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Abstract. Silicon Carbide (SiC) is a wide band gap semiconductor, having opto-electronic properties that
are suitable for many applications. Some structural defects due to crystal growth and/or doping technolo-
gies are commonly present in the substrates of SiC. The (1120)-oriented 4H-SiC bulk wafers are particularly
investigated, due to some advantages with respect to the (0001)-Si face. One of these advantages is a bet-
ter crystal reordering during post-implantation annealing. In this paper cathodoluminescence (CL) and
X-Ray topography measurements have been carried out in order to investigate the optical and structural
properties of commercial (1120) 4H n*-type substrates.

PACS. 61.72.Ff Direct observation of dislocations and other defects (etch pits, decoration, electron mi-
croscopy, x-ray topography, etc.) — 61.72.-y Defects and impurities in crystals; microstructure — 78.60.Hk

Cathodoluminescence, ionoluminescence

1 Introduction

Silicon Carbide (SiC) is a wide band-gap semiconduc-
tor, having opto-electronic properties that are suitable for
many applications, especially high power and high fre-
quency devices. Some structural defects due to crystal
growth, are commonly present in the substrates of SiC.
One of the most important technique to grow this semi-
conductor is the Lely-modified technique [1,2]. A lot of
efforts have been carried out in order to control the for-
mation of structural defects in the modified Lely process
and to investigate the influence of such defects on the elec-
trical properties.

As the impurity diffusivities in SiC are very low,
implantation of dopants is one of the most important
way to produce homojunctions in this material. A post-
implantation annealing is necessary in order to reduce the
implantation damage, aiming at recrystallizing the im-
planted zone, however, other polytype crystals could be
induced. Normally to prevent the formation of polytypes,
implantations are processed at elevated temperatures, but
a low temperature processing is desired in order to reduce
the contamination from ambient.

(1100)-oriented 4H SiC is known to preserve the poly-
type structure of implanted layer due to that the polytype
of the growth crystal in this direction depends on the poly-
type of the seed, but that is not the case of the (0001)-
oriented SiC [3]. Moreover, (1120)-oriented SiC face is
mainly studied today due to fewer negative charges at
the 4H-SiC MOS interface than at the (0001)-oriented 4H-
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SiC face [4], leading to better channel mobilities and lower
threshold voltages measured on planar MOSFET’s [5,6].

2 Experimental setup

For this work a (1120)-oriented 4H-SiC commercial
wafer cut from an (0001)-oriented ingot with both faces
polished, was investigated. Samples are n*-type (5.0
10'® ¢cm~3) with a thickness of 216 pm.

Structural properties of samples were investigated by
X-ray topography technique (XRT). X-ray topographs
were registered in Lang transmission geometry with AgK,,
wavelength.

In order to investigate the optical properties, CL mea-
surements were performed in a Hitachi S-2500 scanning
electron microscope, equipped with a computer controller
Oriel 7720 monochromator and a Hamamatsu R928 pho-
tomultiplier for detection. The spectral resolution was bet-
ter than 1 nm. The microscope is equipped with a tem-
perature controller system that permits CL measurements
from 77 K. Details of the experimental setup for spectral
and panchromatic CL measurements are presented else-
where [7].

3 Results

Figure 1 shows a typical CL spectrum recorded on (1120)-
oriented 4H SiC sample with an accelerating voltage of



232

b —=— Experimental
- Best Fit
g i —O—Peak at 2.3 eV
~ ---- Peakat 2.11 eV
.‘E\ —A—Peak at 1.8 eV
‘e -
O
&
1SS
= .
-
(8]
%k
LoDt o £ m
T T
40 35 30 25 2.0 15

Energy (eV)

Fig. 1. Typical CL spectrum of (11-20)-oriented n*-type SiC.
Deconvolution of the broad band centred around 2 eV shows
three emissions at 2.3 eV, 2.11 eV and 1.8 eV respectively.

25 kV and at 77 K. It is possible to identify three emis-
sions in this spectrum. First one corresponds to band to
band transition centered at 3.28 eV, second one centered
at 3.2 eV corresponding to an excitonic transition and
finally a broad band known as green band (GB) and cen-
tered around 2 eV.

