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The cubic silicon carbide is the only polytype that can be grown on silicon wafers. This approach reduces the cost as no
SiC substrate is used and only the silicon carbide layer thickness required for the specific application is grown on a
cheaper Si substrate. This technology also offers the potential for faster scale-up with wafer size compared with the
development of larger diameter hexagonal SiC wafers. In principle, with a large reactor, a 300 mm Si wafer can be
obtained using the present process.
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| 1. Introduction

Wide band-gap (WBG) semiconductor devices based on both silicon carbide (SiC) and gallium nitride (GaN) can lead a
revolution in power electronics through its faster switching speeds, lower losses, and higher blocking voltages .
Furthermore, their properties enable higher operating temperatures and increased power densities, but until now the
benefits shown by WBG power electronics have not been fully realized due to the high costs of the material and reliability
challenges.

Silicon carbide is a material presenting different crystalline structures called polytypes [&. To date, only the two hexagonal
structures 4H and 6H-SIC are commercialized, while the cubic form (3C-SiC) is not used until now in power devices
despite the large effort of the last years and several hundreds of papers published for each year. All these polytypes have
similar benefits over silicon such as higher breakdown fields (2—4 MV/cm) and the larger energy band-gap (2.3-3.2 eV).

Both 3C-SiC and GaN can work in the same breakdown voltage range (200-1200 V). 3C-SiC is more appropriate for
high-current applications due to its high thermal conductivity, while GaN better fits in RF applications because of the high
saturated electron velocity. The lower band-gap of 3C-SiC (2.3 eV) in comparison to 4H-SiC (3.28 eV) is often viewed as a
negative aspect with respect to other polytypes. The lower band-gap brings a positive effect because the lowering of the
conduction band minimum causes a reduced density of states at the SiO 2/3C-SiC interface . As a consequence, it has
been demonstrated that the metal oxide semiconductor field effect transistor (MOSFET) on 3C-SiC has the highest
channel mobility (above 300 cm 2/V/s) ever presented on any SiC polytype Bl This produces a large reduction in the
power consumption of power switching devices 2. A remaining challenge in both 3C and 4H-SiC is the electrical activity of
extended defects. It is identified as the major problem for electronic device functionality. The mechanisms of defect
formation must be clarified and the methods for their reduction developed to reach full functionality and high yield [, So
far, the growth of 3C-SiC on silicon has been demonstrated on 150 mm Si wafers &, The process is feasible with up-
scaled reactors on 200 mm or 300 mm wafers.

Another problem to solve concerns the intrinsic stress created during the growth process due to the lattice mismatch
between 3C-SiC (4.36 A) and Si (5.43 A) [, Thermo-elastic stress also appears at the post-deposition cooling due to the
8% difference in the thermal expansion coefficients between these two materials 29, This results in stress which induces
the formation of various planar or extended defects in 3C-SiC. These defects produce a considerable degradation of the
crystalline quality of the epitaxial layer (111,

There are two types of defects in the epitaxial 3C-SiC layers. Anti-phase boundaries (APBs) are planar defects that are
formed at the geometrical separation of two 3C-SiC grains. The grain differs by a 90° rotation in the Si(100) growth plane
12 These are described as anti-phased domains (APDs) that are formed by the steps present on the Si surface. A
second defect type is the stacking fault along the {111} planes. Most research work highlights the intrinsic nature of these
defects and points out that a reduction of their density is possible by increasing the film thickness. The electrical activity of
the extended defects in 3C-SiC is a dominant problem for electronic device performance. Clearly, a reduction of these
defects is essential to improve the yield of power electronic devices 131,



In the last years during the CHALLENGE project 12!, we have been active in developing two different approaches. In the
first one, we have used several structured substrates (compliance substrates) L3187 o reduce the defect density and
stress. This approach maintains the attractive low cost of the silicon substrate material. However, it does not take
advantage of the high heat dissipation of 3C-SiC because it is limited by the low thermal conductivity of silicon. The
second approach of the bulk growth has a higher cost due to the higher cost of the 3C-SiC substrate but allows to take
advantage of the high thermal conductivity of 3C-SiC in the devices. Furthermore, there is an advantage in the device
processing because of the possibility to use the high-temperature processes already developed in 4H-SiC processing
(e.g., epitaxy, ion implantation activation, etc.). The use of Si as a substrate has the main advantage, with respect to 4H-
SiC, of reaching large diameters directly without the long and expensive process of the traditional diameter enlargement.
In addition, the lower band-gap and higher channel mobility of 3C-SiC can produce MOSFET with a lower Ry, with
respect to both Si and 4H-SiC in the breakdown voltage region between 200 and 1200 V B, In previous works L8119 it
was observed that in increasing the grown thickness of the material, the density of SFs can be strongly reduced and this
will produce an overall improvement in the electrical performance of the devices.

