Reliability and Performance Limiting Defects in 4H
SiC Metal Oxide Semiconductor Field Effect
Transistors

Patrick M. Lenahan1, Aivars. J. Lelis2, Mark A. Anders3, Corey J.
Cochrane4, and James P. Ashton1,3
1. Dept. Engineering Science and Mechanics, Pennsylvania State University, University Park, PA
2. U.S. Army Research Laboratory, Adelphi, MD
3. National Institute of Standards and Technology, Gaithersburg, MD
4. Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA

Abstract:
Enormous progress has been made in the development of metal oxide semiconductor (MOS)
technology based upon 4H SiC. However, this promising technology is significantly limited by
reliability and performance limiting defects. The most important defects are at and very near
the SiC/SiO2 interface. Fairly extensive electron paramagnetic resonance studies (EPR) have
developed an extensive but not yet complete understanding of the atomic scale structure of
defects responsible for these problems. Most of the EPR studies have utilized extremely
sensitive electrically detected magnetic resonance (EDMR) detection. These EDMR studies
clearly demonstrate links between processing chemistry and the densities of at least some of
these defects. In addition, EDMR results elucidate the role they play in limiting device
performance and, to some extent, device reliability. Because EDMR directly involves
measurements of device currents, they provide direct and completely unambiguous links
between defect chemistry and device performance. These studies show that the SiC/SiO 2
interface/ near interface defects are far more complex than is the case for the much better
understood Si/SiO2 system. In the Si/SiO2 system, interface silicon dangling bond defects called

Pb centers usually dominate interface traps. Oxide silicon dangling bond centers called E’
centers (often associated with oxygen vacancies) usually play dominating roles in oxide charge
trapping. In the 4H SiC/SiO2 system near interface SiC silicon vacancies, nitrogen complexed
defects, and carbon and possibly silicon dangling bond centers can, depending on processing
parameters, play significant roles in interface trapping. Near interface E’ defects can also play
important roles in the SiC/ SiO2 system, in a manner somewhat similar to the roles they play in
the Si/SiO2 system.
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