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HIGHLIGHTS 

 Polycrystalline SiC substrates were implanted with Se ions of 200 keV at RT, 350 °C and 
600 °C. 

 Implantation at RT amorphized SiC while implantation at 350 and 600 °C retained 
crystallinity with defects. 

 The samples were subjected to an isothermal annealing process at 1300 °C, 1350 °C and 
1400 °C up to 80 h. 

 Diffusion of the Se implanted into SiC was only observed in the RT samples. 
 

 

ABSTRACT 

Isothermal annealing studies of selenium-implanted silicon carbide (SiC) were conducted at 

temperatures >1200 oC. Implantation were performed using Se ions of 200 keV to a fluence of 

1×1016 cm-2at room temperature, 350 °C and 600 °C. After implantations, samples were then 

subjected to an isothermal annealing process at 1300 oC, 1350 oC and 1400 oC for 10 hours cycles 

up to 80 hours. The radiation damage in SiC and its morphological change were characterized 

using Raman spectroscopy and scanning electron microscopy (SEM), respectively. The migration 

of implanted Se was monitored by Rutherford backscattering spectrometry (RBS). Implantation at 

RT amorphized SiC while implantation at 350 and 600 oC retained crystallinity with defects. 

Isothermal annealing led to significant recrystallization during the first annealing cycle in all 
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annealing temperatures. The broadening of the Se RBS profile was observed in the RT implanted 

samples only during the first and second annealing cycles at all annealing temperatures. The 

diffusion coefficients at 1300 oC, 1350 oC and 1400 oC were estimated to be 1.4 ×10-20 m2s-1, 2 

×10-20 m2s-1 and 2.5 ×10-20 m2s-1, respectively, which yielded to an activation and pre-exponential 

factor of 2 ×10-22 J and 1.7 ×10-16 m2s-1 respectively. No measurable diffusion of the Se implanted 

into SiC was observed in the isothermally annealed hot implanted samples (at implantation 

temperature of 350 °C and 600 °C) confirming the radiation enhanced migration of Se in the RT 

implanted samples. 

Keywords:  Ion implantation; Polycrystalline SiC; Isothermal annealing; Diffusion 

 

1. INTRODUCTION 

The success of the very high temperature gas cooled reactors (VHTGRs) like a pebble bed modular 

reactor (PBMR) depends greatly on the retainment of fission products. In the PBMR the retainment 

is achieved by coating the fuel kernel. The fuel kernel, which contains the nuclear fuel (UO2) is 

coated with a porous carbon buffer layer, an inner pyrolytic carbon (IPyC) layer, a silicon carbide 

(SiC) layer and (3) an outer pyrolytic carbon (OPyC) layer [1,2].  Of these coating layers, SiC is 

the main barrier of fission products. The coated particle is known as Tristructural isotropic 

(TRISO).  

Some of the VHTGRs have an outlet temperature of 900 °C [3]. Moreover, the TRISO fuel 

particles are exposed to temperatures that exceed 900 °C [4]. SiC has the ability to maintain most 

of its properties at high temperatures of about 1700 °C in vacuum [4,5].  Hence, its function is not 

only a diffusion barrier for fission products, but also provides structural integrity to the coated fuel 

particle. In general, the SiC coating layer of TRISO particles is a structural element that ensures 

the fission products are contained, and thus forms the safety rationale for the nuclear reactor. To 

get more insight into the retainment of different radioactive fission products, the migration 

behavior of fission products in SiC need to be investigated.  

