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1.3 Dislocation Formation During Initial Stage of PVT Growth of 4H-SiC Crystals

misfit strain within the basal plane at the grown-crystal/seed interface, and (d) the
resultant concave-shaped basal plane bending in the growth direction after PVT
growth. The large basal plane bending due to the poor heat dissipation in the initial
stage of PVT growth of SiC was observed experimentally by Hock et al. using in situ
X-ray diffraction [46]. They found that the degree of basal plane bending increased
with the growth rate, implying that the latent heating due to the condensation of
source gas species plays an important role in the basal plane bending in the initial
stage of PVT growth.

The final concave shape of the basal plane in the growth direction shown in
Figure 1.19d is consistent with the lattice bending observed by HRXRD, and thus,
the large positive temperature gradient established at the growing crystal surface
during the initial stage of PVT growth would be the most plausible cause of the
observed BPD networks. The relationship between the observed BPD networks and
the formation of threading dislocations in the initial stage of PVT growth [10-12]
is yet to be clarified. However, in Figure 1.17, in addition to the BPD networks,
dot-like features are also observed at the nodes of the BPD networks. They are likely
to correspond to threading dislocations and suggest that the BPD networks are
related closely to them and would be an important source of threading dislocations
in PVT-grown 4H-SiC crystals.

As revealed in Figure 1.16, the BPD networks extended fairly deeply in the seed
crystal. The maximum depth of the networks in the seed crystal can be estimated
from their positions on the surface of the 1.5° off-oriented (0001) wafer; the networks
extended up to 7mm on the wafer surface from the grown-crystal/seed interface
toward the backside of the seed crystal. The distance of 7mm on the wafer surface
corresponds to a depth of 300 pm from the grown-crystal/seed interface toward the
backside of the seed crystal. In the initial stage of PVT growth, growth islands are
likely to nucleate on the seed crystal surface and then coalesce as the crystal growth
proceeds (see Figure 1.18b). Under a large positive temperature gradient, the growth
islands tend to incorporate BPDs to relieve the misfit strain due to the temperature
gradient, and when the islands coalesce, the BPDs are rearranged and form networks
at the grown-crystal/seed interface. The results obtained by Shioura et al. indicated
that these BPD networks at the interface were accompanied by extra half-planes
pointing toward the backside of the seed crystal and caused the (0001) basal plane
to bend in a concave manner in the growth direction after the PVT growth process
[39]. An important question here is how and why these BPD networks migrated into
the seed crystal during PVT growth.

There are two possible mechanisms for the migration of the BPD networks into
the seed crystal, namely, (i) the glide motion of BPDs on the basal plane and (ii)
the climb motion of BPDs across the basal plane. To clarify the mechanism for
BPD migration into the seed crystal during PVT growth, Shioura et al. conducted a
masked PVT growth experiment on a 4° off-oriented (0001) seed crystal [39]. The
result is shown in Figure 1.20, where a reflection X-ray topograph for the diffraction
condition g = 1128 acquired from the boundary area between the masked and
unmasked regions of the seed crystal is shown. The masked region (right-hand
side of the figure) was covered with a graphite plate during PVT growth to prevent
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Unmasked region Masked region

Figure 1.20 Enlarged reflection X-ray topograph for diffraction condition g = 1128
acquired from the boundary area between the masked and unmasked regions of the seed
crystal; the 4H-SiC crystal was grown on the unmasked region (left-hand side of the dashed
line in the topograph), whereas no crystal growth occurred on the masked region
(right-hand side of the dashed line). The topograph shows clearly that the BPD networks in
the seed crystal existed only in the unmasked region of the seed crystal. Source: Shioura

et al. [39].

crystal growth. As shown in the figure, BPD networks exist only in the unmasked
region and do not extend into the masked region. This result shows clearly that the
observed BPD networks migrated into the seed crystal through the climb motion
of dislocations, as schematically illustrated in Figure 1.21, rather than the glide
motion. This is because, had the glide motion been the dominant mechanism for
BPD migration, then the BPD networks formed during the initial stage of PVT
growth should have glided on the basal plane into the masked region beyond the
boundary between the unmasked and masked regions and then been observed in
the masked region of the seed crystal after the crystal growth.

The climb motion of dislocations is driven by the injection, diffusion, and incorpo-
ration of intrinsic point defects, such as vacancies and interstitials, to the dislocations
[47]. As described in Section 1.3.3, the observed BPD networks were accompanied
by extra half-planes pointing toward the backside of the seed crystal, and thus, their
migration toward the backside of the seed crystal requires vacancies to be incorpo-
rated in the dislocations as illustrated schematically in Figure 1.20. Given the migra-
tion depth of the BPD networks, it is clear that a large number of vacancies were
injected during the initial stage of PVT growth. The mechanism for this remains
unclear, but the poor dissipation of the latent heat in the initial stage of PVT growth
(see Figure 1.18b,d) would cause local heating of the growing crystal surface, which
may induce the injection of a large number of vacancies into the growing crystal.

1.4 Conclusions

SiC is a promising material for the next generation of power semiconductor devices,
and the adoption of SiC power devices is critical for enabling faster, smaller, lighter,
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and more powerful power electronic systems. However, it is amply clear that such
a successful adoption of SiC power devices for a wide range of power electronics
systems relies considerably on establishing the manufacturing technology for
large-diameter high-quality SiC single crystals. This chapter described recent
progress in understanding the dislocation formation processes in PVT-grown SiC
crystals, which is essential for obtaining high-quality SiC crystals.

After a briefintroduction (Section 1.1), Section 1.2 was dedicated to understanding
the BPD nucleation and multiplication processes during the PVT growth of 4H-SiC
crystals. A large number of BPDs are introduced from the shoulder region of the
growth front of 4H-SiC crystals, where a large thermoelastic shear stress is thought
to be imposed during PVT growth. Detailed investigations of the BPD distribution
in grown crystals suggest that BPDs nucleated at the shoulder region of a growing
crystal largely determine the BPD distribution across the entire crystal.

In Section 1.3, the defect structure at the grown-crystal/seed interface of
PVT-grown 4H-SiC crystals was investigated using 4H-SiC wafers with a beveled
interface between the grown crystal and seed crystal. The existence of BPD networks
at the grown-crystal/seed interface was revealed, and they extended considerably
into the seed crystal. Such networks were likely to be caused by a large positive
temperature gradient imposed on the growing crystal surface because of the local
heating by the latent heat dissipation associated with the condensation of Si- and
C-bearing species from the vapor during the initial stage of PVT growth. It was also
revealed by masked-growth experiments that the migration of the BPD networks
deep into the seed crystal was caused by the injection of a large number of vacancies
during the initial stage of PVT growth of 4H-SiC crystals.
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