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EEE 532--Semiconductor Device Theory II

Catalog Description:    Prerequisite:  EEE 531.  (If you did not take this course at ASU, please check with me to confirm that you have the equivalent background).  Topics:  Advanced MOSFET’s, charge-coupled devices, solar cells, photodetectors, light-emitting diodes, microwave diodes, and modulation-doped structures.

Required Background:  Quantum mechanics is not required for this course and will be used only sparingly (but is required for all more advanced courses in this area, and should be taken as early as possible in your program).  A graduate level background in transport and recombination theory, semiconductor electrostatics, pn junction diodes, bipolar transistors, and MOS capacitors and transistors, such as that in EEE 531, is required.  

Course Topics
I.
Semiconductor heterojunctions (classification, band offsets, thermodynamic forces for carrier redistribution, electrostatics, pseudomorphic structures).

II.  
Transport in heterojunctions and metal-semiconductor junctions (vertical transport via thermionic emission, field-aided thermionic emission, field emission, and diffusion theory; two-dimensional carrier gases, modulation doping, and lateral transport; applications of heterojunctions and Schottky diodes).

III.  
Bipolar and heterojunction bipolar transistors (operational principle and basic theory, high level injection, Ebers-Moll and Gummel-Poon models, secondary effects, high frequency behavior, use of heterojunctions to enhance device characteristics).

IV. 
Nonequilibrium MOS devices, including semiconductor memories and CCD devices.

V.
Junction and metal-semiconductor field effect transistors (comparative analysis, gradual channel theory, high frequency behavior, velocity saturation effects, noise properties).

VI.
Transit-time diodes (IMPATT structures, phase relations, BARITT and TRAPATT diodes).

VII.
Transferred-electron devices (transferred electron effect, charge instabilities, LSA mode, hybrid mode, transit mode).

VIII.
Light-emitting diodes (nature of optical transitions, materials considerations, internal and external quantum efficiencies, modulation).

IX.
Semiconductor lasers (spontaneous and stimulated emission, Einstein A and B coefficients, optical modes, criterion for lasing, heterostructures, device structures and geometries, single-frequency lasers and applications to fiber-optic communications, modulation).

X.
Photodetectors and solar cells (photoconductive and photovoltaic detectors, noise considerations, device structures and quantum efficiency, avalanche photodiodes, solar cell efficiency, surface recombination effects, tandem structures, materials systems).
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