In recent years, the migration of fission products in different polytypes of SiC has been extensively 

studied using ion implantation. In this process, ions are accelerated and made to penetrate a solid 

target, which leads to a change in the surface physical and chemical properties of the material. A 

great number of research studies have been performed by our group at the University of Pretoria. 
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These studies resulted in numerous publications that have reviewed the diffusion of important 

fission products in SiC such as silver, cesium, xenon, krypton, iodine, and strontium [4,6-10]. 79Se 

is one of the hazardous fission products that is found in high-level radioactive waste created by the 

reprocessing of spent nuclear fuel from the operation of nuclear reactors, as well as in spent fuel 

reprocessing facilities [11]. It is a β-emitter, and the unacceptable risks posed by the presence of 

Se is the increased likelihood of inducing cancer [12]. Therefore, its migration in SiC need to be 

investigated. Quite recently the migration behavior of Se in SiC was investigated.  The substrate 

temperature during ion implantation was (RT) [11] and higher temperatures of 350 and 600 oC 

[12] was investigated. In these previous studies the implanted samples were sequentially annealed 

from 1000 oC to 1500 oC in steps of 100 oC for 10 hour. Room temperature implantation formed 

an amorphous upper layer of SiC. Hot implantation retained the crystal structure of SiC, but caused 

some structural changes and radiation damage. In the RT implanted sample, diffusion of Se 

towards the surface began at 1300 °C. No measurable diffusion was observed in the hot implanted 

samples after sequential annealing up to 1500 °C. In the sequential annealing experiments, the 

annealed samples have different amount of radiation damage owing to healing that occurred during 

annealing at lower temperatures. The aim of current study is to obtain information on the role of 

defects/radiation damage in the transport properties of selenium through polycrystalline SiC. For 

this purpose, some polycrystalline SiC samples implanted under the same conditions were 

isothermally annealed at temperatures ≥ 1300 °C. 

 

2. EXPERIMENTAL PROCEDURE  

In this work, polycrystalline SiC wafers obtained from Valley Design Corporation were used. 

These wafers consisted of mainly columnar crystallites, a few micrometers in diameter, well 

aligned along the growth direction, with smaller crystals not parallel to the columns as well [13]. 

SiC wafers were composed of mainly 3C-SiC polytype with some hexagonal polytype (6H-SiC). 

A fluence of 1×1016 cm-2   selenium ions of 200 keV were implanted into the wafers at RT, 350 °C 

and 600 °C under vacuum of about 10-4 Pa. The flux was kept below 1013 cm-2s-1 during 

implantation to minimize radiation induced heating. Ion beam homogeneity over the samples 

surfaces was achieved by the use of 2dimensional beam scanning. The implantations were done at 

the Friedrich-Schiller-University Jena, Germany. To investigate the role of defects/radiation 
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damage in the migration behavior of selenium (Se) implanted into polycrystalline SiC, some of 

the implanted samples were isothermally annealed at 1300 °C, 1350 °C and 1400 °C for 10 h cycles 

up to 80 h under vacuum (10-4 Pa). Annealing was performed using a computer-controlled Webb 

77 graphite furnace. 

The selenium-implanted silicon carbide samples were analysed using Rutherford backscattering 

spectrometry (RBS) after each annealing cycle. The samples were analysed with He+ particles of 1.6 

MeV.  The backscattered particles were detected by silicon surface barrier detector through 165°, 

with a beam current of about 15 nA during the measurements. To achieve high accuracy and reduce 

noise in measurement, 3 repeated measurements were collected for each individual charge of 8 µC 

and the results were averaged. The energy in channel number in the RBS Se profile was converted 

into depth using Ziegler, Biersack and Littmark (ZBL) stopping powers [14], and density of SiC 

(3.21 g cm-3).  Se profiles in the depth scale were fitted to a Gaussian function to obtain the range 

straggling (ΔRp) and projected ranges (Rp) [15]. The surface morphology before and after each 

annealing cycle was monitored by field emission scanning electron microscopy (FEG-SEM) using 

a Zeiss Ultra 55 with an in-lens detector  at 2 kV. The SiC microstructure pre- and post-isothermal 

annealing was examined using a T64000 Raman triple grating spectrometer system (from 

HORIBA scientific) from Jobin Yvon (JY) Technology. Raman measurements were obtained 

using a laser excitation wavelength in the visible region of 514.5 nm. An Olympus microscope 

with a 50 × objective lens was used to focus the light to a spot size of ~2 µm2. 