The bulk growth of hexagonal 6H and 4H silicon carbide polytypes can be considered mature while the same cannot be
said about the cubic polytype (3C-SiC) [22[21, Different approaches such as the modified PVT (Physical Vapour Transport)
(M-PVT) or continuous-feed PVT (CF-PVT) method have been presented for bulk growth over the last decade [221[23]124]
Only the methods based on the sublimation sandwich implemented by Tairov et al. (23 could allow for the formation of 3C-
Sic 8128 A major drawback for all the mentioned bulk growth processes is the lack of available high-quality seeding
material. One widely investigated approach makes use of hexagonal SiC wafer materials and explores switching to 3C-
SiC. Another promising approach is based on the heteroepitaxial growth of cubic silicon carbide on silicon (3C on Si)
using chemical vapor deposition (CVD). This method faces some challenges caused by the lattice mismatch of
approximately 20% between silicon and 3C-SiC, and the difference in thermal expansion 4. The research in this area
has advanced in major ways over the last years and has been revitalized to use the material as seed for bulk growth
processes 6],

2. New Approaches and Understandings in the Growth of Cubic Silicon
Carbide

In the CHALLENGE project, two main different approaches were used to grow 3C-SiC. From one hand, several
compliance substrates (pillars, SiGe buffer layer, ISP, etc.) were used to reduce both defects and stress. On the other
hand, new bulk growth techniques (PVT or CVD) have been developed to improve the quality of this material. During this
work, a new understanding of the defects in this material (protrusions, APBs, SFs, and point defects), their interactions,
and the effect of the growth process on their formation and reduction have been obtained. This new understanding has
been also helped by the simulation codes developed inside the project (KMCsL, MD, phase field, etc.) and by new
characterization techniques (C-AFM).

From this large study on the growth of 3C-SiC, several conclusions can be reported: The use of the SiGe buffer layer is
interesting and in some cases, some good quality samples can be obtained. The main limitation is that a low-temperature
growth should be used and the Ge segregation at the 3C-SiC/Si interface can produce the formation of polycrystalline
regions. The process window is narrow and thus this process can be difficult to use in a production line. The ISP substrate
produces a fast decrease of the SFs’ density, as reported in the previous papers, but at the same time produces the
formation of APBs that can be detrimental for the leakage current of the devices, as observed by C-AFM measurements.
To decrease the APBs concentration, a very high thickness can be grown or new ISP structures should be realized. The
pillar substrates have demonstrated to be extremely interesting in reducing the stress and bow of the wafer, especially for
(111) substrates. On this kind of substrate, even 25-30 um of the 3C-SiC layer could be grown without cracks and with a
low bow. The main problem of this process is that the 3D growth of 3C-SiC is not easy to control and thick layers are
needed to obtain a continuous substrate. This kind of technology can be interesting in the future when a good 3C-SiC
(111) layer should be realized. During the last years, we developed a carbonization process that decreases the voids
almost to zero at the 3C-SiC/Si interface with a considerable improvement of the material quality and a decrease of the
stress. Even the growth during the temperature ramp (buffer layer) between the carbonization and growth steps has a
large effect on the stress. The main part of the investigation of the last years has been on the study of the evolution of SFs
and APBs, as well as their interactions. The different types of SFs (SF<1>, SF<2>, SF<3>), their generation and
annihilation, and the influence of the PD on these processes have been observed and studied in great detail. Another
aspect that has been studied in detail is the interaction between the APBs and SFs. In fact, APBs can both generate or
annihilate SFs and all these processes have been studied both experimentally and by simulations. It has been observed
that due to this equilibrium between the generation and recombination of SFs, very thick layers are needed to obtain a low
value of SFs that can provide the opportunity to realize a good device on 3C-SiC. The growth conditions (growth



temperature, growth rate, and doping) can influence this equilibrium between generation and annihilation. It seems also
that the different types of SFs have different behaviors during the growth but more investigations on this aspect are
needed. From these studies, it has been understood that the bulk growth of 3C-SiC is needed to obtain a low value of
defects compatible with the realization of power devices. We have developed different kinds of growth techniques (CVD
and PVT) to realize bulk wafers with dimensions compatible with the actual standards (100 and 150 mm) but the main
problem is related to the formation of the protrusions in the first instant of the growth. This 3D defect can grow and cover
the entire surface of the ingot, thus a new process that can eliminate the formation of these defects is needed to obtain a
3C-SiC wafer for the realization of power devices. Another aspect of the 3C-SiC bulk growth that needs further
investigation is the intrinsic stress of this material. In fact, the high level of stress and bow of the wafers are a problem for
the further processing of the 3C-SiC wafers.

Further work should be done to obtain a good material for power devices, but the work performed during this project is a
fundamental step for developing new materials for power devices.
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