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Channel transport limiting mechanismsin 4H-SiC
MOSFETSs. Review and latest developments
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4H-SiC electronics is rapidly emerging as an emapli
technology for energy efficiency in various highltage
power electronics applications. Among the various
devices available, the power MOSFET (metal-oxiaédfi
effect- transistor) is extremely attractive for poveircuit
and system designers. While 4H-SiC DMOSFETs
(double-implanted MOSFET) are now commercially
available from few vendors, the performance andilita

is far from the theoretical potential of SiC. Onktle
critical factors that limit the SiC MOSFET perforne is
the channel resistance. Historically, low electnoobility

in the inversion channel has been the biggest desfar
practical applications of these devices. The poobility
was associated with an extremely high density of
interfacial electron traps (P, spatially located at or near
the SiQ/4H-SIC interface and energetically located near
the conduction band-edge of 4H-SIiC. With the
introduction of post-oxidation nitridation processg],
the DO was substantially reduced and practical
DMOSFETs became a reality. The channel resistamce i
state-of-the-art DMOSFETS, while acceptable forickew
with blocking voltages > ~1000 V, still contributes to
about 50% of the total device on-resistance. With
nitridation, the channel mobility is still only abio5% of
the bulk mobility of 4H-SiC. It is therefore highly
desirable to develop processes for further enhaeneof
the channel mobility for next-generation devices. |
addition, understanding of the transport physicgraater
detail is also imperative.

The channel transport is intricately tied to the
electro-chemical nature of the dielectric-semicandu
interface. In this talk, the focus will be on ldtes
developments with regards to nanoscale passivation
processes using new methods involving nitrogen and
phosphorus as interfacial impurities. It is gergral
accepted that using nitridation, the channel mibili
scales with the P [2] and trapping and Coulomb
scattering are the main transport limiting factirig. 1].
Latest results highlight that the scaling may na& b
universal [Fig.1.]. Other mechanisms such as the
transverse electric field induced surface roughness
scattering may be playing an increasingly importaé
for devices with a reasonably low;3]. Transport
limitation as a consequence of surface roughness
scattering and the presence of a possible tranditiger
between SiC and the oxide [REF] will be discussed i
detail. Key differences between the nitrogen and
Phosphorus passivated devices will be pointed rotiis
context. The limitation of interfacial nitrogen’bifity to
enhance the mobility any further will also be dssed in
the light of recent results obtained using a plas@sed
nitrogen passivation process. In addition, stabibind
reliability concerns with these novel interfaced| also
be discussed in detail.
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Figure 1. Maximum field-effect mobility as a furmti of
total number of interface traps between 0.2 and&¥6
from the conduction band-edge of 4H-SiC. The rets do
correspond to different devices with varying amouoft
the interfacial nitrogen. A qualitative scaling cée
observed between mobility and interface traps. dtadata
indicated by the star symbols obtained on MOSFETs
fabricated on the conventional (0001) Si-face dmedrton-
polar (11-20) a-face using new interface passivatio
schemes involving Phosphorus and Nitrogen inditizdé
the scaling is not universal. This strongly suggebtt
trapping and Coulomb scattering are no longer the
dominant channel transport limiting mechanisms ki 4
SiC MOSFETSs.



