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Optical and Tactile Measurements on SiC Sample Defects
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Summary:

The different defect types on SiC samples are measured with various measurement methods including
optical and tactile methods. The defect types investigated include particles, carrots and triangles and
they are analyzed with imaging ellipsometry, coherent Fourier scatterometry and atomic force micros-
copy. Each of these methods measures different properties of the defects and they all together con-

tribute to a complete analysis.
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Introduction

Power electronics is a key technology in many
areas of our daily lives, such as intelligent en-
ergy distribution or electromobility. It is currently
dominated by silicon technology. However,
there is an increasing transition to wide band-
gap compound semiconductors, which also
include gallium nitride and silicon carbide (SiC).
These compound semiconductors offer many
advantages over silicon as they can operate at
higher temperature, switching frequency and
voltage [1]. However, material defects can af-
fect the long-term stability of these materials.
During the manufacturing processes, it is diffi-
cult to identify and characterize these defects
with existing techniques. For this reason, novel
methods will be developed to make this possi-
ble. There are several approaches, all of which
have in common that they are non-destructive.
Imaging ellipsometry and coherent Fourier scat-
terometry are the optical methods used and
atomic force microscopy is the tactile method
used.

In the following, the different types of defects on
SiC layers epitaxially grown on SiC substrates
will be discussed as well as the measurement
methods used and their respective measure-
ments.

The SiC epitaxial wafers used for the meas-
urements were grown in an AIXTRON Plane-
tary Reactor®.
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Defect types

Defects on SiC are distinguished between crys-
tallographic defects within the wafer and sur-
face defects. Crystallographic defects can ex-
pand onto the wafer surface during epitaxial
growth and thus form the surface defects [2].
Various surface defects are found on the sam-
ples studied here, the most common being par-
ticles, carrots and triangles (see Fig. 1).
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Fig. 1. Microscope images of the SiC defects. a)
carrot defect; b) triangle defect; c) particle with trian-
gle defect

Imaging Ellipsometry

An imaging ellipsometer combines classical
ellipsometry with microscopy. In ellipsometry,
changes in the polarization of light are detected
after reflection or transmission at the sample.
For the imaging setup, the data is evaluated for
each pixel of the camera instead of being inte-
grated over the entire illumination spot size as
in the case of classical ellipsometry. This
makes it possible to measure polarization fea-
tures locally on the sample, areas much smaller
than the illumination spot size and even non-
periodic structures. However, it is an indirect
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method and requires numerical simulations to
reconstruct structure parameters and to solve
the inverse diffraction problem. [3]

Both Mueller matrix and Psi and Delta images
are used for the data evaluation. Psi and Delta
are the measured ellipsometric transfer quanti-
ties. The dielectric properties and the thickness
of thin transparent and semi-transparent layers
can be determined from them. The Mueller
matrix is a 4 by 4 matrix with dimensionless
values between -1 and 1 and represents the
change in the polarization. Each matrix element
consists of an image in which each pixel repre-
sents the value of the corresponding matrix
element (see Fig. 2b)).

Coherent Fourier Scatterometry

Coherent Fourier scatterometry (CFS) is a
measurement method based on scatterometry,
where coherent light is focused on the sample
and the scattered light is collected in the far
field on a split detector. The data is collected by
scanning the sample in a raster scan mode and
recording the differential photocurrent of the
split detector for each scan point. The scattered
maps reveal all asymmetries in the scattered
field and is thus sensitive to the presence of
isolated defects on the sample. This technique
has been applied for the detection of isolated
spherical nanoparticles [4] and in this work we
show that it can also be used for the detection
of non-spherical defects as shown in Fig. 2c).

Atomic Force Microscopy

Atomic force microscopy (AFM) is a high-
resolution tactile scanning method and is used
for the measurement of the surface topography.
It can be used for the mapping of the defects at
different spatial scales, up to individual atomic
plane resolution and it can include both the lo-
cal defects and overall statistical parameters,
like roughness.

Measurements

Different areas within the complex structure of
SiC defects could be detected and analyzed by
means of the imaging ellipsometer EP4 from
Accurion. An ellipsometric microscope image is
shown in Fig. 2a), a Mueller matrix image in Fig.
2b) and a CFS scattered map in Fig. 2c). These
optical measurements show the ability of imag-
ing ellipsometry and CFS to identify the surface
defects with high contrast. In the Muller matrix
image, a change in the polarization state is
visible in some matrix elements, which simpli-
fies the detection of these defects.

In Fig. 2d) an AFM measurement of a triangle
defect is shown. Its surface topography can be
clearly seen, and the dimensions of the defect
can be derived from the topography. In this
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way, the AFM measurement supports the ana-
lysis of the SiC defects, which can be detected
using the optical methods.
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Fig. 2. Measurements on SiC defects. a) ellipsomet-
ric microscope image of a particle with triangle de-
fect, 10x magnification; b) Mueller matrix image of a
particle with triangle defect, 20x magnification; c)
CFS scattered map of a particle with triangle defect;
d) AFM measurement of a triangle defect
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