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Abstract 

Point defects in n- and p-type 4H-SiC grown by fluorinated chemical vapor deposition (CVD) have been 

characterized optically by photoluminescence (PL) and electrically by deep-level transient spectroscopy (DLTS) 

and minority carrier transient spectroscopy (MCTS). The results are considered in comparison with defects 

observed in non-fluorinated CVD growth (e.g., using SiH4 instead of SiF4 as silicon precursor), in order to 

investigate whether specific fluorine-related defects form during the fluorinated CVD growth, which might 

prohibit the use of fluorinated chemistry for device-manufacturing purposes. Several new peaks identifying new 

defects appear in the PL of fluorinated-grown samples, which are not commonly observed neither in other 

halogenated chemistries, nor in the standard CVD chemistry using silane (SiH4). However, further investigation 

is needed in order to determine their origin and whether they are related to incorporation of F in the SiC lattice, 

or not. The electric characterization does not find any new electrically-active defects that can be related to F 

incorporation. Thus, we find no point defects prohibiting the use of fluorinated chemistry for device-making 

purposes. 
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1. Introduction 

4H-SiC is a wide indirect bandgap semiconductor of interest for electronic power devices such as unipolar 

MOSFETs or insulated gate bipolar transistors (IGBTs) [1]. In these and other applications, the chemical vapor 

deposition (CVD) is the most common technique to grow the material for the active layers. Apart from the 

traditional CVD growth of SiC using ethylene (C2H4) and silane (SiH4) as carbon and silicon precursors, 

respectively, the use of chlorine in a SiC CVD process has been found beneficial since chlorine binds stronger to 

Si than Si to another Si (Si-Cl binding energy is 417 kJ/mol compared to Si-Si, 310 kJ/mol [2]). Therefore, the 

presence of Cl inhibits the homogenous nucleation of Si in the gas phase and strongly reduces the probability of 

formation of Si droplets during growth. Also, high growth rates exceeding 100 µm/hour have been demonstrated 

with chlorinated CVD growth [3]. Fluorine is another halogen which forms even stronger than Cl bond to Si (Si-

F binding energy is 576 kJ/mol [2]). Therefore, the fluorinated chemistry is expected to provide advantages 

similar to the chlorinated one. Due to its high electronegativity, F forms also strong bonds to other elements (e.g., 

F-Br, F-Ti). This circumstance can potentially alter the unintentional incorporation of foreign elements in the SiC 

lattice by binding them to F in the gas phase, before they are incorporated into the epitaxial layer. Due to the 

strong bonding, however, F itself can be adsorbed on the surface via fluorinated growth species and potentially 

incorporate into the growing layer [4]. Considering the chlorinated growth, it has been shown by means of 

secondary-ion mass spectrometry (SIMS) that Cl incorporates into the grown epilayers in concentration of 

~1×1014 cm-3. This is however uncertain since the measured value is close to the detection limit [5]. Following 

this finding, several publications have investigated the possibility of appearance of Cl-related defects or defect 

complexes in the epitaxial layers [6-9]. However, while ab initio calculations have predicted several defect 

configurations, such as ClC – VSi complexes, Cli interstitials or ClC substitutional defects to be possible, none of 

these defects has ever been clearly demonstrated experimentally [9].  

The incorporation of F and other atomic species in SiC grown using fluorinated chemistry has not been studied 

so far. Intrinsic defects specific to the growth chemistry also may form during growth. Some of the intrinsic and 

extrinsic defects may be electrically active and have undesired influence on the device performance, because they 

may trap charge carriers or provide unwanted recombination channels. Therefore, it is necessary to analyze and 
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understand which point defects are present in the as-grown epitaxial layers. In all chemistries, the defect formation 

is influenced by the various growth parameters. Thus, tuning the parameters may be used as a means of controlling 

the formation of undesired defects, at least to some extent.  

