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Course Structure: 
 
The course consists of three lecture/discussion sections per week.  Final grades 
are will be based on total points accumulated on the class projects, selected 
homework assignments and final in-class presentation. 
 
Topical Overview: 
 
Traditionally Covered 
 
• Review of semiconductor equations and numerics 
• Discretization of the basic drift-diffusion equations 
• Decoupled and coupled solution approaches with examples 
• Hydrodynamic models for device simulation 
• Monte Carlo models for device simulation 
• Self-consistent ensemble Monte Carlo method for device simulation with 

examples 
• Operation of advanced bipolar and hetero-junction bipolar transistor devices 
• Operation of advanced field-effect transistors with emphasis on high electron 

mobility transistors 
• Deep sub-micron MOSFETs 
• Survey of techniques for quantum device modeling. 
 



New Topics (i.e. topics I find interesting in no specific order): 
 
• Berry phases in quantum systems 
• Quantum Hall effect and lattice electrons in a magnetic field 
• Green’s functions and non-equilibrium Green’s function formalism (NEGF) 
• Scattering matrices and mode space approaches to quantum transport 
• Graphene and 2D lattice Dirac fermions 
• The Chern number and related topological invariants 
• Haldane and Kane-Mele model for graphene 
• The quantum spin Hall effect 
• Topological insulators in 3D 
• Topological insulators without time-reversal invariance 
• Entanglement spectrum 
• Proximity effect in topological systems and Majorana fermions. 
 
Texts: 
 
• S. Selberherr, Analysis and Simulation of Semiconductor Devices, 1984. 
• K. Hess, Advanced Theory of Semiconductor Devices, 1999. 
• S. M. Sze, Ed., High-Speed Semiconductor Devices, 1990. 
• D. K. Ferry and S. M. Goodnick, Transport in Nanostructures, 1997. 
• M. Di Ventra, Electrical Transport in Nanoscale Systems, 2008.my.ec 
 
Absences in General: 
 
Below I outline my general theory on course absences. 
 
Your Absences: 
 
I expect you to attend each of the lecture sections.  If you know that you are not 
going to be able to attend the class, please let me know.  I understand that as 
graduate students you may need to miss class for official university business 
(e.g. a conference or review) but on this communication is the key.  That said, 
the lectures take a significant amount of time to prepare and distill and I don’t 
enjoy giving them to an empty classroom. 
 
My Absences: 
 
I travel a lot.  It is an unfortunate part of the job.  I will tell you in advance when I 
will not be present to give the lecture and will try to arrange a replacement to 
lecture. 


