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This work presents some recent results on the 3C—-SiC structural defects, studied by transmission electron
microscopy. The samples were grown in several laboratories, using different methods. There has always been
special attention to the region close to the interface between the seed and the overgrown material. This is due
to the fact that this region is very important to the evolution of defects during growth. The main defects in SiC
are micropipes, double position boundaries, stacking faults and dislocations. The defects that are most frequently
observed in 3C-SiC and more difficult to eliminate are inclusions of other polytypes, twins and microtwins and

mainly stacking faults.

PACS: 68.37.Lp, 68.37.0g, 61.72.Nn, 61.72.Mm

1. Introduction

There are two main uses of silicon carbide (SiC). The
first and oldest is as coating on ferrous substrates for
the production of better cutting tools. The second is as
substrate for the production of high temperature, and/or
high power electronic devices. This is due to some char-
acteristic properties of the material like the wide band
gap [1], the high thermal conductivity (between 3 and
5 W em™ C7! [2]), the high breakdown electric field and
high saturated electron drift velocity. The combination
of these properties makes SiC the best candidate for re-
placing Si in the microelectronic industry when a device
has to work in harsh environment.

Among all polytypes, only one, 3C-SiC, has the cubic
zinc-blende structure and the lowest band gap energy.
3C-SiC keeps a specific interest due to its highest elec-
tron mobility (1000 cm? V=! s7! [2, 3]), highest electron
saturation velocity (2.5 x 107 ecm s7! [2, 3]) and lower
density of traps at the 3C-SiC/SiO, interface. However,
up to now growth of the material in a quality reasonable
for electronic applications, i.e. with low defect density,
is not possible. The purpose of this work is to present
the main defects that appear in 3C-SiC grown by dif-
ferent methods like chemical vapor deposition (CVD),
vapor—liquid—solid mechanism (VLS), and liquid phase
epitaxy (LPE) and their study by transmission electron
microscopy (TEM).

2. Results and discussion

2.1. Structural characteristics
SiC is distinguished by a specific structural character-
istic which is polytypism i.e. a one-dimensional polymor-
phism. Si and C atoms are lying on separated close-
-packed planes. Two such planes (one Si plane and one
C plane) form a Si—C bilayer lying on a {111} crys-
tallographic orientation. All these bilayers are stacked
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one over the other building the material. By this
way, different stacking sequences give rise to different
unit cells and accordingly to different polytypes. The
...ABCABC... sequence leads to a pure cubic struc-
ture (3C-SiC) and the ... ABABAB... sequence leads
to a pure hexagonal one (2H-SiC). There are a lot of
different polytypes, which are more than 200 accord-
ing to international literature. Except for 2H-SiC and
3C-SiC, already mentioned, the most common ones are:
4H-SiC having the sequence ... ABCB..., 6H-SiC hav-
ing the sequence ... ABCACB... and 15R-SiC having
the sequence ... ABCACBCABACABCB.... This spe-
cific structural property is the major reason for the defect
peculiarities of SiC.

2.2. Defects study

2.2.1. Stacking faults

Stacking faults (SFs) are the most frequently observed
defects as well as the most difficult to avoid due to their
very low energy of formation [4-6]. The very low energy
necessary to locally change the stacking sequence in SiC
polytypes results in the enormous structural variety of
them. For example, the SF formation energies in 4H-
and 6H-SiC are measured to be 15 and 3 mJ/m?, re-
spectively, which is significantly lower compared to the
corresponding SF formation energies of Si (55 mJ/m?)
and GaAs (45 mJ/m?) [7, 8]. Additionally, theoretical
calculations show that for 3C—SiC the SF energy has neg-
ative values namely about —3.0 mJ/m?. SFs always lie on
{111} planes and for this reason one has two possibilities
to observe them and calculate their density, according to
the crystallographic orientation of the samples studied
in TEM. Figure la and b shows plane view (PV) images
of 3C-SiC in two different orientations. Figure la has a
(111) orientation and thus only three of the four equiva-
lent {111} planes are observed, while in Fig. 1b, having
an (001) orientation all four {111} planes are present.
2.2.2. Microtwins