It is clear that in the GB observed in the CL spectrum,
at least three different radiative centers are involved. The
deconvolution of this broad band in Gaussian peaks per-
mit to identify these three components (Figure 1): one
centered at 2.3 eV, one centered at 2.11 eV and another
one centered at 1.8 eV. In Recent studies of CL carried out
in (0001)-oriented 4H n-type SiC samples, it is possible to
observe the emissions centered at 2.3 eV and 2.11 eV but
not the emission centered at 1.8 eV. In a previous work we
have attibuted this last peak to recombination of carriers
at centres associated to dislocations in the basal plane [8].
The corresponding energies at 2.3 eV and 2.11 eV prove
the existence of at least two deep levels that some authors
attribute to boron on carbon sites and/or to complexes in-
volving boron atoms and vacancy clusters [9]. If the beam
is defocused in order to reduce the excitation level, a very
high increment of the luminescence signal is observed ac-
companied with a change in the spectrum as is shown in
Figure 2. Both emissions related to band gap transitions
disappear and only the GB emission is observed with a
very high intensity.

It is clear from Figures 1 and 2 that emission inten-
sities in the sample depend on the excitation conditions.
Different spectra were recorded at different energies of the
electron beam, first with a focused beam and then with a
defocused beam for each accelerating voltage. Integrated
CL intensity signals for focused and defocused beam are
shown in Figure 3. It is clear that in both cases, CL signal
increases when the potential increases but when high ex-
citation conditions are used (high accelerating voltages) a
saturation of radiative centers is observed. It is also pos-
sible to observe in Figure 3, that luminescence depends
on excitation density for the same beam energy. A lower
excitation energy (defocused beam) produces a higher lu-
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Fig. 2. CL spectra recorded at 77 K and with different exci-
tation conditions.
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Fig. 3. CL intensity at 77 K as function of energy of the beam.
A high reduction of intensity is observed when electron energy
is reduced.

minescence: this effect is normally associated to a com-
petitive mechanism between non-radiative and radiative
recombination processes. When the energy of the beam
is reduced this difference between focused and defocused
beam, decreases.

From spectra recorded in the sample, it is clear that
the most important emission is the green band. We have
investigated the evolution of the emissions involved in this
broad band with temperature in order to know if a mod-
ification in the emission rate of the radiative centers is
observed when the temperature change. To do that the
temperature was increased from 80 K to 200 K and the in-
tensity of the different emissions involved in GB were com-
pared (Figure 4). From Figure 4 it is clear that when the
temperature increases the total intensity of GB decreases.
Another result is that when the temperature increases, the
intensity of bands centered at 2.3 eV and 1.8 eV does not
change but the intensity of the emission band centered at
2.11 eV decreases.

After CL investigations X-ray topography measure-
ments were recorded. X-ray topographs show the strain
fields developed around three kinds of structural defects
(Figure 5a). In Figure 5b screw dislocations with Burger
vector (b = ¢ along [0001]) are observed. The density of
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Fig. 4. CL intensities of emissions involved in the broad band
centered around 2 eV as function of the temperature.

Fig. 5. X-ray topographies recorded in (1120)-oriented 4H-SiC
sample. (a) General image, (b) detail of region 1 showing screw
dislocations, (c) detail of region 2 showing perfect or partial
dislocations on the basal plane and (d) low angle boundary.

this type of defects in the sample is around 7x10% cm™2.

In Figure 5c other types of defects are observed,they are in
this case perfect or partial dislocations on the basal plane
(b = 1/3 (1120)) with a density of 9x10% cm~2. And fi-
nally the third type of defects are observed in Figure 5d.
In this case defects correspond to low angle boundaries. It
is always necessary to keep in mind that information from
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Lang transmission geometry comes from an integration of
the entire volume.

4 Conclusions

In conclusion,(1120)-oriented 4H SiC n-type was investi-
gated. CL spectra show three main emissions, the band
gap emission, the exciton related emissions and a broad
band, known as GB, centered around 2 eV and formed
by different components. A study of the behavior of these
three emissions which are involved in the GB with tem-
perature show that only the radiative center with an en-
ergy of 2.11 eV is affected by temperature in the range
of 77-200 K. The other two radiative emissions remain
constant in intensity when temperature increases. It is
observed that CL intensity is higher when excitation in-
tensity is lower. In the case of low excitation density, no
emissions related to band-to-band transitions are observed
and only the GB with a high intensity is observed.

X-ray topography show three different types of defects
in the sample, screw dislocations and perfect or partial
dislocations on basal plane, both with a very high density,
and low angle boundaries.
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