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Purdue University Fall 2015 
ECE 656: Electrothermal Transport in Semiconductors 

 
Course Description This course is about the flow of charge and heat in semiconductors with an 
emphasis on transport in nanoscale devices. The objective is to develop a broad understanding of 
basic concepts. This course is designed for those who work on electronic materials and devices – 
experimentalists, device physicists, theorists, and computational experts. It is accessible to 
students with a general, introductory background in semiconductors and addresses the 
fundamentals of electrothermal transport that every materials and device researcher should be 
familiar with. 
The course consists of four parts. 

Part 1 reviews advanced semiconductor fundamentals concepts covered in 453/595 and 
606 and addresses new topics such as phonons and carrier scattering.  
Part 2 examines near-equilibrium transport of electrons and phonons in the presence of 
small gradients in the electrochemical potential and/or temperature. 
Part 3 focuses on the Boltzmann Transport Equation (BTE). Some of the results obtained 
in part 2 are derived from the BTE, and the effects of a magnetic field are discussed. The 
use of Fick’s law of diffusion and Fourier’s Law of heat transport at the nanoscale are 
discussed. 
Part 4 treats high-field transport in bulk semiconductors, so-called “non-local” transport in 
nanoscale devices, and provides a gentle introduction to the Non-equilibrium Green’s 
Function (NEGF) approach to dissipative quantum transport. 

 
Instructor: M.S.  Lundstrom (lundstro at purdue.edu) 
 
Class meetings: Tues, Thurs. 9:00 – 10:20 PM KRAN G005 
 
Office Hours: Tuesdays and Thursdays, 11:00-12:00 noon, WANG-3055 
 (or make an appointment for a different time by e-mail.) 
 
In addition to office hours, students are encouraged to make use of the ECE 656 Fall 2015  
 
Discussion Forum:  piazza.com/purdue/fall2015/ece656/home 
 
Prerequisites: ECE 453/595 and 606 or equivalent (basic introduction to semiconductor 

materials and devices, solid-state physics, and quantum mechanics). 
Texts: Near-equilibrium Transport:  Fundamentals and Applications (NET) 
 Mark Lundstrom, World Scientific (2012). 
 (a draft copy of this text will be distributed to 656 students) 
 Fundamentals of Carrier Transport, 2nd Edition (FCT) 
 Mark Lundstrom, Cambridge University Press (2000) 
 ISBN-13: 9780521637244 (paperback) 
 Handouts and class notes will also be distributed from time to time 
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ECE 656 Fall 2015 (continued) 
 
The course homepage provides complete information about the course and will be used for 
posting weekly reading assignments, homework assignments and solutions, supplemental 
material, announcements, etc.).  

http://nanohub.org/groups/ece656_f15 
 

 
Course Format: During a typical class session, I plan to present 2 or 3 ~20 minute lectures with 
time after each of these for questions and discussion.  This course will make extensive use of 
pre-recorded online lectures and two different textbooks to amplify and extend the material 
covered in the lectures. 
Quizzes: Each week, short, multiple-choice quizzes will test your understanding of the week’s 
material. These quizzes are for your use – to be sure that you understand the material; they will 
not be graded.  
Homework Assignments:  Working homework problems is essential for understanding a course 
like this. Homework will be assigned.  It will not be graded, but solutions will be posted and 
discussed in class. 
Exams:  Frequent exams will test your understanding of the material, so it will be important to 
keep up. Five (5) exams will be given, and you must take all five. Exams will be conducted in 
class. Your exam score will be determined by the highest four out of five of the exams plus the 
final project (described below).  
Project:  In lieu of a final exam, there will be a mini-project. You will select (with my approval) 
any paper that has to do with electron or phonon transport and then write on the topic of the 
paper you selected. The paper should be no more than 10 pages long and should use the notation 
and concepts discussed in ECE-656. Your report should not simply be a review of the paper – it 
should be a self-contained discussion of the topic of the paper you select. To receive a strong 
grade, I should learn something from the paper, and I need to be convinced that any 656 student 
who reads the paper could follow it and learn something from it. 
MATLAB Assignments:  You will be asked to write a few MATLAB  programs to implement 
the theory we discuss in class.  These assignments will be graded PASS/FAIL (1 or 0) and no 
late assignments will be accepted. If you successfully complete all of these assignments, you will 
receive a score equal to one exam. If your score on these assignments is higher than the lowest of 
your five exam scores, it will replace the lowest example score. If your MATLAB solution is 
chosen as one of the standout solutions, you will receive double the score for that assignment. 
Grading: 

Exams (highest 4 out of 5 each one courts 200 points of your total grade)  
 800 
Final Project:          200 
Total course points:         1000 
Extra credit:  MATLAB Assignments  (up to 200 points to replace your lowest exam 
score). 
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OTHER IMPORTANT TOPICS:     ECE 656 Fall 2015 (continued) 
 
Class announcements will supersede prior written information and will be posted on the 
course homepage. 
 
 
Discussion Forum:  We will use Piazza for questions, answers, discussions relating to the 
course material.  Sign up at:  piazza.com/purdue/fall2015/ece656 
 
 
Class Attendance:  Class attendance is important. If you must miss class, you are responsible 
for any material, information, handouts, announcements, etc. that you missed. 
 
 
Academic Policies:  All work must be your own.  This applies to exams, the final project, and 
to the MATLAB assignments. You may discuss your final project with others, but the final 
report must be your own work. You may also discuss the MATLAB assignments with other 
students, but you must not show anyone else your work on the MATLAB assignment. 
 
 
Academic Dishonesty:  Incidents of academic misconduct in this course will be addressed by 
the instructor and referred to the Office of Student Rights and Responsibilities (OSRR) for 
review at the university level. Any violation of course policies as it relates to academic integrity 
will result minimally in a failing or zero grade for that particular assignment, and at the 
instructor’s discretion may result in a failing grade for the course. In addition, all incidents of 
academic misconduct will be forwarded to OSRR, where university penalties, including removal 
from the university, may be considered. 
 
 
Course Policies in the Event of a Campus Emergency:  In the event of a major campus 
emergency, course requirements, deadlines and grading percentages are subject to changes that 
may be necessitated by a revised semester calendar or other circumstances. Information about 
changes will be posted on the course web page and available from lundstro@purdue.edu 
 
Additional information about Emergency Preparedness is available on the course web page.  
 


