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devices under high carrier injection
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A depiction of the N dependence of Auger recombination rate for n-type layers
with film thickness of 150 μm (T-150) and 250 μm (T-250), a p-type sample
with film thickness of 100 μm (P-100), and literature. The dotted line indicates
the slope of fitting, which reveals that Auger recombination is somewhat
inversely related to N. Credit: Masashi Kato from Nagoya Institute of
Technology
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High-voltage and high-power devices are critical for more efficient and
sustainable high-power operations. One candidate for such next-
generation devices is bipolar silicon carbide (SiC). SiC devices have
already found commercial applications, with SiC semiconductor field
effect transistors and Schottky barrier diodes outperforming their silicon
alternatives due to lower on-resistance and higher breakdown voltage.
However, current industrial standard SiC devices are unipolar—they
conduct electricity using only electrons.

Bipolar devices, which use both electrons and holes for electrical
conduction, have lower on-resistance as a rule of thumb. Thus, SiC
bipolar devices are expected to be the next big step in high-power
devices. But, bipolar SiC device efficiency depends on the carrier
lifetime, which is in turn determined by several electron–hole 
recombination processes, namely the Shockley-Read-Hall (SRH),
surface, radiative, and Auger recombination processes.

While the effects of the SRH, surface and radiative processes can be
well predicted and minimized by controlling the surface structure,
polishing, and reducing the number of recombination centers, the factors
leading to Auger recombination have proven more difficult to pinpoint.
Current discussions on the subject suggest that carrier concentration and
recombination traps are dominant forces in Auger recombination.

Recently, researchers from the Department of Electrical and Mechanical
Engineering at the Nagoya Institute of Technology (NITech) have
demystified the effects of carrier concentration and traps on Auger
recombination rate. The research team—consisting of Associate
Professor Masashi Kato, Mr. Kazuhiro Tanaka, and Mr. Keisuke Nagaya
from NITech—used an optical technique called time-resolved free
carrier absorption to measure the excited carrier recombination in 4H-
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SiC. The study has been published in Japanese Journal of Applied
Physics.

"We know that the Auger process is dependent on the donor
concentration under low carrier injection. Conversely, in the high
injection condition, the Auger recombination rate decreases with the
increase in the excited carrier concentration. But while Auger
recombination coefficient has been reported experimentally by a number
of researchers in the literature, it is usually reported as a constant,"
explains Associate Professor Kato.

In this study, the research team observed excited carrier recombination
in 4H-SiC under the high injection condition. As a result they discovered
that the Auger recombination is dependent primarily on the excited
carrier concentration and that the traps have negligible effects.

Speaking on the applications of the research, Associate Professor Kato
says, "In order to create better high-power devices, we need to
understand basic materials properties and optimize device structures.
With our method, we were able to estimate the excited carrier
concentration dependence of Auger recombination. We expect that this
estimated Auger coefficient proves hugely useful in the development of
future SiC bipolar devices with high concentration carrier injection."

  More information: Kazuhiro Tanaka et al, 4H-SiC Auger
recombination coefficient under the high injection condition, Japanese
Journal of Applied Physics (2022). DOI: 10.35848/1347-4065/acaca8
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