphorene (the Si and P equivalent to
graphene ) in terms of their air-stability and device properties. Long-lasting air-stability and portability issues of silicene were
addressed through recent effort, allowing silicene transistor to make its debut, corroborating theoretically predicted ambipolar
transport indicating Dirac band structure. The carrier mobility of about 100 em®/(V + s) and 10 times of grid modulation at
room temperature were observed by electrostatic characterization on prototype silicene transistors indicating that the single-at-
om silicon channel has higher gate regulation capacity than graphene. Phosphorene, phosphorus analog to graphene, is a
promising semiconductor for 2D nanoelectronics due to its high carrier mobility and adjustable direct band gap, which can
reach high carrier mobility of 310~1500 ¢cm”>/(V + s) and 10’ ~ 10’ grid modulation even on flexible polyimide substrate.
This recent progress on silicene and phosphorene represent a renewed opportunity for future nanoscale and flexible devices.

Key words: 2D materials; nanotechnology; flexible electronics; silicene; phosphorene; graphene
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Fig.1 Candidate materials for flexible electronics: (a) mobility range comparison, (b) the maximum elastic strain limits (adapted from reference [1] )
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Fig. 2 Silicene: (a) a sketch of lattice, scanning tunneling microscope
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(courtesy reprints from [2])
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Fig. 4 Raman spectra of mixed-phase silicene: (a) before and after 2 month under 3000 Pa vacuum at room temperature, (b) in Ag-supported

(t=30s) and Ag-removed (¢=132 s) cases( courtesy reprints from [2])
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Fig.6 Black phosphorene; (a) atomic structure'®) | (b) Raman spectrum
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