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SiC is a wide band gap semiconductor material with potential applications in harsh environmental con-
ditions. In this work we investigate the effects of neutron irradiation on the properties of two SiC poly-
types. Changes to the optical properties were analyzed using a range of techniques including visible
transmission, infra-red reflectance, Raman spectroscopy and photoluminescence.
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1. Introduction The equilibrium temperature at the irradiation site is estimated
It is well known that SiC is a wide band gap semiconductor
material with excellent potential for electro-optical applications
and devices in harsh environmental conditions such as high tem-
peratures and environments subjected to high levels of irradiation.
In this paper we investigate the effects of neutron irradiation on
the properties of two different polytypes, 4H(hexagonal) and poly-
crystalline 3C(cubic), of SiC. Changes to the optical properties were
analyzed using a range of techniques including infra-red reflec-
tance, visible transmission, Raman spectroscopy and photolumi-
nescence (PL).
2. Experimental details

Neutron irradiation was performed by placing samples in an
experimental nuclear reactor (SAFARI-1) for time periods of 33 s
(series A), 167 s (series B) and 333 s (series C). At the irradiation
position the total neutron flux was 2.34 � 1014 n cm�2 s�1. Of this
13% (3.0 � 1013 n cm�2 s�1) were fast neutrons (E > 0.82 MeV)
and 56% were thermal neutrons (E < 0.625 eV). Assuming that it
is mainly fast neutrons which are responsible for lattice damage
the effective irradiation fluences are 1015 n cm�2 (series A),
5 � 1015 n cm�2 (series B) and 1016 n cm�2 (series C).
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to be around 300 �C. Consequently a limited degree of annealing
can be expected during the longer irradiation periods.

IR reflectance as well as visible transmission measurements
were performed with a Bruker Fourier transform spectrometer, Ra-
man spectra were recorded with a Jobin Yvon instrument using the
488 nm line of an Ar+-ion laser and PL investigations were done
using a HeCd excitation laser at 325 nm (4H) and 442 nm (3C) with
samples cooled to 12 K in a helium cryostat.

3. Results and discussion

3.1. Visible transmission

Series B and C both showed a clearly measurable effect of irra-
diation for all methods of investigation. Analogous to the well
known darkening [1,2], related to the partial amorphization of
SiC after ion-implantation, we also see a marked drop in visible
transmission for series B and C (see Fig. 1). The relative change in
transmission (DT=T) can be related to the induced change in
absorption coefficient by:

Da ¼ �1
d

ln 1� DT
T

� �
; ð1Þ

with d the sample thickness. For both crystal types, series B exhibits
a Da value smoothly increasing from around 4 cm�1 at 14,000 cm�1

to about 7 cm�1 in the blue at 21,000 cm�1. For series C the radia-
tion induced absorption coefficient is roughly doubled. Amorphous
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Fig. 1. Visible transmission spectra for: (a) 4H and (b) polycrystalline 3C SiC before
and after neutron irradiation. The insert shows the extrapolated change in
absorption coefficient.

Fig. 2. Infra-red reflectance spectra for two SiC polytypes ((a) 4H and (b) 3C) before
and after neutron irradiation. The insert shows a detail of the reflection minimum
for 4H where a shift of about 2.5 cm�1 to lower frequency can be seen after
irradiation.

Fig. 3. Raman spectrum of 4H SiC before and after irradiation. The shift of about
3 cm�1 to lower frequency for the LO line is indicated.
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SiC has an absorption coefficient of about 0.6 � 106 cm�1 at
14,000 cm�1 rising to around 1 � 106 cm�1 at 21,000 cm�1. One
can therefore make an order of magnitude estimate of the radia-
tion-induced amorphous fraction in the visible spectrum [2] as
DA � Da=a of about 7 � 10�6 for series B and twice that for series
C. Hence, even an irradiation fluence of 1016 cm�2 produces almost
negligible amorphization.

