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Abstract

We investigate anisotropical and geometrical aspects of hexagonal structures of Silicon Carbide and propose a direc-
tion dependent interpolation method for oxidation growth rates. We compute three-dimensional oxidation rates and
perform one-, two-, and three-dimensional simulations for 4H- and 6H-Silicon Carbide thermal oxidation. The rates
of oxidation are computed according to the four known growth rate values for the Si- (0001), a- (112̄0), m- (11̄00),
and C-face (0001̄). The simulations are based on the proposed interpolation method together with available thermal
oxidation models. We additionally analyze the temperature dependence of Silicon Carbide oxidation rates for different
crystal faces using Arrhenius plots. The proposed interpolation method is an essential step towards highly accurate
three-dimensional oxide growth simulations which help to better understand the anisotropic nature and oxidation
mechanism of Silicon Carbide.
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1. Introduction

Silicon Carbide (SiC) has excellent physical proper-
ties and has received significant attention in recent years
as a Silicon (Si) replacement material for power device
applications due to a high electrical breakdown volt-
age and a high thermal conductivity. Compared to Si,
SiC has approximately a three times wider band gap,
ten times larger electrical breakdown voltage, and three
times higher thermal conductivity [1, 2, 3]. Taking
advantages of these properties, the on-state resistance
for unipolar devices such as metal-oxide-semiconductor
field-effect-transistors (MOSFET) can be reduced by a
factor of a few hundreds when replacing Si with SiC
[4, 5]. Aside from the theoretical advantages in SiC de-
vices, the need for numerical simulation based on ac-
curate models is indispensable to further the success of
modern power electronics.

Among the numerous polytypes of SiC, most pop-
ular for device applications are 3C-SiC, 4H-SiC, 6H-
SiC, and 15R-SiC. These polytypes are characterized
by the stacking sequence of the bi-atom layers of the

Email address: simonka@iue.tuwien.ac.at (Vito Šimonka)

SiC structure. Changing the stacking sequence has a
profound effect on the electrical properties. See Fig. 1a
for an atomic view of a 4H-SiC. In this work, we fo-
cus on 4H- and 6H-SiC as they have been recognized
as the most promising polytypes and are currently com-
mercially available for high power, high frequency, and
high temperature applications [6, 7].

Thermally grown oxide layers (SiO2) play a unique
role in device fabrication, e.g., lateral structures in
planar technology and passivation of device surfaces.
Therefore, it is necessary to have a solid understand-
ing of oxidation growth rates and the dependence on
the crystallographic planes of SiC. Among the wide
bandgap semiconductors, SiC is the only compound
semiconductor which can be thermally oxidized in the
form of SiO2, similar to conventional Si substrate. This
is seen as one of the most important technological prop-
erties of SiC and has motivated considerable effort in its
development. The following reaction governs the oxi-
dation of SiC [1]:

SiC +
3
2

O2 ↔ SiO2 + CO. (1)

As opposed to the relatively simple oxidation of Si, the
thermal oxidation of SiC includes five steps [2] (dis-
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