As a first step towards better understanding of the defect formation in fluorinated CVD growth, in this work we 

investigate the photoluminescence (PL) and deep level transient spectroscopy (DLTS) of the samples grown 

under different conditions using fluorinated chemistry. Both n- and p-type samples are investigated from point 

of view of possibility to dope (n- and p-type) during fluorinated growth, as well as formation of intrinsic and 

extrinsic defects in the epitaxial layers. The results are considered in comparison with those obtained from 

epitaxial layers grown by other chemistries. 

2. Methods 

Growth. A horizontal hot wall chemical vapor deposition system was used for the growth of both n- and p-type 

doped SiC epitaxial layers. The growth chamber was a graphite susceptor coated with SiC. No rotation of the 

substrates was available using this susceptor. The growth was performed on substrates of size 16 mm × 16 mm. 

Standard 4H-SiC substrates with 4° off-cut angle towards [112�0] were used, with a constant position in the 

susceptor during growth. 

CH4 and SiF4 were used as C and Si precursors, respectively. The latter was also the source of F in the growth 

chamber. The n- and p-type doping was implemented using during growth controlled flow of N2 and 

trimethylaluminum (TMAl) for N (n-type) and Al (p-type) doping, respectively. H2 purified using palladium 

membrane was used as carrier gas. The concentration of SiF4 in H2 was 0.125 %, thus Si/H2 = 0.125 %. The 

samples were grown at process temperature of 1600 °C and process pressure of 100 mbar with the samples 

positioned ~6 cm inside the susceptor. 

The dopant precursor concentrations were varied in the range 0.1 to 10 for the N2/Si ratio and 10-5 to 10-2 for the 

Al/Si ratio using C/Si = 1. Also, one additional experiment using N2/Si = 100 was performed. In this latter 

experiment the amount of H2 carrier gas was reduced to compensate for the high flow of N2. This resulted in 
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Si/H2 = 0.144 % (instead of Si/H2 = 0.125 %). However, the C/Si ratio and the process pressure and temperature 

were maintained the same as for the rest of the runs. 

The C/Si ratio was varied in the range 0.4 to 1.2 in steps of 0.2, while the dopant-to-silicon ratios were N2/Si = 1 

for N-doped samples and Al/Si = 10-4 for Al-doped samples. 

The growth time for the nitrogen doped (n-type) samples were 0.5 h and 2.0 h for the aluminum doped (p-type) 

samples. This resulted in thicknesses of the epitaxial layers between 4 and 5 µm for the n-type samples, and about 

16 – 20 µm for the p-type samples. The growth rate increases with the C/Si ratio approximately linearly from 8 

µm/hour at C/Si = 0.4 to 10 µm/hour at C/Si = 1.2. 

Growth of thicker layers was also attempted. One additional sample grown at temperature of 1650 °C, pressure 

100 mbar, Si/H2 = 0.25% and C/Si = 0.5. In this case, ethylene (C2H4) was used as carbon precursor. The sample 

was grown for 5 hours using N2 as a dopant with ratio of N2/Si = 0.15. This particular sample has a thickness of 

~100 µm.  

Photoluminescence (PL). The photoluminescence of the samples was measured using 244 nm excitation from a 

frequency-doubled Ar ion laser. The detection part consists of a Jobin-Yvon monochromator (HR460) equipped 

with a grating of 2400 g/mm and a CCD camera. This results in a spectral resolution of ~ 0.5 Å (full width at half 

maximum, FWHM). The samples were kept in a He bath cryostat at a temperature of 2K. 

