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Abstract of Thesis

Silicon carbide (SiC) is a promising new material for high-power, high-temperature, and
high-frequency applications because of its excellent electrical, thermal, and mechanical properties. In
the production of such applications, well-prepared surfaces are of crucial importance. However, SiC is
a hard and inert material, which makes the production of a smooth surface via conventional polishing
methods difficult. In this context, a new abrasive-free planarization method called catalyst-referred
etching (CARE) has been proposed and developed. CARE utilizes Pt as a catalyst and hydrofluoric acid
(HF-CARE) or water (water-CARE) as the etchant, producing flat, non-damaged SiC surfaces with a
root-mean-square (RMS) roughness of less than 0.1 nm over the entire wafer. However, the
mechanism of CARE is not fully understood, limiting its practical application in industry as a general
planarization method. Therefore, this study focuses on the CARE mechanism, centered on determining
the mechanisms of HF- and water-CARE using density functional theory (DFT) calculations. These
calculations are performed using the Simulation Tool for Atom Technology (STATE) program package
based on the DFT within a generalized gradient approximation of Perdew-Burke-Ernzerhof
(GGA-PBE). The activation barriers and reaction pathways are calculated using the climbing image

nudge elastic band (CI-NEB) method.

Based on experimental studies, a model for calculations, consisting of a step-and-terrace 3C—SiC (111)
and a stepped Pt (111), is proposed. As a first approach, understanding the interaction of HF with SiC
and a search for low-energy reaction pathways are carried out. The calculations reveal that the
dissociative adsorption of HF onto an Si—C back-bond of a step-edge Si is easier than that onto an Si—
C side-bond or a terrace site. The calculations also show that the indirect two-step Si—C back-bond
breaking exhibits a low activation barrier. Using this knowledge of the HF—-SiC surface interactions,
DFT calculations that include the Pt catalyst are performed to investigate the mechanism of the first
Si—C bond breaking and the role of the Pt catalyst. For both HF- and water-CARE, the activation
barrier decreases dramatically as the Pt layer moves closer to the SiC surface. At the distance between
the Pt and a surface O atom of about 2.1 A, the barrier heights of the Si—C back-bond breaking in the
presence of the Pt catalyst are less than 0.8 eV. Formation of the Pt—O bonds at the Pt-SiC interface
during the reaction stabilizes the metastable and final states, leading to lowering of the activation

barriers.
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