 

3. RESULTS AND DISCUSSION 

3.1 ROOM TEMPERATURE IMPLANTATION 

Our previous studies showed that Se ions implanted at room temperature lead to the disappearance 

of the signal intensities/features of Raman spectra of pristine SiC, indicating amorphization of 

implanted SiC [11].  In this study, the defects were monitored using the longitudinal optical (LO) 

Raman mode [16]. The measurement of structural recovery and recrystallization was based on the 

change in peak position and full width at half maximum (FWHM) of the LO mode as a function 

of temperature. 
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In the current study, the effect of isothermal treatment on the LO mode of SiC annealed at  

1300 °C, 1350 °C and 1400 °C was investigated. This was done by annealing the implanted 

samples for 10 h cycles up to 80 h (80 h at 1350 °C is not shown here). Fig. 1 shows the LO peak 

intensity as a function of time for RT implanted SiC isothermally annealed at different 

temperatures. As the annealing duration increased, the LO mode became more intense, indicating 

a decrease in defects or damage concentration in the implanted SiC [17,18]. This also indicates an 

increase in the number of scattering molecules irradiated by the incident laser, which means that 

the crystals have grown in size [17,19].  From Fig. 1 it is also evident that the intensity of the 

samples annealed at 1400 °C for 10 h is lower than those of samples annealed at 1300 °C and 1350 

°C for 10 h. This shows that the amount or crystal size distribution is lower in the former due to 

the presence of pores and cavities [20], as will be discussed later in the SEM results. 

The structural evolution of SiC was quantified by calculating the FWHM of the LO mode. Fig. 2 

shows the FWHM of the LO mode as a function of temperature. The FWHM of the sample 

annealed at 1300 °C for 10 h is approximately 12 cm-1, it is then decreased to 11 cm-1 after 

annealing at same temperature for the second annealing cycle (20 h). The narrowing of the FWHM 

is an indication of the recrystallization i.e. the presence of defects of any kind will shorten the 

phonon lifetime and thus broaden the linewidth [17,21]. Therefore, the crystalline material gives 

sharper Raman line than the amorphous material. No significant changes were observed after 

subsequent annealing cycles up to 80 hours. A FWHM of about 11 cm-1 was observed in both 

samples annealed at 1350 °C and 1400 °C for 10 h. This is narrower than that one of 1300 °C 

indicating a higher degree of crystallization. The fact that the structural order improves with 

temperature can be confirmed by low FWHM value of 10 cm-1 at 1400 °C during the final 

annealing cycle (80 h) 
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Fig. 1: The intensity of LO mode of SiC implanted with Se at room temperature as a function of time during isothermal 

annealing at 1300, 1350 and 1400  oC. 

 

 
 

Fig. 2: The FWHM of LO mode of SiC implanted with Se at room temperature as a function of time during isothermal 

annealing at 1300, 1350 and 1400 oC. 

The LO mode position as a function of time after isothermal annealing at different temperatures is 

shown in Fig. 3. In all annealed samples, the first annealing cycle shifted the LO mode to about 

965.4 cm−1, which is at higher wavenumber compared to the pristine SiC LO mode (964.7 cm−1). 

This indicates the presence of the compressive in SiC due to the change in the bond distances 

between the atoms. Shifting to higher wavenumber is usually an indication of decreased length of 
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chemical bonds, relative to their length in the unstressed crystals [22]. This stress resulted from 

the implanted ions causing damage to the crystal lattice [23]. There was no considerable change 

in the LO position during the second annealing cycle (20 h) in the sample annealed at 1300 °C, 

whereas in the samples annealed at 1350 °C and 1400 °C, the LO mode shifted by 0.5 cm-1 to 

higher wavenumbers, indicating greater compressive stress. In all temperatures, the LO mode 

shifted to approximately 966 cm-1 after annealing for 40 h. No further shift was observed in the 

sample annealed at 1300 °C during the final annealing cycle (80 h), while isothermal annealing at 

1350 °C and 1400 °C caused further shift to higher wavenumbers. 