Deep level transient spectroscopy (DLTS) and Minority Carrier Transient Spectroscopy (MCTS). Schottky 

contacts of 1.2 mm diameter are deposited by thermal evaporation of Ni (100 nm thickness). Silver paste on the 

highly conductive substrate provided the Ohmic contacts. The capacitance transients were measured in the 

temperature range 77 – 600 K, using a reverse bias of -10 V and a superimposed 10 V filling pulse (up to a total 

of 0 V) of 1 ms to 10 ms duration. GS4 correlation function was used to calculate the spectra. [10] 

3. Results and Discussion 
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We consider first the doping experiments which aim at obtaining 4H-SiC epilayers of n- and p-type with different 

controllable doping concentrations. The donor and acceptor doping concentrations of the various samples are 

assessed by C-V measurements, which indicate that in both cases (donors / acceptors) the doping concentration 

is approximately proportional to the corresponding gas flow of the dopant carrier (N2 for n-type doping, and 

TMAl for p-type). For N-doped uncompensated samples (with negligible acceptor concentration), and if the the 

donor doping concentration is below ~2×1016cm-3, the concentration can be estimated also from the PL spectra 

[11]. 

3.1 Photoluminescence  

Let us consider now the low-temperature photoluminescence spectra of the n-type samples (nitrogen-doped). Fig. 

1(a) shows the PL spectra in the near-band gap region of the samples N-doped to different concentrations, grown 

with C/Si = 1.0. The spectra exhibit the usual no-phonon lines of the nitrogen-bound exciton (N-BE) denoted by 

P0 and Q0, as well as the phonon replicas Pxx (mainly of the P0 line). In addition, the prominent phonon replicas 

of the free-exciton emission, whenever observable, are denoted with the symbols Ixx. In both cases of free- and 

bound-exciton replicas, the subscript ‘xx’ denotes the approximate phonon energy (in meV) of the phonon 

involved in the phonon-assisted recombination [12]. The appearance of two no-phonon lines for the N-BE instead 

of one is due to the existence of two inequivalent lattice sites within the 4H-SiC unit cell. Therefore, N donors 

occupying the one or the other inequivalent carbon site have quite different properties, in particular, different 

ionization energies and exciton binding energies, giving rise to two distinct no-phonon lines in the PL spectrum 

[13]. On the other hand, the ionization energy of the N donor at the so-called hexagonal lattice site (the other 

inequivalent one is called “cubic”) has approximately two times lower ionization energy than the N donor at 

cubic site [13], which leads to ~2 times lower exciton binding energy for the former one, in accord with Haynes 

rule [14]. Therefore, the N-bound exciton at the hexagonal site, which is much more similar to the free exciton 

than the N-bound exciton at cubic site, exhibits weak no-phonon line (the free-exciton no-phonon line is forbidden 

by moment conservation law in indirect semiconductors) and strong phonon replicas (which are the only allowed 

radiative recombination paths if free-exciton recombination is considered). Thus, the N-BE at hexagonal site is 

responsible for the appearance of the weaker no-phonon P0 line in the spectra and its significantly stronger phonon 
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replicas. Conversely, the more strongly bound N-BE at cubic site is responsible for the appearance of the 

substantially stronger no-phonon Q0 line, but its phonon replicas are negligible.  

 

Fig. 1. Normalized low-temperature PL spectra (at T = 2K) of the samples grown using different growth 

parameters. (a) n-type, varying N2/Si and fixed C/Si = 1. (b) Different C/Si ratios at fixed N2/Si = 1. (c) p-type, 

different Al/Si ratios at fixed C/Si = 1. (d) Fixed Al/Si = 10-4, but varying C/Si. The corresponding parameter 

changes are denoted for each curve, together with the doping concentration estimated by C-V measurements (in 

cm-3). The major no-phonon lines and their replicas are also denoted (see text). The insert in part (c) displays an 

overview of the defect represented by the A and B lines as discussed in text. 
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For the lowest-doped samples (the two bottom curves in Fig. 1(a) ) the free-exciton replica I76, which is strongest 

in intensity, can be recognized and used for estimation of the N-doping concentration by the method of Ref. [11]. 

