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Introduction: The investigators have undertaken several efforts underlying the enhancement of 

the performance of nanostructure-based sensors and electronic-optoelectronic devices. These 

include: initial designs of novel single-well--double-well photodetectors that significantly 

enhance the signal-to-noise ratio of photodetectors relying on phonon-assisted transitions as well 

as photon absorption events; the use of colloidal quantum dots as optoelectronic elements; 

investigating novel nanostructures (including graphene and CNTs as contacts) as components of 

quantum-dot based optoelectronic devices; investigating confined phonon effects in novel 

components of the integrated nanostructure-based optoelectronic structures; investigating full-

tensor piezoelectric properties of nanostructures including nanowires; and the investigation of 

photodetector structures from these nanostructures and conducting polymers. This research 

includes modeling and theory of quantum wires and quantum dots for opto-electronic, 

piezoelectric, and electronic applications including sensors and piezoelectric components. 

This research program addresses systematic theoretical and experimental investigations of 

nanostructure-based electronic and optoelectronic structures with the goal of facilitating major 

improvements in the performance levels of nanodevices beyond the current state-of-the-art. In 

particular, this program focuses on research thrusts with objectives including: model, design, 

fabricate, and experimentally characterize robust multi-functional nano-device structures for 

enhanced charge transport & collection; model, design, fabricate, and experimentally 

characterize such nanodevices to optimize device structures with quantum-engineering and 

phonon-assisted transitions in nanostructures. Quantum engineering of nano-structures is 

emphasized. Related quantum-wire structures – including piezoelectric quantum wires are 

included. 

Important results obtained during effort include: electrical and optical studies of components of 

devices and systems of quantum-dot-based optoelectronic devices; electronic and optical 

properties of quantum dots and quantum wires; characterization of phonon modes and 

piezoelectric interaction in quantum wires; and extending a theory band formation in an array of 

colloidal quantum dots embedded in conductive polymer; extending a theory band formation in 

an array of colloidal quantum dots embedded in conductive polymer; initial design of a novel 

single-well double-well heterostructure photodetectors with dramatically enhance signal-to-noise 

based on resonant interface-phonon-assisted transitions; role of interface optical phonon modes 

in wurtzite quantum heterostructures; and interface phonon modes of dual-gate MOSFETs. 

 

Specific results were obtained on the following topics: 

Design of a Novel Heterostructure Photodetectors with Dramatically Enhance Signal-to-Noise 

based on Resonant Interface-Phonon-Assisted Transitions and Engineering of Energy States to 

Enhance Transition Rates; 
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Effect of the Size and the Separation of Metal Nanodots on the Electromagnetic Enhancement to 

Surface-enhanced Raman Spectroscopy; 

Interface Optical Phonon Modes in Wurtzite Quantum Heterostructures; 

Interface Phonon Modes of Dual-Gate MOSFET Systems; 

Phonon bottleneck effects in rectangular graphene quantum dots; 

Theoretical study on the effect of piezoelectric charges on the surface potential and surface 

depletion region of ZnO nanowires; 

Modeling the effect of nanowire size on the piezoelectric effects; 

Interface phonon modes in wurtzite heterostructure systems; 

Effect of the size and the separation of metal nanodots on the electromagnetic enhancement to 

surface-enhanced Raman spectroscopy; 

Annealing-induced morphological changes in nanocrystalline quantum dots and their impact on 

charge transport properties; 

Photoluminescence and Raman Spectroscopy of Polycrystalline ZnO Nanofibers Deposited by 

Electrospinning;  

Piezoelectricity in Wurtzite Polar Semiconductor Nanowires: A Theoretical Study; 

Electronic Properties of Y-junctions in SnO2 Nanowires;  

Tailoring the Surface Properties and Carrier Dynamics in SnO2 Nanowires;  

Charge Transport in Two Conductive Polymer and Semiconducting Quantum Dot 

Nanocomposite Systems;  

Piezoelectricity in Zinc Blende Polar Semiconductor Nanowires: A Theoretical Study;  

Piezoelectricity in Lead Zirconate Titanate Semiconductor Nanowires: A Theoretical Study;  

Electronic properties in surface passivated SnO2 nanowires with Schottky contacts;  

Phonon bottleneck effects in rectangular graphene quantum dots;  

Piezoelectric Fields in Quantum Wires; 

Optoelectronic Applications of Colloidal Quantum Dots. 
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In this Final Report summaries are organized in the follow Sections: 

Section I: Initial Design of Photodetectors using Quantum Engineering of Electronic States and 

Phonon Engineering                                                                                                                       5 

Section II: Growth of Nanowires: Photoluminescence Properties and Harmonic Generation of 

Phonons                                                                                                                                        10      

Section III: Plasmonic Effects in Nanostructures                                                                                       24 

Section IV: Phonon Engineering in Graphene-based Nanostructures                                                  31                    

Section V:    Phonon Engineering in Nanowires --- Piezoelectric Interactions                           34 

Section VI:  Phonon Engineering in Nanostructures - Optoelectronic Devices and MOSFETs 38 

Section VII: Publication List                                                                                                       41 

Section VIII: Presentation List                                                                                                    43 

Section IX: Recognition and Service                                                                                          46 
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