Description of the NECP Courses at the University of Kentucky
The titles of the courses offered in the NECP are given below. The syllabi for each course is listed in Appendix A or available on the web: 
http://www.engr.uky.edu/~menguc/necp/courses.htm
NE-1: (ME 599) Thermal Sciences at Nanoscale (Mengüç):  This course is to prepare the students for more fundamental understanding of transport phenomena and thermal sciences at nanoscale level. Energy transfer via electrons, photons, and phonons are outlined, and the procedures to make calculations are introduced. Quantum mechanical approach is discussed throughout the semester; however, the emphasis is placed on the statistical thermodynamics approach for all energy carriers. Several examples from practical problems are discussed. This course does not require any pre-requisites other than the Physics sequence which all engineering students need to take. Yet, with the introduction of the PHY 361 (Introduction to Quantum Mechanics) to the Umbrella Program, eventually we will be able to discuss more advanced topics in NE-1. 

NE-5: (EE 599-01) Fundamentals of Nanoelectronic Devices and Materials (Singh):  This course introduces students to electronic transport in nanostructure devices and includes a discussion of quantum dots and single electron phenomena, transport in nanostructures and the fundamentals of nanoscale engineering for photonics applications.  Starting from Wave Mechanics and the Schrödinger Equation, free particles, bound particles and     charge and current densities, properties of heterostructures, band engineering; quantum wells, quantum dots and wires and optical confinement are studied.  Next, tunneling in heterostructures, transmission matrices, resonant tunneling and quantized conductance in nanostructures are discussed.  Finally, three-dimensional nanostructures with electron and photon confinement and quantum wires and quantum dots for optoelectronics are discussed.

NE-2A: (EE 599) MEMS-NEMS (St.Omer):  This course provides an overview of micromachined structures with an emphasis on operational theory and fabrication technology.  Topics explored include sensor classification and terminology, bulk micromachining, surface micromachining, LIGA processes, scaling issues, simulation, and packaging.  A range of examples of existing mechanical, chemical/biological, microfluidic, and optical devices are studied. 

NE-2B: (CME 599) Biomedical Micro- and Nano-Technology (Hilt):  This course will introduce the broad impact of miniature technologies on all fields of science and engineering, while focusing on applications in biological and medical fields.  It will discuss the fundamental science behind the technologies, highlighting the advantages that result at the micro- and nanoscale (e.g. mass and energy transport).  For example, medical applications (diagnostic and therapeutic devices) will be examined, with several examples of micro- and nanoscale systems exhibiting enhanced properties highlighted.  The student will be introduced to the fundamental science, the cutting-edge research activities, and the current commercially available technologies.

NE-2C: (ECE 599-02) Fabrication Fundamentals for Nanoelectonic Devices (Chen):  This course focuses on the fundamental principles for fabrication of electronic devices in nanoscale. Topics include lithography (optical, e-beam, and x-ray lithography), etching (wet chemical and dry etching), ion implantation, thin film deposition (chemical vapor deposition and molecular beam epitaxy).

NE-2D: Nano-Photonics (Hastings):  This course will cover the interaction of light and matter at the nanoscale and will explore applications in optical communications, biological and chemical sensing, microscopy, and lithography.  Topics to be addressed include guided-wave optics with a focus on planar lightwave circuits and photonic crystals; near field optics for sensing, microscopy, and lithography; surface-plasmon optics for bio-chemical sensing, lightwave circuits, imaging, and patterning; quantum confined electronic structures for nanoscale emitters, detectors, and sensors; and, nano-structured materials with emphasis on composite chiral and negative permittivity and permeability materials.  
NE-3LA: Nanoscale Laboratory A: Advanced Characterization (Balk/Hinds):  This course will focus on two of the most powerful materials characterization techniques, namely x-ray diffraction and electron diffraction. Through a combination of theoretical coursework and hands-on laboratory exercises, students will learn the fundamental aspects of diffraction phenomena as well as the broad range of experiments that they enable. A central theme is the determination of crystal structure based on measurable diffraction events. The application of diffraction to nanoscale material volumes will be discussed and compared to bulk material characterization. Additionally, scanning and transmission electron microscopy will be discussed in lecture and practiced in the laboratory. Time permitting, a brief survey of the fundamentals of chemical analysis, surface science and scanning probe techniques will also be introduced.
NE-3LB: (ECE-599) Fundamentals of Nanoscale Fabrication for Nanoelectronic Devices (Chen/St.Omer):  This laboratory course provides a hands-on experience in process procedure in fabrication of semiconductor devices for integrated circuits. Topics include photolithography, wet chemical process, fabrication and characterization of Schottky diodes, doping of semiconductor by diffusion, fabrication and characterization of PN junction diodes, oxidation of Si, fabrication and characterization of MOS capacitors, fabrication and characterization of MOSFETs. 

NE-7LA: Nanoscale Laboratory A: Introduction to Fabrication (Hinds):  This course is designed to introduce Senior/Graduate level or students to important electronic materials fabrication techniques and their application to nm-scale device structures.  Principals and use of evaporation, sputtering, chemical vapor deposition, photolithography, reactive ion etching, chemical surface functionalization and thin film characterization techniques.  They will gain important fundamental knowledge and practical experience in fabrication techniques that could be applied to active graduate research areas as well industrially related projects. The students will also be able to identify, analyze and solve a variety of problems that relate to electronic materials properties, fabrication and processing. They will also be able to locate additional information in the literature that pertains to processing and apply the principles from this course to a variety of materials design problems.

NE-4/NE-8: Guest Seminar Series 1 and Series 2: The fall and spring seminar series are intended to educate and inform the students about the most exciting developments in nanosciences and nanotechnology outside the standard courses. Experts from other institutions as well as all around the world are invited to talk about their cutting edge research. 
The list of the seminars conducted in the NECP:
http://www.engr.uky.edu/~menguc/NECP_Sems/
In addition, we have organized a series of Colloquia as part of the UPoN (Umbrella Program on Nanoscale Engineering) every semester. These colloquia allowed us to establish a “Learning Community” across the University. They precede an official social gathering in the late afternoons so all students and faculty can attend to have lively exchange of ideas. With the help of these events, the freshmen and sophomores taking the Honors Courses are able to learn from the upper-class students’ experiences and excitement, which we hope to be contagious.

