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oReport summary (English)

Principal investigator: Tohoku University Professor Yuji Matsumoto
R & D title: Innovative Low-Temperature and High-Speed Growth Process
for High-Quality SiC Single Crystal Films

1. Purpose of R & D

The purpose of this project is to establish a new energy-saving growth process for high-quality 4H-
SiC films, which allows to replace the existing Si with single crystal SiC in high-power devices,
accelerating its commercial applications and mass-production. As a result, our new process for high-
quality 4H-SiC films will contribute to realizing a low carbon society, through providing low-energy
loss converters for more efficient energy use in a smart grid system in the near future.

2. Outline of R & D

(1) Contents:

In this study, we aimed at developing a new, innovative thin film fabrication process for SiC, based on
the vapor-liquid-solid (VLS) mechanism, taking the most advantage of potential catalytic effects of
flux on the crystal growth. For this purpose, we designed a test apparatus for VLS thin film fabrication,
applied a high-throughput screening methodology for best flux compositions and developed an in situ
visualization technique of solution growth interfaces. With these all combined, we pursuit a process
in which high-quality 4H-SiC films can be selectively vapor-grown from a low temperature liquid flux,
even at a high-speed growth rate.

(2) Achievements:

In order to investigate and focus on the effects of flux on the crystal growth at a solid-liquid interface
by eliminating as much as possible complex thermal decomposition processes of gas sources in VLS,
we first tested a pulsed laser deposition (PLD)-based VLS system. In addition, a PLD system with
rapid beam deflection by a galvanometer mirror scanner was newly developed for high-throughput
screening of best flux compositions. High-temperature vacuum laser microscope system, which was
also originally developed in this project, was very powerful for in situ observation of SiC solution
growth interfaces at high temperatures such as 1800°C with quantitative analysis of nanoscale step
dynamics for the first time.

A Si-Pt flux, which was one of the fluxes discovered in this project, has made it possible to fabricate
high crystalline, pure 4H-SiC films at the maximum growth rate of ~40 pm/h at 1250°C, with
acceptable electric properties. Furthermore, the Si-Pt flux was found to have a significant “catalytic”
effect on the suppression of surface step-bunching during the growth. On the other hand, highly- p-
type doped carbon-face 4H-SiC films could be successfully obtained by VLS growth with Si-Al flux,
where Al is a typical p-type dopant, but they had been difficult to obtain by conventional vapor
deposition processes including sublimation growth and chemical vapor deposition (CVD).

(3) Future developments:

It should be noted that highly- p-type doped carbon-face 4H-SiC films could be successfully obtained
by VLS growth, and their application as a contact layer in IGBT is expected. The future plans toward
commercial applications of VLS-grown 4H-SiC films as epi-layers and/or thick bulk wafers are as
follows: (1) further reduction of residual carrier concentration originated from impurities; (2) scaling-
up the growth process and increasing the growth rate.