Twinning is another kind of defect that is usually ob-

served. Growing 3C-SiC on a close-packed plane (i.e. het-
eroepitaxially on (0001) a-SiC substrates), the first cubic
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Fig. 1. PVTEM micrographs of 3C-SiC having
(a) (111) orientation and (b) (001) orientation.

layer could start in two different orientations. Each one
results from the other by a 60° rotation along [111] which
is the growth direction. If two islands in these two differ-
ent orientations coalescence, immediately a twin bound-
ary (TB) will be formed. An isolated twin boundary
can be formed during crystal growth at high temper-
ature. At lower temperatures after growth twins can
be formed by motion of partial dislocations in adjacent
“basal” planes [9]. For reasons that are not proved, dur-
ing VLS process [10] one of these two orientations is en-
ergetically favorable and has a higher growth rate, cov-
ering the neighboring island and leaving only microtwins
(MT) at the substrate/layer interface (Fig. 2). By this
way, a mechanism of twin elimination is created.

Fig. 2.

(a) Cross-section image of 3C-SiC layer where
MTs, confined at the 3C/6H-SiC interface, are formed
and (b) a high resolution image of a few bilayers thick
such MT.

2.2.3. Inversion domain boundaries

This is a common defect when a polar material is grown
on a non-polar substrate and in the case studied, when
SiC is grown on Si. Figure 3 shows such a case where
the substrate used is (001) Si. In Fig. 3a there is a step
on the substrate with a height of as;/4 along [001] and in
Fig. 3b two adjacent grains are grown, one having on its
first layer Si atoms and the other C atoms. In both cases
a (110) inversion domain boundary (IDB) is formed.

Figure 4a shows two (110) IDBs which are propagat-
ing almost parallel to the [001] growth direction. As it
is seen, the two boundaries progressively bend causing
their mutual annihilation. The high resolution image of
Fig. 4b shows a perfect (110) IDB which in another re-
gion starts to turn resulting in a zig-zag propagation.
The high magnification image of Fig. 4c reveals that the
IDB alternatively lies on {111} planes. By this way the
IDBs firstly lower their energy and secondly two by two
annihilate themselves.

Fig. 3. Geometrical consideration for formation of an
(110) IDB when (a) there is a step at the surface of the
substrate with a height of ag;/4 [001] and (b) two nuclei
are in contact, one of which has Si atoms in the first
layer and the other C atoms.

(110)IDB

—

Fig. 4. (a) Cross-section micrographs where one large
inversion domain is emanating, bounded by two IDBs,
which are almost parallel to the growth direction. As the
film grows, the IDBs progressively bend and finally close
the inversion boundary. (b) High resolution (HR) TEM
micrograph where it is obvious that the initial (110)
IDB starts to turn resulting in a zig-zag propagation
and (c) high magnification image of a thinner area of
the specimen where it is seen that the IDB alternatively
lies on {111} planes.

2.2.4. Inclusions of other polytypes

The last type of frequently observed defects in the
grown 3C-SiC is the inclusions of other polytypes. De-
spite extended research, the driving forces of polytypism
and instability of different polytypes are not yet clearly
understood.

Fig. 5.  HRTEM micrograph showing the mutual alter-
nation of the 6H-SiC and 3C-SiC polytypes in a VLS
layer.

Polytypic transformations usually take place either
during the growth process or later during thermal pro-
cessing. The most often observed are the 6H-SiC ones
which usually appear as a transition layer in the first
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Fig. 6. HRTEM micrographs of (a) 57R-SiC and (b)
72R-SiC.

stages of 3C-SiC grown on 6H-SiC substrates (Fig. 5).
Besides these, inclusions of other, in some cases long pe-
riod, polytypes appear (like 57R—SiC and 72R-SiC shown
in Fig. 6).

3. Conclusions

Conclusively, it was observed that the most stable de-
fects that always appear and most difficult to be elimi-
nated are the stacking faults. By controlling carefully the
growth conditions a substantial reduction of their density
can be achieved but it is almost up to now impossible to
reach the upper limit of 103 cm™', which is necessary for
any device fabrication.
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