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Abstract: Cubic β-SiC coating was grown onto the graphite substrate by the normal pressure chemical vapor deposition using 
CH3SiCl3 (MTS) as a source precursor at 1 150 ℃. But the hexagonal Al4SiC4 phase was generated in the doped process with 
trimethylaluminium (TMA) as the dopant. Microstructure of the deposit coating as-prepared was characterized by scanning electron 
microscope (SEM), which consists of spherical particles with a very dense facet structure. The real component of permittivity ε′ and 
dielectric loss tanδ of the coatings undoped and doped by TMA were carried out by a vector network analyzer in the microwave 
frequency ranges from 8.2 GHz to 12.4 GHz. The results show that both of them have low values, and doped coating has lower ε′ and 
tan δ than undoped one due to the existence of Al4SiC4 impurity phase, which indicates that the desired Al/SiC solid solution at 1 150 
℃ in a normal argon atmosphere is not produced. 
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1 Introduction 
 

Silicon carbide (SiC) is often considered the most 
important carbide because of many attractive properties 
such as great hardness and chemical resistance at high 
temperature. On the other hand, SiC has wide band gap, 
high electric mobility and high thermal conductivity. 
Therefore it is used in structural materials and electric 
devices fields at elevated temperature[1−4]. In recent 
years, the chemical vapor deposition (CVD) silicon 
carbide coating on graphite substrate is an interesting 
field that has been widely studied for industrial 
applications such as oxidation protector and diffusion 
barrier at high temperature[5−6], and many investigators 
have extensively investigated the relationships among 
deposition rate, deposition temperature and growth 
kinetics of CVD β-SiC using methyltrichlorosilane 
(CH3SiCl3, MTS) as a precursor material[7−10].  

However, little information is available on the 
aluminum-doped SiC coating and its dielectric properties, 
especially at high frequencies for isolators and 
electromagnetic wave absorbing materials[11]. Presently, 
SiC doping can be realized by ion implantation, diffusion 
or in-situ doping during epitaxial growth such as 

chemical vapor deposition, in which the dopants can be 
directly incorporated into SiC. Though ion implantation 
has many advantages of introducing impurity atoms into 
SiC, a fairly high temperature annealing (1 500−1 700 
℃) is required to remove the effects of the damage and 
achieve reasonable electrical activation percentage of 
impurities[12−14]. Additionally, diffusion is thought to 
be unacceptable because diffusion in SiC has to be 
carried out at above 1 800 ℃ due to the extremely low 
diffusivity of impurities[15]. The aim of this work was to 
investigate the chemical composition, microstructure and 
dielectric property of silicon carbide doped by Al using 
CVD. 
 
2 Experimental 
 

Al-doped SiC coating was chemical vapor deposited 
on a high-purity graphite substrate at 1 150 ℃ in a 
normal argon atmosphere. Methytrichlorosilane 
(CH3SiCl3, MTS) was employed to deposit silicon 
carbide because it has an equivalent ratio of Si to C and a 
relatively low thermal decomposition temperature. 
Trimethylaluminum (Al(CH3)3, TMA) was used as the 
impurity precursor. The two source precursors were 
maintained at a constant temperature, respectively, and 
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carried to the reaction chamber by bubbling hydrogen 
gas. Argon was used as diluent gas, which regulates the 
concentration of the mixture involving MTS and TMA 
vapors and carrier gas. The flow rates of 
hydrogen-to-MTS and TMA were fixed at 200 and 50 
mL/min, respectively, with 100 mL/min of diluent argon. 

The crystalline phase of deposited coating was 
examined by X-ray diffraction (XRD, X’Pert PRO MPD, 
Cu Kα) for crystal analysis ranging from 10˚ to 90˚ of 2θ. 
The surface morphology of deposited coating was 
observed by scanning electron microscope (SEM, JEOL 
JSM-6360). The samples for dielectric parameter 
measurement at room temperature were prepared by 
blending the ground coating material with paraffin in a 
mass ratio of 14׃, and then being molded into a 10.16 
mm×22.83 mm×2 mm flange ring. The dielectric 
parameters were measured by a vector network analyzer 
(Angilent Technologies E8362B) in the frequency ranges 
of 8.2−12.4 GHz. 
 
