Reduction in Al Acceptor Density by Electron Irradiation in Al -Doped 4H-SiC
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The influence of electron irradiation on the hole concentration in Al-doped 4H-SiC is
investigated from Hall-effect measurements. A 10 pm-thick Al-doped 4H-SiC epilayer (Al-
doping density: ~5x10" ¢cm™) on n-type 4H-SiC was cut into a 1x1 cm’ in size. After the
temperature dependence of the hole concentration p(T) was measured by the van der Pauw
method in a magnetic field of 1.4 T, the sample was irradiated by 4.6 MeV electrons with
2.6x10" cm™ fluence. Then, the p(T) in the irradiated sample was measured.

The p(T) was reduced by the electron irradiation in the whole temperature range. From the
Hall-effect analysis, the densities and energy levels of acceptors or hole traps are determined. In
both the samples, ~200 meV and ~370 meV acceptor levels or hole-trap levels are detected.
According to literature, the ~200 meV energy level corresponds to the Al acceptor level in 4H-
SiC, while the origin of the other energy level is unknown. By irradiation, the Al acceptor
density is only reduced from 6.2x10" cm™ to 8.2x10'* ¢cm™. Therefore, it is found that the
reduction in p(T) by the electron irradiation resulted from the decrease of the Al acceptor density.
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The influence of electron irradiation on the hole concentration in Al-doped 4H-SiC is
investigated from Hall-effect measurements. A 10 pm-thick Al-doped 4H-SiC epilayer (Al-
doping density: ~5x10"° ¢cm™) on n-type 4H-SiC was cut into a 1x1 cm” in size. From secondary
ion mass spectroscopy, the concentration of B in this epilayer was estimated to be < 4x10'"* cm™.
Ohmic metal (Al/T1) was deposited on four corners, and then the sample was annealed at 900 °C
in an Ar atmosphere for 1 min. The temperature dependence of the hole concentration p(T) was
measured by the van der Pauw method in the temperature range of 135 K and 580 K and in a
magnetic field of 1.4 T. After the measurement, the sample was irradiated by 4.6 MeV electrons
with 2.6x10" cm™ fluence. Then, the p(T) in the irradiated sample was measured.

Although the radiation damages have been mainly studied from electron paramagnetic resonance
spectroscopy and deep level transient spectroscopy, the densities and energy levels of hole traps
created by irradiation can also be accurately determined using p(T) from free carrier
concentration spectroscopy (FCCS) [1], which is a graphical peak analysis method for
determining these values without any assumption regarding acceptor species and hole traps.

Figure 1 shows two p(T) in the unirradiated and irradiated samples, which are denoted by circles
and diamonds, respectively. The p(T) was reduced by the electron irradiation in the whole
temperature range. From the FCCS analyses [1,2,3], the densities and energy levels of acceptors
or hole traps are determined, which are listed in Table 1. In both the samples, ~200 meV and
~370 meV acceptor levels or hole-trap levels are detected. According to literature [4,5], the ~200
meV energy level corresponds to the Al acceptor level in 4H-SiC, while the origin of the other
energy level is unknown. As is clear from the table, only the Al acceptor density is reduced by
the electron irradiation. Therefore, it is found that the reduction in p(T) by the electron
irradiation resulted from the decrease of the Al acceptor density.
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Fig. 1. Temperature dependences of hole concentration in Al-doped 4H-SiC before and after
electron irradiation.

Table 1 Results obtained from Hall-effect analysis.

Before irradiation

After irradiation

AEx  [meV] 203 206
Nai  [em?] 6.2x10" 8.2x10"
AEx; [meV] 365 383
Na»  [em™] 4.2x10" 3.4x10"
Neomp  [em™] 3.4x10" 7.4x10"




