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AFOSR FA9550-05-1-0375 

"Ill-nitride and Related Wiirtzite Quantum-dot-based Optoelectronic Devices with Enhanced 
Performance" 

(1) Introduction 

The investigators have undertaken several efforts underlying the enhancement of the 
performance of Ill-nitride and related wiirtzite quantum-dot-based optoelectronic devices. 
These include: carrier scattering by optical phonons; spontaneous polarization in 
wurtzites; the use of colloidal quantum dots as optoelectronic elements; strain- and 
confinement-induced shifts in the phonon frequencies in GaN quantum dots; two-phonon 
processes in photon absorption; phonon effects on carrier transport in nanowires, 
including wurtzite-based nnowires; and the design of photodetectors using wurtzite-based 
quantum dots and initial efforts on self-assembly of quantum dots into networks for 
optoelectronic applications. Eighteen refereed publication (with more in press) and 
resulted form this program as well as twenty-seven presentations, including seven invited 
presentations, have resulted form this program to date. 

(2) List of Appendixes   N/A 

(3) Statement of Problem Studied 

The problem addressed in this AFOSR effort on high-performance Ill-nitride quantum-dot- 
based devices is to design and characterize optically Ill-nitride laser heterostructures 
through the application of the quantum-engineering techniques.  The investigators studies 
mechanisms, phenomena, and interactions   strain-induced shifts in the phonon 
frequencies in GaN quantum dots, confinement-induced shifts in the phonon frequencies in 
GaN quantum dots, carrier transport in heterostructure lasers, spontaneous-polarization 
effects in Ill-nitride quantum dots, radiation absorption due to two-phonon effects   
having potential for enhancing the performance III-nitride and related wiirtzite quantum- 
dot-based optoelectronic devices. 

(4) Summary of Most Important Results 

The most important results obtained during this period of this effort include: electrical 
and optical studies of components of devices and systems of Ill-nitride and related 
wiirtzite quantum-dot-based optoelectronic devices; electronic and optical properties of 
quantum dots in ensembles; models of heterostructure-based and nanowire-based devices; 
models and measurements of strain-induced shifts in the phonon frequencies in GaN quantum 
dots; models and measurements of confinement-induced shifts in the phonon frequencies in 
GaN quantum dots; the characterization of quantum dots in chemically-assembled 
optoelectronic structures; formulating a theory of the spontaneous polarization of the 
nanoscale wurtzite structures; formulating models for conductance in nanowires components 
for optoelectronic devices and systems; and designing photodetectors using wurtzite-based 
quantum dots. 
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