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Abstract. In view of obtaining a step bunched morphology on large 4H-SiC surfaces, a sandwich
configuration is investigated. A piece of silicon is melted between two 4H-SiC 4° off wafers,
allowing a better spreading of the liquid than a Si drop approach. This successfully leads to highly
step-bunched surfaces, though with irregular steps. The most regular step and terrace stuctures were
found to be the result of epitaxial growth via a dissolution-precipitation process occuring from the
edges to the center of the wafers. This is probably caused by radio-frequency induced
electromagnetic convection within liquid Si. This process is quenched when using smaller liquid
thickness.

Introduction

Despite the attractive properties and already wide use of silicon carbide in power electronics, the
performances of SiC metal-oxide-semiconductor field effect transistors (MOSFETSs) remain limited
due to low channel mobility. A high density of electrically active defects at the Si02/SiC interface is
being held accountable for this limitation [1]. While the origin of these interfacial traps is still under
debate, recent experimental studies [2] attribute them to the micro/macro step-bunched morphology
inherent to commonly used off-axially grown epitaxial surfaces [3]. Such a morphology is expected
to critically impact the quality of the SiO»/SiC interface, for instance by initiating non-ideal
oxidations and nonstoichiometric near-interface regions [4].

A recent study has found that MOS capacitors fabricated on macrostepped surfaces show a
systematic decrease of the interface traps density of ~10-15% compared to “standard” samples [5].
Although this work gave an interesting direction for further study, it also raised the issue of
controlling the formation of such 4H-SiC macrostepped surfaces. A simple way would be to put a
4H-SiC wafer in contact with a liquid Si drop [6,7]. The induced atomic rearrangement would
generate the reconstruction of the 4°off surface with very large terraces of few um width, which is
more than 100 times wider than those found in standard epitaxial surfaces grown by chemical
vapour deposition (CVD). But while such a Si drop approach was appropriate for preliminary
demonstration and for small areas of ~0.5 cm?, its extrapolation to industry-scale areas (full 4-6"
wafer) is clearly not straightforward. A substancial increase in the sample size would require the
development of a set up where the liquid silicon would be more spread over the SiC surface. This is
the goal of the present work.

Experimental

In order to force the spreading of the liquid Si, a sandwich configuration is investigated. The
sandwich consists in a SiC/Si1/SiC stacking where a piece of n type Si wafer is placed in between
two 4H-SiC (0001) 4°off Si-face wafers (see Fig. 1 left). To avoid any Si loss upon melting from
the 4H-SiC wafers sides, the chosen lateral size of the bottom wafer (SiC bottom) is larger than the
top one (SiC top), i.e. 2x2 cm? and 1.2x1.2 cm? for the bottom and top wafers, respectively. The
pressure applied by the top wafer should force the liquid Si to spread on both surfaces until reaching
the square edges of the SiC-top wafer (Fig. 1 right). Such natural spreading is expected to lead to
homogeneous Si liquid thickness between the SiC wafers, which are thus considered parallel. We
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will also assume that the area occupied by the liquid Si is equal to the surface of the SiC-top wafer,
with no liquid overflow (this was confirmed experimentally). With these assumptions, we are able
to calculate the theoretical liquid thickness from the mass of the initial Si wafer piece.

After ultrasonic cleaning in methanol of each part of the assembly, the stacking is placed upon a
graphite susceptor which is then inserted in a RF-heated homemade vertical cold wall CVD reactor
working at atmospheric pressure under H>. Such cold wall configuration under flowing H> can
generate substantial vertical thermal gradient if the sample is thick enough. A typical experiment
consists in heating the assembly above Si melting point (1550-1600°C) for 30-120 min and then
cooling it. The elaboration conditions of the samples studied here are listed in Table 1. After
removing the sample from the reactor, the solidified Si is chemically etched in a mixture of
HF+HNOs3 for several hours. The obtained reconstructed surfaces of both SiC top and bottom
wafers are examined on the one hand using optical microscopy to study the obtained macrostepped
morphology, and on the other using mechanical profilometry to check the homogeneity of the
surface structuring process and the possible occurrence of any mass transport phenomenon.

Before Si melting After Si melting
SiC top Cold
Solid Si Liquid Si
SiC bottom ’_H_‘/
Susceptor
Hot

Figure 1. Schematics of the investigated sandwich set up and the expected thermal gradient
direction in this configuration before and after Si melting.

Table 1. Elaboration conditions of the investigated samples.

