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1. Introduction

4H-SiC bipolar devices are promising for application with
higher voltages than 1000 V. Because the carrier lifetime is
a very important parameter to control conduction and
switching losses in bipolar devices, various studies for the
carrier lifetime in 4H-SiC have been reported. However,
only a few reports have dealt with the surface recombina-
tion velocity, s, [1,2], although there have been many re-
ports on recombination centers in bulk of 4H-SiC epilayers
[3,4]. Therefore, in this study, we characterize carrier life-
times in free-standing n-type 4H-SiC epilayers and then we
estimate s by comparison with numerical calculations.

2. Experiments

In this study, we employed an n-type 4H-SiC epilayer
(Np=1x10" ¢cm™) grown on a 4H-SiC (0001) Si-face sub-
strate with 4° off angle toward <11 20>. At first, a 150 um
thick epilayer was grown, and then the substrate was com-
pletely removed by polishing. Then we cut the epilayer to
small samples and polished again the substrate side of the
samples. This substrate side polishing was finished with
chemical mechanical polishing (CMP) to reduce polishing
damage, and resulting sample thicknesses were 35, 65, and
120 pm (as-grown-surface samples). On the other hand, we
also prepared samples polished on the epi-growth side with
the CMP finishing, which had thicknesses of 33, 63, and 83
pm (both-side-polished samples). Then we measured carri-
er lifetimes in these samples by the microwave photocon-
ductivity decay (u-PCD) method with excitation light from
266, and 355 nm lasers (photon densities of 2-3x10"> cm™)
and probe microwave of 10 GHz.

3. Results and discussions

Excess carrier decay curves for the as-grown-surface sam-
ples excited by the 355 nm laser are shown in Fig. 1. All
the decay curves show initial slow decay components fol-
lowed by the faster decay components. Such decay beha-
vior indicates that the decays are initially in the high injec-
tion condition and then become in the low injection condi-
tion. For excitation of the epi-growth side (epi-side), the
decays become slow with the sample thickness owing to
reduction of the effect of the recombination at the surface
opposite to the excitation side. On the other hand, for exci-
tation of the substrate side (sub-side), the 65 um and 120
pm samples show the almost same decays, while the 35 pm
thick sample shows relatively fast decay. Figure 2 shows
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excess carrier decay curves for the both-side-polished sam-
ples. These decays also show initial slow and subsequent
faster decay components. The decays become slower with
thickness for both the sides, and the decays for the epi-side
are slightly slow compared with those for the sub-side in
the 63 and 83 pm thick samples.

In order to see the thickness dependence of the carrier
lifetime, we define the 1/e lifetime as the time interval of
the decay from the peak to 1/e, and we plot it as a function
of the sample thickness in Fig. 3 for the as-grown-surface
samples. The 1/e lifetime increases with the sample thick-
ness for both the 266 nm and 355 nm excitation and for
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Fig.1 Excess carrier decay curves for the as-grown-surface
samples excited by the 355 nm laser.
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Fig.2 Excess carrier decay curves for the both-side-polished
samples excited by the 355 nm laser.



both the epi-side and sub-side, except for the sub-side exci-
tation of the 120 um thick sample. Apparently, s of the
sub-side of the 120 um thick sample is exceptionally large,
but the reason for that is not understood. Figure 4 shows
that the 1/e lifetime as a function of the sample thickness
for the both-side-polished samples. For these samples, the
1/e lifetime increases monotonically with thickness, and 1/e
lifetimes for excitation of the epi-side are larger than those
for excitation of the sub-side, especially when the 266 nm
is used. This large 1/e lifetime for the epi-side excitation
indicates smaller s for the epi-side than that for the sub-side
even if both the sides are polished by the CMP. In addition,
the 1/e lifetimes for the epi-side excitation are large in the
both-side-polished samples compared with those in the
as-grown-surface samples. This result suggests that s for
the epi-side becomes smaller after the CMP.
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Fig.3 Thickness dependence of the 1/e lifetime for the
as-grown-surface samples measured with excitation by the
266 and 355 nm lasers.
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Fig.4 Thickness dependence of the 1/e lifetime for the
both-side-polished samples with excitation by the 266 and
355 nm lasers.
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We also estimated s for the both-side-polished sample
by comparison with the numerical model [5]. The results
are shown in Fig. 5, where experimental results with vari-
ous excitation photon densities are plotted and numerical
estimation is illustrated by the lines. The good fit was ob-
tained when s~1000 cm/s for the epi-side and s~2000 cm/s
for the sub-side assuming the bulk lifetime z.,; of 5 us and
the ambipolar diffusion coefficient D, of 4.2 cm?/s.
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Fig.5 Comparison of experimental 1/e lifetimes for the
both-side-polished samples with calculated results assum-
ing 7., of 5 ps and D, of 4.2 cm?/s. S, corresponds to s for
the excited surface.

4. Conclusions

We evaluated carrier lifetimes in free-standing 4H-SiC epi-
layers with various thicknesses. From the experimental
results, we revealed that s is smaller on the epi-side surface
after CMP than on the as-grown surface. We also estimated
s for the both-side CMP-polished samples to be ~1000 cm/s
for the epi-side and ~2000 cm/s for the sub-side by com-
parison with the numerical model.
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