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-High-speed preparation of cubic silicon carbide films by laser chemical vapor deposition-

From 4% October to 29t December 2016, I
worked as a visiting professor in the Institute of
Materials Research (IMR), Tohoku University
collaborating with Professor Takashi Goto. I
already had an experience to stay at IMR for
three years during early year of 1992 to 1995.

During this visit, I have been focusing my
research on the preparation of 3C-SiC (cubic
silicon carbide) which are synthesized by laser
chemical vapor deposition (LCVD) method. The
investigation was pointed out ultra-fast
fabrication of  oriented 3C-SiC, and
characterization of the microstructure and

orientation after experiment by using the
advanced apparatus of IMR of Tohoku
University.

3C-SiC is a promising semiconductor for harsh
environments owing to high electron mobility
(~800 cm? V! s!) and saturated drift velocity
(~2.5% 107 cm s!) with excellent refractoriness
and irradiation resistance. It also has great
potential as substrate for the growth of AIN and
GaN epitaxial layers due to smaller lattice
mismatch and closer thermal expansion
compared with sapphire and Si. Moreover, -SiC
is a candidate platform for growth of graphene
leading to highly conductive electrode for various
semiconductor and  microelectromechanical
devices.

<111>-B-SiC epilayers were prepared on
<0001>-0(4H)-SiC by laser chemical vapor
deposition at temperatures of 1390-1505 K. Non-
explosive  and  non-corrosive  precursor
(Hexamethyldisilane, HMDS, Si(CH;);-
Si(CH;);) was used in non-H, (Ar) atmosphere.
The B-SiC films grew epitaxially with in-plane
orientation relationship of B-SiC [-202] // a(4H)-
SiC [1000] and B-SiC [02-2] // a(4H)-SiC [0100].
The deposition rates of the B-SiC films were 31-
261 pum h'!', which were significantly higher than
those of conventional CVDs.
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Fig.1. XRD results for epitaxial p-SiC film. (a) 6-
20 diffraction pattern, (b) pole figure.

The 6-20 diffraction pattern of B-SiC film
prepared at laser power (P ) = 140 W and total
pressure (P,,) = 400 Pa is shown in Fig. 1(a). Only
(111) and (222) peaks at 20 = 35.6° and 75.5°
were identified. (220) poles of B-SiC film and
(1000) poles of a(4H)-SiC substrate are shown in
Fig. 1(b). The 6-fold symmetry patterns at the
same elevation angle of o = 54.7° indicates the
in-plane orientation of the B-SiC film and a(4H)-
SiC substrate with the relationship of f-SiC [-202]
/I a(4H)-SiC [1000] and B-SiC [02-2] // a(4H)-SiC
[0100].



Cross-sectional TEM image of the interface of
B-SiC film and a(4H)-SiC substrate (Fig. 2) was
used in conjunction with diffraction pattern to
characterize the microstructure of the epilayer
and the epilayer/substrate interface. The
diffraction pattern from the B-SiC epilayer along
the zone axis <-101> is shown in the left-bottom
corner of Fig. 2(a). The pattern from the o(4H)-
SiC substrate along the zone axis <1000> in the
right-top. According to these patterns, the -SiC
[-202] is parallel to the a(4H)-SiC [1000], and the
B-SiC [111] is parallel to the a(4H)-SiC [0001].
This observation accords with the pole figure
analysis. Few defects were observed in the cross-
sectional image that is in strong contrast with
films grown on Si substrate. Fig. 2(b) is the

magnified image of the yellow square in Fig. 2(a).

A transitional layer with thickness of ~2 nm can
be observed, which is much thinner than these in
sublimation epitaxy technique (~ 500 nm) and
VLS method (~ 25 nm).

- .

zone axis <1000z

Fig.2. (a) Cross-sectional TEM image of B-
SiC/a(4H)-SiC interface, and (b) the magnified
image. Scale bar represents 5 nm.

