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Abstract

Hany Mohsen AbdelRahman AbuShall,
“Nanowire Laser” Master of Science Dissertation,
Ain Shams University, 2012

Keywords: Electroluminescence; CdS/Si Heterostructure; Nanowire Laser;
Optoelectronic Simulation.

A coupled and self-consistent optoelectronic simulation for studying electrically pumped
CdS nanowire (NW) laser is presented. A specific electrically pumped Hybrid Nanowire
Laser structure (EP-Hybrid-NWL) which was demonstrated experimentally by Prof.
Lieber research group at Harvard University (i.e. published by DUAN, X. et al in Nature,
v. 421, p. 241-245, 2003) is chosen for simulation. The simulation is based on
semiclassical electronic and photonic principles and was implemented using ATLAS part
of SILVACO TCAD® and MATLAB® software packages.

The simulation results are comparable to the experimental data given by the Prof. Lieber
research group; the device I-V relation showing current rectification with a forward-bias
turn-on voltage of 2—5 V, the emission intensity versus injection current relation showing
the onset of lasing, and the electroluminescence spectrum for the device along with its
peak emission wavelength.

This thesis comprises six chapters which have the chief objective of analyzing, modeling,
and simulating electrical and optical processes within the EP-Hybrid-NWL device under
equilibrium and forward-bias; both under and above the threshold current necessary for
lasing action. Firstly, Chapter one discusses the topic of nanowire lasers beginning with a
panoramic view of the field of Nanophotonics and ending with an explanation of
semiconductor lasers’ operation. A basic description of the device structure to be studied
in the thesis is given in Chapter two. Chapter three examines different device parameters
under thermal equilibrium conditions. Chapters four and five investigate primarily the I-
V, the emission intensity versus injection current, and the electroluminescence spectrum
characteristics for the device, respectively. In the end, Chapter six presents a conclusion
for the thesis topic, summarizing important observations and suggesting future directions
that hopefully would improve our understanding of nanowire lasers. Finally, for the sake
of completeness, an appendix is supplemented to this thesis which points out different
relevant parameters and their cited values for the materials used in the EP-Hybrid-NWL
device.
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