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Suppression of Macrostep Formation Using Damage Relaxation Process
in Implanted SiC Wafer
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Abstract

High power and high dose ion implantation is essentially needed to make power MOSFET devices
based on SiC wafers, because the diffusivities of the impurities such as Al, N, P, B in SiC crystal are
very low. In addition, it is needed high temperature annealing for electrical activation of the implanted
species. Due to the very high annealing temperature, the surface morphology after electrical activation
annealing becomes very rough. We have found the different surface morphologies between implanted
and unimplanted region. The unimplanted region showed smoother surface morphology. It implies that
the damage induced by high energy ion implantation affects the roughening mechanism. Some parts of
Si-C bonding are broken in the damaged layer, so the surface migration and sublimation become easy.
Therefore the macrostep formation will be promoted. N-type 4H-SiC wafers, which were Al ion
implanted at acceleration energy ranged from 30keV to 360keV, were activated at 1600C for 30min.
The pre-activation annealing for damage relaxation was performed at 1100-1500C for 30min. The
surface morphologies of pre-activation annealed and activation annealed were characterized by atomic
force microscopy(AFM).
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Fig. 1. Schematic diagram of macrostep.
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Table 1. Implant energy and dose.

Energy
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Fig. 2. TRIM simulation of Al ion implantation.
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Table 2. Annealing condition of samples.

A #1 #2 #3 #4 #5
PAA |1100C | 1200°C {1300C [ 1400°C | 1500C
AA 1600C
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Fig. 1. The cross sections of the conventional
LTIGBT, LTIGBT with p+ diverter and the
proposed LTEIGBT with p+ diverter (a) The
conventional LTIGBT (b) The conventional
LTIGBT with pt+ diverter (c) The proposed
LTEIGBT with p+ diverter
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Fig. 2. The forward conduction characteristics of
the conventional LTIGBT, LTIGBT with
p+ diverter and the proposed LTEIGBT
with p+ diverter
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Fig. 3. The forward blocking characteristics of
the conventional LTIGBT, LTIGBT with
p+ diverter and the proposed LTEIGBT
with p+ diverter
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