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Dear Editor,

The world of materials science is a fascinating dimension.
Findings in materials which were first made many years ago
may lead to new frontiers for energy technologies. In these
days of increasingly urgent needs for environmental
progress, it is a pleasure for a materials scientist to explore
materials concepts with potential advances in energy and
environmental, or even biomedical, engineering.

Already in 1907 it was observed that there could be light
emission from an indirect bandgap material namely,
carborundum which is an early name of silicon carbide [1].
This observation is referred to as the first report of a light
emitting diode. Now more than 100 years after, the silicon
carbide is revisited to make a rare earth metal free white
LED for general lighting purpose from new insightful
perspectives regarding materials synthesis and growth
technology implementation [2, 3].

The first observation in 1907 was likely due to common
impurities in silicon carbide which resulted in blue, red,
green and yellow luminescence from various silicon carbide
polytypes. The polytypes have the same chemical
composition, but slight different atomic stacking sequences
which causes different bandgaps and light emission with
different colours in the visible region. The efficiency was
low due to the mixture of polytypes, low material quality and
lack in control of impurities which are known to appear in
the Acheson process [4], the method used at that time to
make silicon carbide for grinding and polishing purposes.

The crystal growth technologies developed with the Lely
and modified Lely processes in 1955 and 1978 [5, 6],
respectively, and the silicon carbide matured as material.
Recently the Fast Sublimation Growth Process (FSGP)
emerged as a method [7] to make thick voluminous layers
needed for fluorescent silicon carbide by a
photoluminescence mechanism. In fact, silicon carbide was
revisited in 1970’ies as a promising light emitting material
[8-10], but the use of electroluminescence in pn-junctions
caused a carrier crowing which made carriers to find non-
radiative recombination paths. In a recent revised view to
explore the light properties, it was shown that
photoluminescence can be used to make an efficient
conversion into visible light using 6H-SiC [11]. Thereby the
materials science research using common dopant materials
nitrogen, boron and aluminum has the potential to make a
pure white light emitting diode [2]. By a balance of donors
and acceptors it is possible to control the ultraviolet to
visible light conversion [12].

Even though the first report of silicon carbide as light
emitting medium was made in 1907, the use of this material
is an emerging research field which combines materials
science and growth technologies, aligned with structural and
optical characterization as well as modeling that further can
clarify the fluorescent materials perspective.

Further on, the beautiful formation of polytypes creates
surprises when the understanding in the silicon carbide
materials steps forward. The common hexagonal polytypes
of 6H-SiC and 4H-SiC have for some time been perspective
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toxicity (i.e. gallium arsenide) or have demonstrated in vivo
chemical environmental reactivity (i.e. silicon and silicates).
The 3C-SiC has a higher biocompatibility compared to
silicon or other SiC polytypes [15].

to create better performance transistor type devices. Carrier
lifetime is one of the key parameters governing the
electronic and optoelectronic devices. The carrier lifetime in
4H-SiC has been intensively investigated in recent years.
Although 4H-SiC exhibits the highest maturity among all
polytypes, the carrier lifetime is still short. The typical
lifetime in as-grown 4H-SiC is around 1 ps under the low
injection level. In comparison, the 3C-SiC is metastable and
does not form to the same extent as the hexagonal
counterparts. Research in this polytype was initiated since
1990’ies. The common approach is to apply silicon as a
substrate, and force the 3C-SiC to form on this using a CVD
process even though the materials system is highly stressed
due to the 20% lattice mismatch and 8% thermal mismatch.
As a consequence, a high density of defects appears and the
carrier lifetimes have been very modest. The values are
ranging from a few to 120 nanoseconds. As an outcome, the
3C-SiC has been lagged behind the hexagonal polytypes.

Fig. 1. Cubic silicon carbide formed on 6H-SiC substrate.

Strikingly, the cubic silicon carbide has now taken a leap
forward. Very recently it was synthesized by a PVT process
on 6H-SiC and with a very high growth rate of 1 mm per
hour (Fig. 1). The lattice mismatch between 3C-SiC and 6H-
SiC is below 0.1% and the thermal mismatch is substantially
reduced. The result is a carrier lifetime of 8.2 pus [12], and
surprisingly this is even higher than in 4H-SiC when
comparing carrier lifetimes in as-grown materials.
Intriguingly, this finding could pave the way for more
efficient solar cells. According to theoretical predictions,
solar cells from 3C-SiC using boron as a dopant should have
efficiencies up to 48-60% [13, 14]. In view of the increasing
research in graphene, this two-dimensional material could
act as contact layer on solar cell silicon carbide. In
perspective due to a lower bandgap than 6H-SiC, the 3C-SiC
could be used as a broad band infrared LED using a similar
co-doping concept (Fig. 2). Also, 3C-SiC has a potential for
bioapplications. Many biomedical devices, especially
devices meant for long-term use, require the need of
materials that are both biocompatible and allow a sensing
perspective. Most semiconductors have demonstrated in vivo

Fig. 2. Luminescence at room temperature from fluorescent silicon carbide
excited by two weak UV-LEDs.

These examples of materials revisited in a new
understanding are inspiring for materials scientists, and bring
materials from being considered as classical materials to be
advanced materials which can contribute to new engineering
technologies. As we know from your journal, there are
plenty of astounding materials from which we can appreciate
the physics and nature with our profession.

With warm regards
Mikael Syvajarvi, PhD
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