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Abstract. Several strategies were developed to synthesise two classes of nanostructured thin 

films with nanocrystals of SiC (nc-SiC) or In2O3 (nc-In2O3) confined in alumina. The syntheses 

were performed by using Rf-sputtering and co-pulverisation process of the suitable reactants. 

Thus, Al2O3/nc-SiC and Al2O3/nc-In2O3 composite thin films were obtained and their structural 

and optical features analyzed respectively by XRD, XPS and UV-VIS absorption. The 

deposition conditions and the post-synthesis treatments were optimized in order to improve the 

crystalline character of confined nanocrystals. The optical properties were compared in the 

range 200 nm-1200 nm for bare alumina films or nanostructured ones with the semiconducting 

nanocrystals. The direct and indirect band band gaps were evaluated and discussed with regard 

to the stoechiometry and morphologies of the nanocomposite films 

 

 

1. Introduction 

Nanostructured films composed by semi-conducting nanocrystals confined in background host 

matrices are attractive architectures with regard to expected original electronic and optical behaviours. 

The key parameters which monitor the quality of the nanostructure consist in narrow size and shape 

distributions of the nanocrystals in the matrix as well as their homogeneous crystalline order. Among 

the considered materials, silicon carbide nanocrystalline (SiC) is a wide bandgap semiconductor with 

particular characteristics such as high breakdown field strength, high thermal conductivity, and high 

saturation drift velocity [1]. These excellent physical properties make SiC a promising semiconductor 

material for the fabrication of electronic devices [2]. Moreover, as an important wide band gap 

semiconductor, cubic silicon carbide (β-SiC) nanostructures would be favourable for applications in 

high temperature, high power, and high frequency nanoelectronic devices [3]. From another hand, 

besides the interest in applications in optoelectronics, In2O3 nanostructures have also a key role from a 

fundamental to applications in several areas such as solar cells, sensors or flat panel displays [4]. As 

main characteristics of indium oxide, the direct band gap is around 3.75 eV and the indirect bandgap at 

about 2.61 eV [5] lead to high optical transparency in the visible light region [6]. 

In another respect, alumina (Al2O3) is the most important dielectric material suitable for optical 

coatings in large spectral region [7]. Therefore, it is considered to be the most promising candidates to 
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realize composites with improved optical properties taking benefit from SiC and In2O3 nanocrystals 

whose the size and crystalline polytypes can modulate the band gap in a large extent. 

For the practical achievement of the synthesis, although DC magnetron sputtering is more preferred 

for industrial applications, rf-sputtering is more suited for our purpose. The experimental versatility 

allows modulating the structural and optical properties of alumina-SiC and alumina-In2O3 through the 

nature of substrates, deposition conditions such as temperature of substrate during deposition, 

annealing and also the electrical power of the deposition process. 

Thus, this work is dedicated to realize composites such as alumina-SiC and alumina-In2O3 films 

deposited on (100) silicon or borosilicate (BK7) substrates at different temperatures and to investigate 

the variations of structural and optical properties. The morphology, microstructure and the 

composition of alumina-SiC and alumina-In2O3 films were characterized by methods such as XRD and 

XPS. In addition, optical transmittance spectra were compared between the as-deposited and post-

annealed composites films associating alumina and SiC or In2O3 nanocrystals. The evaluation of direct 

and indirect band gap was performed as function of the compositions of nanostructured films.  

 

2. Experimental  

2.1. Materials  

Alumina-SiC and alumina-In2O3 thin films were deposited onto crystalline (100) silicon wafer and 

borosilicate glass substrates by rf-sputtering method using co-deposition from Al2O3 target and pellets 

of SiC or In2O3.The rf sputtering power was varied in the range 50 – 100 Watt. The SiC pellets were 

hot-pressed while the In2O3 pellets were sintered at 1300°C [8]. Typically, the base vacuum was about 

1.4 10
-6

 mbar, and the pressure was stabilized at about 10.98 10
-2

 mbar during the deposition process 

with the flow rate of argon about 100 sccm. After cleaning, the float substrates were placed in the 

vacuum chamber. The substrates were heated from room temperature (20°C) to 600 °C. The film 

thickness of about 310 nm was achieved. In this study, only the substrate temperature was varied, 

while all deposition times presented here were 60 min and all other parameters were fixed. 