 

 

Fig. 3: The Raman shift of LO mode of SiC implanted with Se at room temperature as a function of time during 

isothermal annealing at 1300, 1350 and 1400 oC. 

The effects of annealing on the surface morphology of the implanted samples were monitored 

using a scanning electron microscopy (SEM). The SEM micrographs of the room temperature 

implanted samples before and after isothermal annealing at 1300, 1350 and 1400 oC are shown in 

Fig. 4, 5 and 6 respectively. The SEM micrographs showed that the surface features are clear and 

more distinguishable at higher annealing temperatures. In Fig. 4 (a), a SEM image of the RT 

implanted sample annealed at 1300 °C for 10 h shows a surface consisting of small crystals and 

regions devoid of features indicating recrystallization. However, the featureless regions suggest 

the presence of defects. No significant morphological changes were observed after subsequent 
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in distinguishable features on the surface with visible crystals as can be seen in Fig. 5 (a). The 

crystals became more prominent with few pores after subsequent annealing cycles (Fig. 5 (b)). The 

SEM micrograph showed more prominent crystals, pores and cavities after annealing at 1400 °C 

for 10 h (Fig.6 (a)) compared to the sample annealed at 1300 oC in Fig. 5 (a). Subsequent annealing 

cycles resulted in slight growth of the surface crystals (Fig. 6 (b)). These SEM observations 

confirm the fact that surface development and the crystals growth are greatly affected by 

temperature. The results are in good agreement with the measured FWHM of Raman spectra (LO 

mode).  

 

 
Fig. 4: SEM micrographs of room temperature selenium implanted SiC surfaces after vacuum annealing at 1300 °C 

for (a) 10 h and (b) 80 h.  
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Fig. 5: SEM micrographs of room temperature selenium implanted SiC surfaces after vacuum annealing at 1350 °C 

for (a) 10 h and (b) 80 h. 

Fig. 6: SEM micrographs of room temperature selenium implanted SiC surfaces after vacuum annealing at 1400 °C 

for (a) 10 h and (b) 80 h. 

The migration behavior of Se implanted into SiC was investigated using Rutherford backscattering 

spectroscopy (RBS). The RBS spectra of samples isothermally annealed at different temperatures 

are shown in Fig. 7. The arrows in Fig. 7 (a) indicate the surface position of Se, Si and C.  The 

squares full width half maximum (FWHM) and the retained ratio of Se as functions of annealing 

time are shown in Fig. 8 and 9, respectively. Annealing the RT implanted sample at 1300 °C for 

10 h caused the Se profile to shift towards the surface (Fig. 7 (a)) accompanied by peak broadening 

and 10% loss of implanted Se from the surface (Fig. 8 and Fig. 9). These observations/results 

indicate that the diffusion of implanted Se was towards the surface. Further annealing at same 

temperature for 20 h resulted in a rather reduced broadening compared to the 10 h annealed sample 

accompanied by a slight loss of implanted Se. No broadening was further observed after 

subsequent annealing cycles up to 80 h at 1300 oC.  In the final cycle (80 h), the loss of implanted 

Se was approximately 20%.   

Annealing the RT sample at 1350 °C for 10 h led to a significant increase in peak broadening, 

compared to that obtained at 1300 °C for 10 h (Fig. 8). This broadening was accompanied by a 

loss of approximately 15%.  A rather reduced width broadening occurred up to the third annealing 

cycle. Whereas, no noticeable broadening occurred during the final annealing cycle (80 h). The 

fact that the measured width remain constant after the third annealing cycle indicates that the 

amorphous state resulting from implantation, which allows selenium diffusion, is no longer 
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present. Therefore, Se only diffused in the highly defective of amorphous SiC. The Se profiles of 

1350 °C have similar broadening as the profiles of the sample isothermal annealed at 1400 °C (Fig. 