3 Results and discussion 
 
3.1 Characterization of deposit 

XRD patterns of the deposit coatings undoped and 
doped by aluminum with TMA as a precursor are shown 
in Fig.1. It can be seen that pure cubic type β-SiC is 
produced at 1 150 ℃ in a normal atmosphere without 
the impurity source. When doped by TMA, under the 
same condition, the deposit contains minor phase of the 
hexagonal Al4SiC4 besides cubic β-SiC. It is possible that 
TMA has been decomposed to Al, CH3 and CH4 with 
hydrogen as carrier gas before it reaches the hot reaction 
zone, and the MTS is pyrolyzed to generate C and SiC. 
So the Al4SiC4 product is generated, as shown in the 
following reaction[16]: 

 
4Al+3C+SiC→Al4SiC4                        (1) 

 
 

 

Fig.1 XRD patterns of (a) undoped and (b) doped deposit 
coating 

But it is not indicated in Fig.1 that there is the 
Al/SiC solid solution in the deposit due to the 
replacement of Si sublattice on SiC by Al. While the 
interplanar spacing d of β-SiC (111) peak of undoped and 
doped deposits is 2.525 nm and 2.526 nm, respectively, 
and the lattice constant a is 4.373 nm and 4.375 nm by 
calculating, respectively, which shows that the change of 
SiC lattice constant of the deposit is little after being 
doped. This also illustrates that Al atom does not enter 
possibly into the lattice of SiC deposit to change the 
crystal structure in the doping process. 

The surface morphologies of the undoped and 
doped coatings are shown in Fig.2. At the deposition 
temperature of 1 150 , ℃ it is observed that both the 
deposited coatings have very dense facet structures, and 
the deposit shown in Fig.2(b) is composed of a large 
number of spherical particles. 
 

 
Fig.2 Surface morphology of (a) undoped and (b) doped 
coatings 
 
3.2 Dielectric properties of deposit 

The relationship between the dielectric properties, 
namely the real component of permittivity ε′ and 
dielectric loss tanδ, and the frequency were studied for 
undoped and doped coatings, as shown in Figs.3 and 4, 
respectively. Because SiC is a non-magnetic loss 
material (permeability µ′=1, µ″=0), its power dissipation 
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Fig.3 Permittivity ε′ as function of frequency for (a) undoped 
and (b) doped coatings 
 

  
Fig.4 Dielectric loss tanδ as function of frequency for (a) 
undoped and (b) doped coatings 
 
at high frequencies is determined only by dielectric loss. 
Dielectric losses usually result from three primary 
processes: ion migration loss, including DC conductivity 
loss, ion jump and dipole relaxation losses, ion vibration 
and deformation losses, and electron polarization 
loss[17]. Because the β-SiC as-prepared has little defects 
such as VSi and VC, there hardly exists any type 
polarization above. So it is clear in Fig.3 that the real 
permittivity ε′ of both the samples is low in the 
frequency range of 8.2−12.4 GHz, which is slightly 
greater than that of pure paraffin (about 2.2). With the 
same batch, doped coating sample has lower ε′ than 
undoped one due to the Al4SiC4 impurity phase. The 
similar results are shown in Fig.4, and extremely low 
dielectric losses are obtained because the β-SiC has little 
dielectric loss by itself, or there hardly exists any defect 
polarization loss in the frequency range of 8.2−12.4 GHz. 
In this study, if Al atoms can substitute the site of Si on 
the SiC lattice to generate Al/SiC solid solution in the 

doped process, the electrical hole defects of SiC crystal 
would be produced, which will lead to the hole 
relaxation polarization loss in the high frequency range 
of 8.2−12.4 GHz, then obtain the desired or higher 
permittivity ε′ and dielectric loss tanδ. From the lower 
values of ε′ and tanδ, it is evident that there does not 
exist the hole defect in doped SiC crystal coating besides 
the impurity phase of Al4SiC4.  
 
4 Conclusions 
 

1) Cubic β-SiC coating is grown onto the graphite 
substrate by normal pressure chemical vapor deposition 
using MTS as a source precursor at 1 150 .℃  When the 
coating is doped by TMA, the hexagonal Al4SiC4 phase 
is generated. 

2) Microstructure of the coating as-prepared 
consists of spherical particles with a very dense facet 
structure by SEM.  

3) Because there hardly exists any polarization in 
the β-SiC as-prepared, the real permittivity ε′ of both 
undoped and doped samples is low in the frequency 
range of 8.2−12.4 GHz, which is about 2.6 and 2.9, 
respectively, and doped coating sample has lower ε′ than 
undoped one due to the presence of Al4SiC4 impurity 
phase. The extremely low dielectric loss tanδ of both the 
samples is obtained without any defect polarization loss. 
It is proved that the Al/SiC solid solution in the doped 
coating is not be produced. 
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