 

2.2. Methods 

The film thickness was measured using an interferometer (FilmeTrics Model 205-0070). The phase 

composition and structure of the samples was determined by X-ray diffraction using a Philips X-pert 

diffractometer with a Cu-Kα radiation. Optical transmittance spectra of the film structure were 

measured with a UV–VIS–NIR scanning spectrophotometer (DH-2000-BAL). High resolution 

transmission electron microscopy (TEM) images were obtained on the composite samples based on 

SiC and Al2O3. XPS investigations were performed with a Mg Kα X-ray excitation source (1253.6 

eV). The residual pressure in the analysis chamber was maintained below 10
−9

 torr during data 

acquisition. The various XPS spectra with high resolution were recorded for the elements Si 2p, C 1s 

and Al 2p. 

 

3. Results and discussion 

3.1. Structural and morphology features  

Figure 1(a) shows XRD patterns of as-deposited and 800°C annealed films. The annealing is 

performed in a furnace under Ar atmosphere during 3 hours. The high temperature annealing (800°C) 

favours the development of a large diffraction background from of small (111) SiC peak at about 

2=33.6. Previous experimental results [9] showed that this structure appears when the annealing is 

made at 900°C.Figure 1(b) reports the XRD pattern of alumina-In2O3 samples which were deposited 

onto silicon substrate and prepared at temperature of substrates at about 20°C, 250°C and 400°C. It 

can be seen that the main growth directions are (2 1 1), (2 2 2), (4 0 0) and (4 4 0), which are related to 

the cubic structure of In2O3 [10]. Under the same conditions, depositions of these samples were also 

made on a borosilicate glass. This procedure allow to resolve better the main diffraction line related  

for the In2O3 main phase (Figure 1(c)). As-deposited films at RT and the one with the substrate 

temperature fixed at 250°C exhibit amorphous features. The films were crystallized only for the 

temperature as high as 400°C leading to a XRD (222) peak enhancement. Finally, None of the 

diffraction patterns bring the mark of any characteristic peaks of alumina. This is indicative of 

amorphous nature of the alumina matrix. 
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Figure 1. (a) XRD spectrum for alumina-SiC deposited on a silicon substrate at RT and annealed 

at 800°C for 3 hours. (b) XRD patterns of the as-synthesized alumina-In2O3 on a silicon substrate 

formed at different substrate temperatures. Indices of the peaks are marked above the peaks. (c) 

XRD spectra of the as-synthesized alumina-In2O3 nanocomposites on a BK7 substrates maintained 

during the synthesis at different temperatures. 

 

The XPS experiments give valuable information on the composition of the films. XPS spectra were 

recorded and deconvolved for precise identification of the involved chemical species. Figure 2(a) 

shows the XPS spectra of Si 2p core level peak. The deconvolution of this spectrum reveals two 

components. The one located at a binding energy of 103.17 eV is associated to environments such as 

Si-O2 [11]. The second contribution located at energy about 99.60 eV is assigned to bonding which 

can be attributed to Si-C [12]. Such involved bonding with silicon seems sound with respect to the 

coexistence of SiC clusters and the expected formation of SiO2 during the co-pulverization of 

Alumina.  

The spectrum of the C 1s level in figure 2(b) seems to reveal three bonding features. The peak position 

located at a binding energy of 284.81 eV corresponds to C-C [11] bonding. The second contribution 

located around the energy of 283.49 eV can be assigned to C-Si [11] bond while the features at the 

binding energy of 286.45 eV correspond to C-H bond [13]. It is worth noting that, the involved 

hydrogen bonding occurs from the composition of the SiC pellets made from powders which contain 

hydrogen due to the used synthesis process [14]. 
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Figure 2. (a) Typical deconvoluted XPS spectrum of Si 2p energy region for the alumina-SiC. (b) 

Typical deconvoluted XPS spectrum of C 1s energy region for the alumina-SiC. And (c) Typical 

deconvoluted XPS spectrum of Al 2p energy region for the alumina-SiC. 