8), but significant loss of selenium from the surface is observed after the first annealing cycle (Fig. 

9). In the final cycle (80 h), losses were approximately 25% and 40% at 1350 °C and 1400 °C 

respectively.  
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Fig. 7: RBS spectra of Se implanted into polycrystalline SiC at RT and after isothermal annealing at 1300 °C, 1350 

°C and 1400 °C. 

 

      

 

Fig. 8: Isothermal annealing curves of RT implanted samples at 1300 °C, 1350 °C and 1400 °C. 
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Fig. 9: The ratio of retained Se in  polycrystalline SiC at RT after isothermal annealing at 1300 °C, 1350 °C and 

1400 °C. 

Since the Se peak broadening during the first annealing cycle is due to diffusion of Se in the highly 

defective/amorphous SiC, the diffusion coefficient (𝐷) of Se in highly defective or amorphous SiC 

was estimated from the broadening of the FWHM of selenium profiles after annealing according 

to [24]: 
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Where Wሺ0ሻ and Wሺtሻ are the FWHM of the as-implanted and annealed samples respectively. The 

diffusion coefficients at 1300, 1350 and 1400 °C were found to be 1.4×10-20 m2s-1, 2×10-20 m2s-1 

and 2.5×10-20 m2s-1, respectively. The dependence of diffusion coefficient on temperature is 

generally expressed by the Arrhenius equation as: 

 

ln 𝐷 ൌ െ
𝐸௔
𝑘஻

1
𝑇
൅ ln𝐷௢  

 
Where 𝑘஻ is the Boltzmann's constant, 𝐸௔  is the activation energy, 𝑇 is the annealing temperature 

and 𝐷௢  is pre-exponential factor. The activation energy of selenium diffusion in amorphous silicon 

0 10 20 30 40 50 60 70 80
0.0

0.2

0.4

0.6

0.8

1.0

1.2

Time (h)

 1300 oC

 1350 oC

 1400 oC

R
et

ai
ne

d 
se

le
ni

um
 (

%
)



13 
 

carbide can be determined from the slope of the ln D versus the inverse of the temperature graph. 

𝐸௔ and 𝐷௢ were found to be 2 ×10-22 J/mol and 1.7 ×10-16 m2s-1, respectively. No previous diffusion 

coefficients of Se in SiC were found in literature hence the obtained activation energy and pre-

exponential factor were not compared with any literature values.  

 

3.2 HIGH TEMPERATURE IMPLANTATION 

Implantation of Se ions at 350 oC and 600 oC retained crystallinity of SiC with more defects in the 

350 oC implanted samples compared to 600 °C [11]. The effect of isothermal annealing on the LO 

mode of SiC at 1300 ° C, 1350 °C and 1400 °C was investigated. This was also done by annealing 

the implanted samples for 10 h cycles up to 80 h. Fig. 10 shows the LO intensity as a function of 

annealing temperature in both the hot implanted annealed samples. The intensities were 248.2 and 

329.5 a. u for samples implanted at 350 °C and 600 °C, respectively. Isothermal annealing at 1300 

°C caused general increase in the intensity of LO mode with increasing annealing cycles up 80 h 

in both hot implanted samples indicating the progressive healing of defects. Annealing of 

implanted samples at 1350°C increased the intensity of LO mode during the first annealing cycle. 

Fig. 10 (b) shows that the LO mode of 600 °C is more intense in this cycle as compared to 350 °C. 

For the 350 °C implanted samples, a slight increase in intensity was observed during the second 

annealing cycle and no change was observed for any further annealing cycles up 80 h. No change 

in LO mode intensity of the 600 °C implanted sample was observed after the first annealing cycle. 

