Syllabus

ECE 600-02, Advanced Device Electronics




Spring 2007

Overview: The aim of this course is to analyze the properties of submicron scale electronic devices with an emphasis on current flow.  This topic has become increasingly relevant as advances in fabrication technology make it possible to engineer devices with near atomic dimensions, and limitations in standard device technologies impact the semiconductor industry’s need for increased integration densities.  We will provide a general method to calculate the conductance from a microscopic viewpoint and discuss electronic phenomena observed at reduced device dimensions, including quantized conductance, tunneling and Coulomb charging.  Finally, we will discuss several advanced device concepts based on these principles.

Prerequisites: Physical electronics (ECE 542) and electrostatics (ECE 473); knowledge of differential equations, linear algebra, simple numerical methods and programming; background in the principles of modern physics. 

Course outline 
1. Introduction: Topic overview, Moore’s law, electron energy diagrams, scattering length scales, particle and wave nature of electrons, macroscopic versus microscopic conduction. (2 classes)

2. Conductance calculation for one state system (2 classes)

3. Calculation of energy levels using Schrödinger’s Equation (3 classes)

4. Tunneling transmission calculations, Fowler Nordheim tunneling (3 classes)

5. Density of states, subbands in systems with reduced dimensions (2 classes)

6. Current density calculations, tunnel diodes (2 classes)

7. Ballistic conductance: quantum point contacts and quantum Hall effect (5 classes)

8. Carbon nanotubes (3 classes)

9. Spin electronics and spin tunneling devices (2 classes)

10. Oral presentations (4 classes)

Course Learning Outcomes: Students who complete this course will be able to:

1) Calculate conductance of a one-state system.

2) Determine energy levels and wavefunctions for simple confinement potentials.

3) Calculate tunneling transmission coefficient for simple energy potentials.

4) Calculate current density for tunneling device.

5) Determine density of states and energy subbands for devices with reduced dimensions, including carbon nanotubes.


6) Describe operation of ballistic devices.

7) Describe operation of spin tunneling devices.

Instructor Bruce Alphenaar, Associate Professor, Electrical and Computer Engineering
Tel: 852-1554  Email: brucea@louisville.edu
Office hours Wednesdays, 4:00-6:00 pm, Belknap Research Building, room 246.  

Textbook Supriyo Datta, Quantum Transport: Atom to Transistor, Cambridge University Press, 2005.  This is the main source of material for the course.  However, we will also draw from a number of other sources (see supplementary reading below). Copies of relevant sections will be made available on Blackboard.

Programming Examples MATLAB code is available to perform the calculations described in the book. You will need this code for homework assignments.  To download the code, you first need to create a free account on www.nanohub.org.  Once you create your account, log-on, and click downloads.  Choose “MATLAB Scripts for Quantum Transport: Atom to Transistor,” and click download at the bottom of the page that appears.

MATLAB Software MATLAB is available on the student computers in WS Speed 225 and in the Vogt CAD laboratory. You will need an ECE Computer Account. If you do not already have an account, you will need to sign-up for one.  More information is provided on the ECE departmental web page under “Computer Services.”
Web Material The www.nanohub.org website contains a large amount of useful course material.  In particular, Dr. Datta has posted a series of companion lectures to accompany his textbook. You can find these on the MATLAB script download page under the link “Dr. Datta’s lectures.”
Supplementary reading Ben G. Streetman and Sanjay Banerjee, Solid State Electronic Devices, 5th edition, Prentice Hall, 2000.  David K. Ferry and Stephen M. Goodnick, Transport in Nanostructures, Cambridge University Press, 2001. C.W.J. Beenakker and H. van Houten, Quantum Transport in Nanostructures, in Solid State Physics, Volume 44, Academic Press, 1991. Karl Goser, Peter Glosekotter, and Jan Dienstuhl, Nanoelectronics and Nanosystems, Springer, 2004

Homework Assignments / Projects There will be a number of project style homework assignments.  These will involve a combination of computer programming and analytical calculation.  

Final Project: The final project will consist of an oral presentation in which you will be required to describe an important research result in the area of nanoelectronics.

Exams There will be one final exam held at the completion of the course.

Evaluation Grades will be calculated from the average of the homework assignment grades (worth 40%) the final project grade (worth 25%), and the final exam grade (worth 35%). 