 

Figure 2(c) presents the XPS spectra of the Al 2p core level peak and its decomposition reveals two 

superimposed components with a small difference in the binding energy. Both are most likely 
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associated to alumina [15]. The low intensity line at about 75.7 eV may be related to a non-

stoechiometric compound. 

 

3.2. Optical features  

The transparency of the synthesized films for all temperatures exhibits similar features shown in 

Figure 3(a,b). At the opposite of SiC based composites, the more pronounced optical effects were 

obtained after the incorporation of In2O3. Indeed at given wavelength about 650 nm, the transmission 

percent of alumina-In2O3 films changes from 84% (RT deposited), to 89% for deposition with the 

substrate at (250°C) and to 93% for substrate temperature about (400°C). The ripples in the spectrum 

resulted from the interference fringes due to suitable film thikness for resolving interferences effects 

[16].  
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Figure 3. (a) Optical transmittance of alumina and alumina-SiC film 

deposited on borosilicate glass substrate at RT. (b) Optical 

transmittance spectra of alumina and alumina-In2O3 films with 

different BK7 substrate temperatures.   

 

The type of the optical transitions, whether direct or indirect, can be determined by studying the 

dependence of the absorption coefficient ]/)/1[ln( dT , as function of the photon energy (hν) and 

the thickness (d) of the films. For direct/indirect optical transition between presumably parabolic 

bands, the relevant optical band gaps parameters can be deduced as follows [17]. 

                                                                )..(.. g

n
EhAh                                                            (1) 

Where A is a constant and Eg is the optical band gap. The direct and indirect bandgaps of the 

composites films may roughly be estimated by plotting (α.hν)
n
 versus hν (n=2 for allowed direct and 

n=1/2 for allowed indirect optical transitions). By extrapolating the linear region of the plot toward 

low energies [18], we may deduce the optical band-gaps. Figure 4(a,b) and figure 5(a,b) represents 

these plots for the alumina (RT), alumina-SiC (RT) and alumina-In2O3 (RT, 250, 400°C). Table 1 

summarizes all bandgaps obtained by extrapolating the linear parts of the (αhν)
n
 versus hν plots. 

 

Table 1. Variation of the direct and indirect band-gap of nanocomposite films. 

n  Al2O3 Al2O3-SiC 

Al2O3-In2O3 

RT 250°C 400°C 

1/2  (eV) 

(indirect) 
4.04 3.94 3.09 3.07 3.20 

2  (eV) 

(direct) 
4.51 4.48 3.92 4.05 4.09 
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Figure 4. Plots of (a) (αhν)
1/2

 versus hν and (b) (αhν)
2
 versus hν for 

alumina and alumina-SiC. 
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Figure 5. Plots of (a) (αhν)
1/2

 versus hν and (b) (αhν)
2
 versus hν for 

alumina-In2O3 deposited at different substrate temperatures. 

 

The obtained band gap, direct and indirect, seem relevant to monitor the composition of the film 

alumina-nanocrystals. 

The optical properties traduce the change in the film composition through the modification of the 

caractéristiques optical band-gaps. The effects are more importnat on the alumina-In2O3 compared to 

composites with SiC.  

 

4. Conclusions 

Innovative guest-host nanostructures can be realized from alumina as host matrix and nanocrystals 

incorporated in the amorphous media. Two main wide band gap semiconductors (SiC, In2O3)  were 

used because their gap can be finely tuned as function of nanocrysal dimensions and their cristalline 

polytypes. The XRD experiments showed that the crystallinity of alumina-In2O3 nanocomposites was 

improved by using appropriate substrates maintained at  temperatures between RT and 400°C. From 

optical aspects, high quality films with a transmittance 93% were obtained and the allowed-indirect 

and allowed-direct optical bandgap were found to vary respectively from 3.07 to 3.20 eV and from 

3.92 to 4.09 eV, depending on the temperature of the substrates. The effects of In2O3 incorportaion are 

more important on optical behavior compared to composites based on SiC. The carried out synthesis 

procedures are currently under development to improve the film quality, cristalline features and 

morphologies.  
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