3.2. Infra-red reflectance and Raman spectroscopy

Both the 4H and 3C samples show an unambiguous drop in the
reststrahlung peak (700–950 cm�1) for series C (see Fig. 2(a) and
(b)) and to a lesser extent also for series B. The effect can be quan-
tified by comparing measurements with modeled values for the
complex dielectric function of SiC [3]:

eðxÞ ¼ e1
x2

LO �x2 þ ixCLO

x2
TO �x2 þ ixCTO

�
x2

p

xðx� iCpÞ

 !
; ð2Þ

where xLO , xTO and xp are phonon and plasmon frequencies
respectively and Cp is the plasmon damping constant. Reflectance
can then be calculated by substitution of the complex index of
refraction, ðn� ikÞ2 ¼ e, into the Fresnel equations [4]. The drop in
the reflectance maximum is mainly due to an increase in the values
of the damping constants CLO and CTO due to lattice damage. As can
be seen in Fig. 2(a) the virgin 4H sample can be quite accurately
modeled by using damping constant values close to that of a perfect
Please cite this article in press as: D.J. Brink et al., Neutron irradiation effects
crystal (CLO ¼ CTO = 5 cm�1) while series C requires a CTO value of
10 cm�1 to match the measured curve. The 4H sample is (uninten-
tionally) n-doped giving a free carrier density of 3.6 � 1018 cm�3,
in SiC, Nucl. Instr. and Meth. B (2009), doi:10.1016/j.nimb.2009.05.029



Fig. 4. PL spectra for 4H SiC before and after neutron irradiation.
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giving a plasmon frequency of xp = 365 cm�1. After neutron irradi-
ation the reflection minimum shifts to a slightly lower value
(Dx = 2.5 cm�1) which corresponds to a free carrier density of
3.4 � 1018 cm�3. The lowered carrier density is presumably the re-
sult of traps related to the formation of lattice defects.

The 3C samples (Fig. 2(b)) show a similar behavior where CTO

increases from 14 cm�1 for the virgin sample to 20 cm�1 for the
series C sample.

Raman spectroscopy (see Fig. 3) confirms the observations for
the 4H samples where the LO-phonon line, which is known to cou-
ple to plasmon oscillations, shifts to a lower frequency when the
free carrier concentration drops. In this case a shift of about
3 cm�1 is observed for the series C sample.

3.3. Photoluminescence

For all the investigations mentioned above (IR reflectance, visi-
ble transmission and Raman spectroscopy) series A exhibits almost
no radiation damage. Only PL (see Fig. 4), which is known to be
very sensitive to lattice damage, shows a substantial drop in signal
for series A as well. This is presumably due to the formation of
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damage-induced deep levels allowing electron–hole recombina-
tion, usually with very little or no visible luminescence.

In 4H the PL spectra consist of a fairly weak excitonic region
containing a series of fairly sharp well defined lines around
380 nm [5] followed by broader peaks due to donor–acceptor pairs
and a very broad continuum extending well into the visible region.
As can be seen in Fig. 4 all three series of neutron irradiated sam-
ples follow this scheme with the whole spectrum systematically
dropping with increased irradiation fluence. Series B is an interest-
ing exception where two relatively strong additional broad lumi-
nescence bands appeared at around 410 nm and 430 nm.

In 3C (not shown) a single fairly weak excitonic line at around
510 nm is observed without a broad continuum and with only a
few weakly resolved other spectral features. For series A the exci-
tonic line is almost completely gone and the samples subjected to
higher irradiation fluences produced no detectable luminescence
at all.

4. Conclusions

The effects of neutron irradiation on two different SiC polytypes
have been investigated. Due to the absence of Coulomb interaction
very large fluences are required to obtain effects which are notice-
able with the usual optical characterization techniques. However
at a fluence of 1016 cm�2 unambiguous evidence of a deterioration
of the crystal quality is seen.

Transmission measurements in the visible range clearly indi-
cate that there is a small but measureable amount of amorphiza-
tion present after irradiation. The infra-red reflectance and
Raman spectroscopy show that the long-range order in the SiC
crystals has been disrupted and that some of the dopant species
have been deactivated, presumably to the formation of point de-
fects acting as traps for free carriers.
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