Thus, for the sample with N2/Si = 0.1 we obtain N-donor concentration [N] = 4×1014 cm-3, whereas for the sample 

with N2/Si = 1 we estimate [N] ≈ 8×1015 cm-3. These values are in excellent agreement with the values of ND – 

NA = 4×1014 cm-3 and 6.5×1015 cm-3, respectively, obtained for the same samples using C-V measurements. Here 

ND  ≡ [N] denotes the donor concentration, and NA – the acceptor concentration. This agreement between the 

donor concentrations estimated using the PL spectra (which yields ND) and the C-V measurements (which yields 

ND – NA) suggests that the acceptor concentration is negligible, within the error margin of both methods. We 

notice also that no new lines which might be associated with F incorporation in the epilayers can be distinguished 

in this region of the spectra. In other words, the spectra are similar to those observed from epitaxial layers grown 

using the traditional CVD growth (without presence of halogen elements). 

We notice two additional features observable in the spectra in Fig. 1(a). Firstly, the spectrum of the lowest-doped 

sample (the bottom curve) exhibits significant contribution from broad-band background emission. This is due to 

(and commonly observed for) highly doped substrates. This background emission abruptly vanishes as the N-

doping level increases, and it is not observable at all in the highly-doped samples (N2/Si = 10, and 100). Since 

the thickness of these samples is the same (~5 µm), we consider this feature as an evidence of decreasing free 

path for the free exciton with increasing doping concentration. Indeed, the free-exciton free path is limited by 

impurities which can capture (and bind) the free excitons generated by the exciting light. With 244 nm excitation, 

the excitons are created within approximately one micrometer from the top surface of the sample. They diffuse 

further or closer from the surface depending on the concentration of capturing impurities (mostly donors in the 

case considered). Thus, at low doping concentrations in the epitaxial layer, the excitons may reach the substrate, 

be captured and recombine there, which is equivalent to indirect excitation of the substrate emission. Thus, the 

broad-band emission from the substrate in the low-doped layers may serve as an evidence that there are no other 

exciton-capturing centers in significant concentrations (apart from the intentionally introduced donors) which 

may serve as radiative or non-radiative inhibitors of the exciton-related luminescence. It is worth noting that 

substrate emission with 244 nm excitation can be observed in undoped epitaxial layers with thickness even 
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exceeding 50 µm, according to our own experience, which suggests free-exciton free path of the order of few 

tens of micrometers in undoped samples with low concentration of exciton-capturing defects. 

The second above-mentioned feature concerns the asymmetric broadening of the Q0 and P0 N-BE no-phonon 

lines at the highest doping level ([N] ≈ 5×1017 cm-3, N2/Si = 100, the top spectrum in Fig. 1(a)). This broadening 

is associated not with deteriorated crystalline quality but with the high doping level and is typically observed for 

highly-doped 4H-SiC samples. The effect can be qualitatively understood if one assumes that at high donor 

concentrations the wave function of an exciton bound to a certain donor will overlap with other donors in the 

neighborhood. The bound-exciton energy decreases by the energy of interaction with the neighboring donors, 

which is reflected in emission of photons with slightly lower energies, leading to broadening of the exciton-

related emission lines towards lower photon energies. Another effect can also be envisaged, namely, due to the 

overlap the exciton bound to a certain donor has finite probability of hopping to another donor in the 

neighborhood. This hopping migration should be much more pronounced for the excitons bound at the shallower 

N donor at hexagonal site (responsible for the P0 line and its replicas) than at the donor at cubic site, due to the 

more extended exciton wave function associated with the weaker binding, as discussed above. Thus, at high 

doping concentrations, an exciton initially bound to the N donor at hexagonal site may migrate and be captured 

at another N donor at cubic site. The reverse process (migration away from a cubic site) is much less probable 

owing to the more localized character of the wave function of an exciton bound at cubic site. This shifts the 

distribution of excitons bound at hexagonal and cubic sites in favor of the latter, which may explain why at higher 

doping levels the P0 line and its replicas strongly quench compared to the Q0 line (originating from exciton 

recombination at cubic site). The quenching of the emission associated with exciton recombination at hexagonal 

sites (P0 and its replicas) is well visible in the top curve of Fig. 1(a), which exhibits an order of magnitude smaller 

ratio of the intensities of P76/Q0 compared to the rest of the spectra. 