Annealing of implanted samples at 1400 °C for 10 h increased the intensity of the LO mode to 

positions close to that of 1350 °C. The intensity increased slightly during subsequent annealing 

cycles up to 80 h in both samples. The overall results demonstrate the intensity increases with time 

up to a value that depends on temperature. This indicates the gradual annealing of defects with 

annealing temperatures and time.  
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Fig. 10: The LO mode intensity of SiC implanted at (a) 350 °C and (b) 600 °C as a function of time during isothermal 

annealing at 1300 °C, 1350 °C and 1400 °C.  

 
Fig. 11 shows the full width at half maximum (FWHM) of the LO mode as a function of 

temperature. The FWHM of LO mode obtained from 350 °C and 600 °C implanted samples are 

12.1 cm-1 and 11.96 cm-1, respectively (not shown in Fig. 11). These values are broader in 

comparison with the virgin sample (9.6 cm-1). In both implanted samples, at all annealing 

temperatures, the FWHM decreased to approximately 11.5 cm-1 during the first annealing cycle as 

can be seen in Fig. 11 (a) and (b). This indicates an increase in the degree of crystallinity. No 

considerable changes were observed after subsequent annealing cycles from 10 h to 80 h.  

 

(a) (b) 
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Fig. 11: The FWHM of LO mode of SiC implanted at (a) 350 °C and (b) 600 °C as a function of time during isothermal 

annealing at 1300 °C, 1350 °C and 1400 °C. 

Fig. 12 shows the LO mode position as a function of time during isothermal annealing at different 

temperatures. In Fig. 12 (a) it is quite evident that the annealing of 350 °C implanted samples at 

1300 °C and 1350 °C resulted in the appearance of the LO mode at approximately 965.5 cm−1 

during the first annealing cycle, slightly higher than the pristine sample (964.7 cm−1. This is 

attributed to the presence of the compressive stress in bonds between atoms as a result of a change 

in atomic distances. Whereas in the 350 °C sample annealed at 1400 °C, the LO mode appeared at 

965 cm−1, suggesting less compressive stress compared to those of 1300 °C and 1350 °C . Only 

slight changes in the LO mode position were observed during the subsequent annealing cycles up 

to 80 h at these temperatures. The shift to higher wavenumbers increased slightly to 966.3 cm-1 

during the final 80 h cycle. In the case of the 600 °C implanted samples, Fig. 12 (b), annealing for 

10 h resulted in the appearance of the LO mode at approximately 965.7 cm−1 at all temperatures. 

No change in LO position was observed during the subsequent annealing cycles up to 80 h. It is 

noticeable that all implanted samples (RT, 350 °C and 600 °C) experience approximately equal 

stress during the first annealing cycle at all temperatures. 

 

 

(a) (b) 
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Fig. 12: The Raman shift of LO mode of SiC implanted with Se at (a) 350 °C and (b) 600 °C as a function of time 

during isothermal annealing at 1300 °C, 1350 °C and 1400 °C.  

SEM micrographs of the 350 °C and 600 °C Se implanted samples are shown in Fig. 13. 

Implantation at 350 °C reduced the polishing marks with grains still visible (Fig. 13 (a)) indicating 

the presence of a crystalline structure. This (350 °C) is approximately the critical temperature at 

which no amorphization in SiC can occur [12,25]. No significant change was observed on the 600 

°C implanted surface (Fig. 13 (b)) compared to the pristine (not shown). This is due to the fact that 

600 oC is well above the critical amorphization temperature. 

 

 
Fig. 13: SEM micrographs of polycrystalline SiC implanted with Se at (a) 350 °C and (b) 600 °C. 

 

 

(a) (b) 
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The isothermal annealing of both hot implanted samples resulted in grains appearing on the 

surfaces. Some opening of grain boundaries were also observed with few open pores on these 

boundaries (see Fig. 14 and Fig. 15). This is due to thermal etching that is more preferred on the 

grai boundaries where they are lose atoms. The influence of different defects in both samples was 

not observed in this study. 

