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EEE 531--Semiconductor Device Theory I

Catalog Description:  Transport and recombination theory, pn and Schottky barrier diodes, bipolar and junction field-effect transistors, and MOS capacitors and transistors.  
Prerequisite:  EEE 436 or equivalent.  Note that this pre-requisite will be strictly enforced.
Required Background:  A senior level course in semiconductor device physics, roughly equivalent to the material contained in Chs. 1-8 of B.G. Streetman, Solid State Electronic Devices, Vols. I-IV of the Modular Series on Solid State Devices (Pierret and Neudeck), or Chaps. 1-3, 5-8, 10-12, and 14-18 of R.F. Pierret, Semiconductor Device Fundamentals. (The latter is the current EEE 436 text, available in the bookstore.)  It is important to be up to date and current on this material as mastery will be assumed.
Course Topics
I.
Review of semiconductor fundamentals (crystal structures, band structure, semiconductor statistics and doping, transport phenomena including drift, diffusion, ambipolar, and hot electron effects, heavy doping effects, Shockley equations).

II.  
Generation/recombination mechanisms (optical, multi-phonon, Shockley-Read-Hall, Auger, impact ionization).

III.  
Theory of impact ionization and avalanche breakdown.

IV.
Semiconductor electrostatics:  the Poisson-Boltzmann equation; accumulation, flat-band, inversion, and depletion regimes; approximate solutions; capacitance; applications to p-n junctions, Schottky diodes, and MOS capacitors.

V.  
The MOS capacitor (electrostatic analysis, oxide and interface charges, C-V properties).

VI.  
MOS transistors (gradual channel approximation, body effect, charge control models, velocity saturation and short/narrow channel effects, small signal models, noise properties of FET’s (generally)).

VII.  
P-n junction theory (built-in voltage and electrostatic solution, current transport mechanisms, quasi-equilibrium approximation, G-R currents, high level injection, tunneling current, transient analysis).

VIII.  
Bipolar transistors (current gain, high level injection, current crowding and Early effect, Ebers-Moll and Gummel-Poon models, secondary effects, transient analysis, thermal effects).  (Part of this covered in 532)

IX.  
Schottky diodes (thermionic emission, field-aided thermionic emission, field emission, diffusion theory).  (Usually covered in 532)
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