Fig. 1(b) displays the spectra of the N-doped samples grown with N2/Si = 1 and various C/Si ratios. The spectra 

are very similar despite the relatively large range of variation of C/Si from 0.4 to 1.2. The change in the C/Si ratio 

is accompanied with weak almost linear with C/Si change of the growth rate from ~8 µm/h at C/Si = 0.4 to ~10 

µm/h at C/Si = 1.2. The N-doping concentration [N] also changes from ~2×1017 cm-3 at C/Si = 0.4 to ~3×1016 
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cm-3 at C/Si = 1.2, as estimated using C-V measurements. These changes are in good agreement with the site 

competition mechanism proposed by Larkin et al. [15], according to which nitrogen and carbon compete for the 

same lattice sites (C sites). Therefore, the growth with C-rich conditions (high C/Si ratio) results in lower N 

doping, and vice versa. The changes in [N] are also observable in the PL spectra in Fig. 1(b); the dotted line 

denotes the position of the free-exciton replica I76, which is well visible in the top spectrum (C/Si = 1.2), but 

gradually vanishes with decreasing C/Si and is absent in the bottom curve (C/Si = 0.4). 

We consider now the p-type doping experiments. The PL spectra obtained from the samples grown with C/Si = 

1.0 and different Al-doping (different Al/Si ratios) are displayed in Fig. 1(c). The figure displays also the net 

concentration of acceptors minus donors [Na – Nd] for each sample obtained from C-V measurements, indicating 

nearly linear growth of the doping concentration with the Al/Si ratio for Al/Si ≥ 10-4. Also, the Al-related bound 

exciton lines (Al-BE, cf. Clemen et al. [16]) are dominating the spectra of all samples with Al/Si ≥ 10-4. The 

sample grown with Al/Si = 10-5, however, deserves special attention because, apart from the broad bands due to 

the substrate, the only prominent contribution in the spectrum of this sample is due to the free-exciton emission 

lines. The Al-BE lines are not observed at all, and the otherwise strong N-BE lines Q0 and P76 appear only as 

weak bumps, as shown in this spectrum. This peculiar situation may indicate nearly perfect compensation of 

donors and acceptors in this sample, leading to ionized donors and acceptors with negligible concentrations of 

the neutral species. Since the ionized donors and acceptors in 4H-SiC cannot bind excitons due to the specific 

ratio of the electron and hole effective masses, the free-exciton emission prevails. The substrate emission is also 

excited indirectly in this sample, as discussed earlier. The free-exciton emission (e.g., I76) is still discernible in 

the sample with Al/Si = 10-4, but vanishes with increasing Al-doping concentration, as expected. Also, the Al-

BE lines of the highest-doped sample (Al/Si = 10-2) exhibit asymmetric broadening, which can be understood on 

the same ground as that for the N-BE already discussed.  

There are almost no distinct phonon replicas of the no-phonon Al-BE lines (the two no-phonon lines are 

associated with Al occupying the two inequivalent Si sites in the 4H-SiC unit cell). However, two prominent 

sharp lines are seen to appear at 3928 and 3948 Å (3156 and 3139 meV, respectively), denoted as A and B in Fig. 

1(c,d). Both lines exhibit a weak phonon-assisted spectrum as illustrated in the insert of Fig. 1(c), which consists 
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of continuous emission typical for deep centers, which ends abruptly with a cusp at about 120 meV above the 

respective line (see the insert,120 meV is the maximum phonon energy in 4H-SiC). The A and B lines are 

typically not observed in Al-doped 4H-SiC. The existence of two lines each of which presents also a phonon 

spectrum suggests that they might be associated with the same defect in two inequivalent configurations within 

the unit cell of 4H-SiC. The origin of this defect is not understood at present, but it might be coupled to the 

incorporation of F in the SiC lattice. It may be noticed further that the intensity ratio of the A and B lines is nearly 

constant, and both lines vanish at high Al doping concentration (cf. Fig. 1(c), top curve). 

