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1. ABSTRACT

Program Rationale

This research is aimed at the development of an integrated sensor for gas species and
temperature based on commercial 6H-silicon carbide (SiC) semiconductor technology. SiC is a
high temperature, wide band gap semiconductor with exceptional chemical and thermal stability.
As a consequence, research over the past decade has been aimed at the development of SiC for
high temperature electronics and gas sensors. Based on extensive studies of Schottky diode and
metal-oxide-semiconductor (MOS) device structures, the major problems facing SiC sensors can
be traced to long-term thermal degradation of sensor performance due to intermixing and
reaction at the metal-semiconductor interface.

Objectives
The objective or our research is to improve of thermal stability of the metal-semiconductor

interface by improving the quality of the 6H-SiC surface. In these studies, ultrahigh vacuum
deposition techniques are being used that can readily be incorporated into prototype sensor
fabrication processes. These fabrication methods are combined temperature dependent electrical
characterization studies. As a result of this approach, we are in a unique position to monitor and
document each step of the device fabrication process and to relate these data to device
characteristics and performance.

Accomplishments to Date

In the presentation, we will describe the experimental approach and accomplishments to date in
detail.  Specifically we have developed a scalable process for reproducibly producing
periodically stepped 6H-SiC surfaces. This process uses standard wet chemical etching and high
temperature hydrogen annealing. The resulting substrate surfaces are characterized by ~100 nm
wide terraces and ~1.5 nm high steps (for on axis substrates). These stepped surfaces produce
metal-semiconductor interfaces that are much more thermally stable than those fabricated on
substrates prepared with standard wet chemical etching alone. Moreover, it is shown that when
metal-semiconductor interfaces formed on the stepped surfaces do become unstable and react to
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form silicides, the transport mechanisms are much different than those for the standard substrate
preparation. As a result, the surface composition and morphology are completely different. This
may provide key insights into the device failure mechanisms as well as a means of improving
device stability.

Future Work

This work marks the end of the present DOE research. Our future efforts to improve the stability
of the metal-semiconductor interface will explore the effect of actually removing the steps by
subsequent SiC epitaxy to produce atomically flat SiC surfaces. We expect this will also
increase the thermal stability of the interface.
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