
Author’s Accepted Manuscript

Electric Potential and Carrier Distribution in a
Piezoelectric Semiconductor Nanowire in Time-
harmonic Bending Vibration

Xiaoyun Dai, Feng Zhu, Zhenghua Qian, Jiashi
Yang

PII: S2211-2855(17)30682-1
DOI: https://doi.org/10.1016/j.nanoen.2017.11.002
Reference: NANOEN2303

To appear in: Nano Energy

Received date: 26 August 2017
Revised date: 2 November 2017
Accepted date: 2 November 2017

Cite this article as: Xiaoyun Dai, Feng Zhu, Zhenghua Qian and Jiashi Yang,
Electric Potential and Carrier Distribution in a Piezoelectric Semiconductor
Nanowire in Time-harmonic Bending Vibration, Nano Energy,
https://doi.org/10.1016/j.nanoen.2017.11.002

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/nanoenergy

http://www.elsevier.com/locate/nanoenergy
https://doi.org/10.1016/j.nanoen.2017.11.002
https://doi.org/10.1016/j.nanoen.2017.11.002


8/24/17 

Electric Potential and Carrier Distribution 

in a Piezoelectric Semiconductor Nanowire in Time-harmonic Bending Vibration 

 

Xiaoyun Dai
a
, Feng Zhu

a
, Zhenghua Qian

a* 
and Jiashi Yang

b* 
 

 
a
State Key Laboratory of Mechanics and Control of Mechanical Structures, College of Aero-

space Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, 

China 
b
Department of Mechanical and Materials Engineering, University of Nebraska-Lincoln, Lin-

coln, NE 68588-0526, U.S.A. 

 

Abstract 

 

We study a ZnO piezoelectric semiconductor nanowire in bending vibration with shear de-

formation for energy harvesting application. The wire is a cantilever fixed at one end and is 

driven by a time-harmonic transverse shear force at the other end. A theoretical analysis is 

performed using one-dimensional equations based on the phenomenological theory of piezoe-

lectric semiconductors consisting of the momentum equation, the charge equation of electro-

statics, and the conservation of charge for holes and electrons. An analytical solution is ob-

tained. The distributions of the electric potential and carrier concentration near resonances are 

calculated. The fields at the first resonance are qualitatively similar to the static fields. At the 

second and higher resonances the fields reverse their directions when crossing the nodal 

points of the vibration modes. The results obtained are fundamental to the development and 

optimization of energy harvesters and other devices based on the bending vibration of ZnO 

nanowires.  
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