Fig. 1(d) displays the spectra of the samples grown with constant Al/Si and varying C/Si ratio from 0.4 to 1.2, 

similar to the case of n-type doping considered above. Considering again the A and B lines, we notice that their 

intensity decreases with decreasing C/Si ratio and nearly vanishes at the lowest C/Si = 0.4 (Fig. 1(d)). This might 

indicate that the defect responsible for the A and B lines is due to atomic species competing with Si for the Si 

site. Therefore, the A and B formation is promoted in C-rich growth conditions. Thus the defect responsible for 

the A and B lines may be tentatively assigned to an unknown foreign atom (or complex) occupying the Si site, 

although further experimental evidence using other techniques (e.g., electron spin resonance) is required to 

confirm or reject this assignment.  

As seen from Fig. 1(d), there is a marginal increase in [Na – Nd] with increasing C/Si ratio, but this increase is 

less than a factor of two, from 1×1016 to 1.7×1016 cm-3. The intensity ratio of the free-exciton line I76 visible in 

all spectra to the Al-BE lines exhibits some variations which are not very well correlated with [Na – Nd] measured 

by C-V. This is probably due to different compensation levels because of different N-concentration, however, the 

N-BE lines are not detectable in any of the p-type samples presented in Fig. 1(c,d). 

The photoluminescence of all samples was measured in the range 380 – 945 nm (~ 3.26 – 1.31 eV). Apart from 

the near-band gap region already considered, the only contribution to the rest of the spectrum is the appearance 

of the titanium-related emission in some of the samples. The spectra of p-type and n-type samples with the most 

prominent Ti emission are displayed in Fig. 2. The intensities of the Ti lines B0 and its local phonon mode B90 

are of the order of 10 – 100 times weaker than the corresponding bandgap emission for the n- and p-type samples, 

respectively. Ti is common contaminant in CVD epitaxy, probably emitted from the susceptor, but we notice the 
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complete absence of the so-called A0 line [17] and its phonon replica A90. The absence of this line usually 

associated with one of the two inequivalent sites of Ti substituting Si is not specific to the fluorinated growth. 

According to ours (and other groups) unpublished results the A0 line is not always present in the spectrum also 

in samples using conventional growth without presence of halogens. However, the reason for its absence in many 

samples is not understood at present. 

 

Fig 2. Low-temperature PL spectra (T = 2K) of selected samples of n-type and p-type which exhibit the strongest 

emission of the Ti-related defect (Ti on the Si sites) and an unknown sharp line (denoted C) which belongs to an 

unidentified defect. The samples, the near-band gap emission of which is displayed in Fig. (1), are identified (and 

labeled) by the corresponding growth parameters. 

The spectra in Fig. 2 exhibit one more sharp line of unknown origin, which is not commonly observed and might 

be specific to the fluorinated chemistry. This line appearing at 4482 Å (2765 meV) and denoted as C in Fig. 2 

appears in almost all (but not all) n-type samples, as illustrated by the top two curves, and seems to be independent 

of the presence or absence of the Ti spectrum. It appears also in p-type, but only in one of the samples – the one 

that has no contribution from either Al-BE or N-BE (the bottom curve in Fig. 1(c)). Further investigation is 

needed to clarify the nature of the defect responsible for the appearance of this line.  

We turn now to discussion of the DLTS and MCTS results. 
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3.2 Deep level transient spectroscopy  

Spectra were collected from epitaxial layers grown using standard, chlorinated, brominated and fluorinated 

chemistry, Fig. 3 [18,19]. The detection limit in these epitaxial layers, determined from the background doping, 

was 1×1011 cm-3, except for the chlorinated epitaxial layers, where it extended down to 1×1010 cm-3. The same 

electrically active deep levels appear in all epitaxial layers independent of used chemistry, except for the A(1) 

and A(2) levels, discussed later. All deep level parameters are given in Table 1.  