 

 

 

Fig. 14: SEM micrographs of polycrystalline SiC implanted with Se at 350 °C after annealing at (a) 1300 °C, (b) 1350 

°C and (c) 1400 °C for 40 h. 
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Fig. 15: SEM micrographs of polycrystalline SiC implanted with Se at 600 °C after annealing at (a) 1300 °C, (b) 1350 

°C and (c) 1400 °C for 40 h. 

The RBS spectra of the hot implanted samples obtained before and after annealing are shown in 

Fig. 16 and 17. The squares of the FWHM (of Se depth profiles) after isothermal annealing are 

shown in Fig. 18 while the retained ratio as a function of annealing temperature is shown in Fig. 

19. Annealing of the both hot implanted samples at 1300 oC, 1350 oC and 1400 oC for 10 h, resulted 

in some shift of implanted Se towards the surface. This was accompanied by neither broadening 

nor loss of implanted Se indicating lack of diffusion in these samples. Further annealing at the 

same temperatures up to 80 h caused no detectable changes in all temperatures. These results point 

to the initial radiation damage as the driving force of the shift after the 10 h annealing cycles. 

Before, the first annealing cycles, hot implanted samples have more defects compare to the samples 

annealed for 10 h. During the 10 h annealing cycles the initial defects are enough to allow the 

migration or shift of implanted Se towards the surface without diffusion. The samples annealed 

for 10 h have less defects which are not enough for migration of Se to occur during further 

annealing up to 80 h. 
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Annealing of RT samples resulting in a strong diffusion towards the surface accompanied by loss 

after the first annealing cycle at all temperatures and annealing of the both hot implanted samples 

resulting in the shift of implanted Se after the first annealing cycle in all temperatures. This confirm 

the role of radiation damage in the transport properties of implanted Se. The as-implanted RT 

samples are initially highly defective or amorphous while the hot implanted samples have less 

defects. Hence, Se only diffuses in the highly defective SiC in all annealing temperatures in this 

study. In nuclear reactor environment SiC will be exposed to different irradiation including ions 

of energy of about 100 MeV in the presence of He (from nuclear reactions (n,α)) at elevated 

temperatures. Even though the current results are positive for nuclear reactor, to get more insight, 

the role of swift heavy ions and He in the migration of Se will be investigated. 
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Fig. 16: RBS spectra of Se  implanted into polycrystalline SiC at 350 °C and after isothermal annealing at 1300 °C, 

1350 °C and 1400 °C. 
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Fig. 17: RBS spectra of Se  implanted into polycrystalline SiC at 600 °C and after isothermal annealing at 1300 °C, 

1350 °C and 1400 °C. 
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Fig. 18: Isothermal annealing curves of (a) 350 °C   and (b) 600 °C implanted samples at 1300 °C, 1350 °C and 1400 

°C. 
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Fig. 19: The ratio of retained Se in  polycrystalline SiC at (b) 350 °C   and (b) 600 °C after isothermal annealing. 
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samples were 1.4 ×10-20 m2s-1, 2 ×10-20 m2s-1 and 2.5 ×10-20 m2s-1 at 1300 oC, 1350 oC and 1400 

°C, respectively with an activation energy of 2 ×10-22 J and a pre-exponential factor of 1.7 ×10-16 

m2s-1. In comparison, heat treatment of hot implanted samples (350 °C and 600 °C) resulted in no 

measurable diffusion of implanted Se further pointing to radiation enhanced migration of Se. This 

indicates that Se only diffuses in the highly defective of amorphous SiC. The Raman results 

showed a decrease in damage concentration with annealing cycles, as well as the presence of 

compressive stress in the RT implanted SiC. SEM observations confirmed the fact that crystal 

growth and surface morphology development are severely influenced by temperature. The results 

of this study indicate the suitability of polycrystalline SiC as a diffusion barrier for selenium. 
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