Fig. 3 shows Ry, in the Arrhenius format, and is
compared with the results presented in literatures.
The Ry, increased with increasing Ty, and P.
The highest Ry, of B-SiC epilayer was 261 um h™!
at Ty, = 1480 K and P, = 600 Pa (P, = 160 W).
These deposition rates are 6 to 26 times greater
than those of non-halide CVD, and even visibly
greater than those of halide CVD. The most
significant observation is that the B-SiC epilayers
were deposited at relatively lower temperatures
(1390-1505 K).
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Fig.3. Comparison of laser CVD and other
methods in deposition rates and deposition
temperatures of B-SiC thin films.

®80 mm-diameter, highly <110>-oriented
polycrystalline B-SiC wafers were also ultra-fast
fabricated using tetrachlorosilane (SiCl,) and
methane (CH,) as precursors. The effects of
deposition temperature (7g.,) and total pressure
(P on the orientations, microstructures and
deposition rate (Rg,) Wwere investigated. Rge,
dramatically increased with increasing Ty, where
maximum Ry, was 930 pum-h'! at Ty, = 1823 K
and P,,= 4 kPa, leading to a maximum of 1.9 mm
in thickness in 2 hours deposition. The <110>-
oriented B-SiC was obtained at Ty, > 1773 K and
P, = 1-4 kPa.

Fig. 4 shows the typical XRD patterns of the 3-
SiC films with different orientations. The



orientation changed from <111> to random to
<110> with increasing Ty, and Py At Ty, =
1473 K and P, = 4 kPa (Fig. 4(a)), the B-SiC
films exhibited highly <111> orientation. At T,
= 1573 K, P = 40 kPa (Fig. 4(b)), B-SiC films
showed <111> orientation, accompany with
weak <311> peaks. At Ty,,= 1673 K and P, =
10 kPa (Fig. 4(c)), B-SiC films showed random
orientation, appearing <200>, <311> and <222>
peaks. At Ty, = 1773 K, P, = 4 kPa (Fig. 2(d))
and Ty, = 1823 K, P, = 4 kPa (Fig. 2(¢)), B-SiC
films showed only {220} peaks, indicating
highly <110> orientation.
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Fig.4. XRD patterns of the 3-SiC films prepared
at (a) Tyep= 1473 K, Py =4 kPa (b) Ty, = 1573
K, P, =40 kPa (¢) Ty, = 1673 K, P, = 10 kPa
(d) T4ep= 1773 K, P= 4 kPa (¢) T4, = 1823 K,
P, =1 kPa.

Fig. 5(a) and (d) demonstrate the surface
morphology of the as-deposited <111>-oriented
and <110>-oriented B-SiC films, respectively.
The pyramid-shaped B-SiC crystals (Fig. 5(a))
with  <l11>-orientation exhibited six-fold
symmetry, which is a typical morphology in fcc
films?!> 22 exhibiting a six-fold azimuthal
symmetry (Fig. 5(b)) despite the fcc (111) is
three-fold symmetric in theory. The six-fold
symmetric pattern may be caused by inverse

domain (twins), leading six-fold pyramid-shaped 3-
SiC crystal (Fig. 5(c)). Pentagonal SiC grains (Fig.
5(d)) with five-fold symmetry was found on film
surface deposited at a relatively high Ty, = 1823 K.
The generation mechanism of the five-fold twin
center is illustrated as the atomic nodes of Fig. 5(e).
Fig. 5(f) depicts a growth model for a pentagonal
crystal. The five twin reentrant corners grow
quickly, forming a star-shaped structure.

Fig.5. Surface morphology of 3-SiC films prepared
at Ty, =1773 K, P = 40 kPa (a), Ty, =1823 K, Py,
= 4 kPa (d). Illustration of generation model of
hexagonal (b, c¢) and pentagonal (e, f) structure.

During the three months of collaboration with Prof.
T.Goto and staff members, we have done some
valuable explorations to synthesize some novel 3C-
SiC by using the advanced apparatus in IMR.
These materials have a great potential for
semiconductor applications. I would like to express
my sincere gratitude to Prof. T. Goto for the
invitation to IMR of Tohoku University. I also
extend many thanks to Prof. T. Goto for his many
helps with the administrative paper work and very
useful daily life advices.

Thank you all again and “Sayonara Kinken”
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