 

Figure 3. DLTS spectra for samples grown using standard (H), brominated (Br) [19], 

chlorinated (Cl) and fluorinated chemistry represented by two samples (F(1) – 5 µm thick, 

and F(2) – 100 µm thick). 
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Table 1: Approximate thermal activation energies (Ea) and temperature-independent capture cross sections (σe) 

of deep levels found in epilayers grown using standard, chlorinated, brominated and fluorinated precursor 

chemistries. For simplicity, the levels were fitted assuming single electron emission processes. 

Level Ea [eV] σe [cm2] Comment 

Ti 0.16 5×10−15 All chemistries 

Fe1 0.39 1×10−15 Chlorinated precursors, Fe-related 

Z1/2 0.69 9×10−15 All chemistries, related to carbon vacancy (VC) 

A(1) 0.71 7×10−16 Chlorinated precursors, possibly Cl-related 

A(2) 0.9 6×10−16 Chlorinated precursors, possibly Cl-related 

RB1 (RD1/2) 1.05 2×10−16 All chemistries, defect-complex including VC  

UT1 1.4 1×10−13 All chemistries, possibly complex including C 

EH6/7 1.48 1×10−14 All chemistries, VC-related 

 

Common to all epitaxial layers were the carbon vacancy (VC) related Z1/2 and EH6/7 deep level signals, with the 

as-grown VC-concentration between mid-1011 cm-3 to mid-1013 cm-3. These deep levels also constitute the main 

point defect-related non-radiative recombination pathway for charge carriers. Since different reactors were used 

for the experiments and growth conditions for the layers varied widely, a direct comparison of concentrations 

between chemistries is not possible. 

A secondary, weaker recombination center is the RB1 deep level, which occurs together with the Fe-related Fe1 

level in most of our epitaxial layers grown with chlorinated chemistry. While RB1 appears to be an intrinsic 

defect which may be removed by oxidation, its formation scales sub-linearly with the concentration of 
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incorporated Fe [18]. The level appears to be identical to the known intrinsic RD1/2 level, and also appears in 

some brominated and fluorinated epitaxial layers which lack any detectable Fe-contamination [20].  

The most common electron trapping deep levels which was detected in epitaxial layers grown by all chemistries 

are related to Ti, a transition metal impurity originating from the graphite insulation. Another, less common trap 

found in some epitaxial layers independent of the chemistry used is the UT1 level, which appears to have a very 

large electron capture cross section and is possibly related to a carbon cluster defect [21]. 

The only unique deep levels are A(1) and A(2), which were only detected in chlorinated epitaxial layers in very 

low concentrations of below mid-1011 cm-3 (the concentration ratio is ~2:1). One explanation for this may be the 

slightly higher detection limit in the non-chlorinated epitaxial layers. Another explanation may be that these deep 

levels are related to Cl-incorporation, as their positions in the spectrum correspond to that of the levels Ci4 and 

Ci5, simulated using their literature parameters [9]. These levels, which were first found in Cl-implanted epitaxial 

layers, have been speculated to originate from Cl-containing defect complexes. Their density in our as-grown 

epitaxial layers is well below the previously determined concentration of Cl incorporated during growth [5]. No 

similar unique deep levels have been found in the epilayers grown either using brominated or fluorinated 

chemistry. 

4. Conclusions 

SiC grown using a fluorinated CVD chemistry and investigated using PL, DLTS and MCTS shows properties 

very similar to those of samples grown with other chemistries. Fluorinated chemistry is therefore a possible 

route to grow epitaxial layers for SiC devices. However, we find also some minor features in the 

photoluminescence, which might be specific to the F-chemistry, and which need further investigation for 

understanding their nature. 
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