Sample Temperature [°C] Time [min] Si liquid thickness [pum]
A 1550 30 30
B 1550 120 30
C 1600 30 30
D 1550 30 400

Results and Discussion

First, as shown in Fig. 2, every 4H-SiC wafer treated in this work displays a pronounced
macrostep bunching which is easily visible by optical microscopy. Interestingly, in the case of the
SiC top wafers, 100% of the surface is step-bunched. This confirms the potential of the liquid Si
interaction approach for macro-structuring of 4H-SiC surfaces on large areas. But the precise step
structure of each wafer varies depending on both its position within the stack and the experimental
conditions. For instance, the bottom wafers always display wider terraces than the top ones.
Comparing samples A and B, it can be noted that an increase from 30 to 120 min of the interaction
duration does not a have a significant effect on the resulting SiC surface morphology. Increasing
temperature from 1550°C (sample B) to 1600°C (sample C) has a more pronounced effect
essentially for the bottom SiC, which displays wide but highly irregular steps. Increasing Si liquid
thickness from 30 to 400 um (sample D) leads to a significant improvement of the straightness of
the steps which are now clearly all parallel. This is precisely towards such a surface reconstruction
that the present work aims at. The uniformity of this reconstruction has yet to be verified, as well as
the possible occurrence of mass transport within the system. For that purpose, 3D profilometry
mapping on both top and bottom wafers of samples B and D (Fig. 3) was performed. It can be
observed that the “best” reconstructed surface of sample D is also the less homogeneous in terms of
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height variation across the wafer. On this sample, both top and bottom wafers display a butterfly-
like pattern with positive (up to +6 pum) height while the edges are delimited with -6 to -9 pm
depressions. In the case of sample B (with only 30 um liquid thickness, Fig. 3 right), the 3D maps
are visibly much flatter on both top and bottom wafers, even though the bottom SiC wafer displays
a central bumping at ~ +3 pm with edge delimitation at ~ -4um.
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Figure 2. Optical microscopy images of the top and bottom SiC wafers from the investigated
assemblies (see Table 1) after interaction with molten Si. Images are taken at the center of each
wafer.
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Figure 3. 3D profilometry maps of the top (up) and bottom (down) 4H-SiC wafers of sample D and
sample B.

The 3D mapping results suggest that some matter transport, from the edges to the center of the
wetting area, occurs on both SiC wafers of the same assembly. All seems to happen like if the edges
were preferentially etched and the dissolved carbon was transported to the center where it
precipitated to form epitaxial SiC. The fact that both top and bottom wafers display the same pattern
suggests that this dissolution-precipitation process takes place on the same SiC surface and not from
one surface to the other. According to the expected vertical thermal gradient within the assembly
during the treatments (see Fig. 1), one would have expected the main C transport to be from the
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bottom SiC (hotter) to the top SiC (colder). This is definitely not the case here since growth
evidently occurs on the bottom surfaces of both B and D samples. Such results obviously raise an
interrogation on the very existence of a vertical thermal gradient in this set up. However, the
previously mentionned differences in morphology for both wafers of the same stack (see Fig. 2)
suggest that these surfaces are not at the same temperature, though the resulting thermal gradient is
probably too small to counterbalance the edge-to-centre mass transport. The latter phenomenon
could originate from convection rolls generated by the intense magnetic field coming from the RF
heating [8,9]. Such rolls would transport C more efficiently than the thermal gradient would do, as
evidenced in liquid phase SiC growth experiments [10]. The butterfly pattern would then just reflect
the forced convection scheme that happens within the liquid Si. The fact that the mass transport
pattern is less pronounced for smaller liquid thickness is another hint towards the presence of these
convection rolls, as they require a certain amount of liquid to form.

Considering the main purpose of this work which is to generate a well controlled step bunching
for further MOS studies, it is important to keep in mind that the most wanted morphology (with
wide and regular terraces) was exclusively spotted at the center of sample D, where some SiC
growth occurred. This means that the SiC doping at the surface of these areas may have varied due
to this growth, possibly being out of the targeted range for MOS. The doping level of these
reconstructed surfaces has thus to be verified before considering a broader development of the
presented process. Finally, if less parallel macrosteps are deemed suitable enough for MOS
fabrication, a structured top SiC wafer resulting from an interaction with 30 pm liquid thickness
could then be a good compromise since it exhibits an apparently growth-free and homogeneous
step-bunched surface.

Summary

A sandwich configuration-based process for macrosteps design on large areas 4H-SiC(0001) 4°
off surfaces has been studied. Despite the homogeneous spreading of the liquid Si and the
demonstration of such structuring, uncontrolled mass transport occurs within the liquid, arguably
caused by convection rolls. Further study is needed for pursuing the obtention of a regular
macrostepped morphology while avoiding SiC growth.
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