EE 340. Fall Semester 2008
Nanotechnology, Engineering, and Science

(Syllabus)

Prerequisites: PHY 107, PHY 108, PHY 207, MTH 241
Corequisites: EE 342
Textbook:

 V. V. Mitin, V. A. Kochelap, and M. A. Stroscio “Introduction to Nanoelectronics: Science, Nanotechnology, Engineering, and Applications”, Cambridge University Press, 2007, ISBN 978-0-521- 88172-2.
References:
1. C. P. Poole and F. J. Owens, “Introduction to nanotechnology ”, John Wiley & Sons, 2003.

2. M. A. Ratner and D. Ratner, “Nanotechnology: a gentle introduction to the next big idea ”, Prentice Hall, 2003.

4. S. E. Lyshevski, “Nano- and micro-electromechanical systems fundamentals of nano and microengineering ”, 2nd Edition, CRC Press, 2004.

5. http://idol.union.edu/~malekis/ESC24/ESC24MainPage/NanoMainPage.htm
Coordinator:

Vladimir Mitin, Professor of EE, Bonner Hall, Room 312C, E-mail vmitin@eng.buffalo.edu.
Office Hours: Tu. and Th., 11.00 a.m. - 12:00. Office: 312C Bonner Hall, North Campus.
Objectives:

The course will be targeted at undergraduate students on their early stage of education. The major goals and objectives are to provide third–year undergraduate students with knowledge and understanding of nanoelectronics as an important interdisciplinary subject. Through the examples, exercises, and educational Java applets the course will cover electrical and optical properties of materials and nanostructures, chemically-directed assembly of nanostructures, biomolecules, traditional and nontraditional methods of nanolithography, heterostructures, and nanotubes. Students will learn about resonant-tunneling diodes, transistors, single-electron transfer devices, nano-electromechanical systems, etc.

Topics:

1. Introduction (survey of modern electronics and  trends towards nanoelectronics )
2. Short review of particles and waves (classical particles, classical waves, wave-particle duality)
3. Short review of wave mechanics (Schrödinger wave equation, wave mechanics of particles, atoms and atomic orbitals)

4. Materials for nanoelectronics

4.1. Introduction

4.2. Semiconductors

4.3. Crystal lattices: Bonding in crystals

4.4. Electron energy bands

4.5. Semiconductor heterostructures

4.6. Lattice-matched and pseudomorphic heterostructures

4.7. Lattice-matched and lattice-mismatched materials

4.8. Organic semiconductors
4.9. Carbon nanomaterials: nanotubes and fullerenes

4.10. Closing remarks

4.11. Problems

5. Growth, fabrication, and measurement techniques for nanostructures

5.1. Introduction

5.2. Bulk crystal and heterostructure growth

5.3. Nanolithography, etching, and other means for fabrication of nanostructures and nanodevices

5.4. Techniques for characterization of nanostructures

5.5. Spontaneous formation and ordering of nanostructures

5.6. Clusters and nanocrystals

5.7. Methods of nanotube growth

5.8. Chemical and biological methods for nanoscale fabrication

5.9. Fabrication of nano-electromechanical systems

5.10. Closing remarks

5.11. Problems

6. Electron transport in semiconductors and nanostructures

6.1. Introduction

6.2. Time and length scales of the electrons in solids

6.3. Statistics of the electrons in solids and nanostructures

6.4. Density of states of electrons in nanostructures

6.5. Electron transport in nanostructures

6.6. Closing remarks

6.7. Problems

7. Electrons in traditional low-dimensional structures

7.1. Introduction

7.2. Electrons in quantum wells

7.3. Electrons in quantum wires

7.4. Electrons in quantum dots

7.5. Closing remarks

7.6. Problems

8. Nanostructure devices

8.1. Introduction

8.2. Resonant-tunneling diodes

8.3. Field-effect transistors

8.4. Single-electron-transfer devices

8.5. Light-emitting diodes and lasers including organic light-emitting diodes

8.6. Quantum-dot cellular automata

8.7. Nano-electromechanical systems 
8.8. Closing remarks 
8.9. Problems
Grading:   Straight scale will be used for grading with:

(85< - 100)% - A ;     (80 - <85)% - A- ;   (75 - <80)% - B+ ;     (70 - <75)% - B ;      (65 - <70)% - B- ;


(60  - <65)% - C+ ;    (55 - <60)% - C ;     (50  - <55)% - C- ;     (45 - <50)% - D+ ;   (40 - <45)% - D ;
<41% - F.

It includes: one group project - 20%, five quizzes - 10%, five homeworks - 10%, and three exams - 20% each. A group project will be chosen to expand knowledge beyond the material taught in the course. The end result of the group project will be a poster presentation.
If you have a disability, or should happen to acquire a disability this semester, you may be eligible for individualized services or reasonable accommodations known as academic adjustments to ensure that you have an equal opportunity as other students to access this course.  You may contact Disability Services (25 Capen Hall, (716-645-2608) for their professional review of your access/accommodation needs.  Follow Disability Services' directions for notifying and working with your course instructors. Timely notice that you are a student with a disability in need of academic adjustments is required.

Prepared by V. Mitin. Date: November 27, 2007.
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