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Abstract 

 

 Solar selective coatings based on double Al2O3:W cermet layers and AlSiN/AlSiON bilayer 

structures were prepared by magnetron sputtering. Both were deposited on stainless steel 

substrates using a metallic tungsten (W) layer as back reflector. The coating stacks were 

completed by an antireflection (AR) layer composed of Al2O3, SiO2, or AlSiOx. 

Spectrophotometer measurements, X-Ray diffraction, Scanning electron microscopy, Energy 

Dispersive X-Ray Spectroscopy and Rutherford Backscattering Spectrometry were used to 

characterize the optical properties, crystalline structure, morphology and composition of these 

coatings. The spectral optical constants of the single layers were calculated from the reflectance 

and transmittance measurements and used to design the optical stack. The coatings exhibit a 

solar absorptance of 93%-95% and an emissivity of 7%-10% (at 400 ºC). The coatings also 

exhibit excellent thermal stability, with small changes in the optical properties of the coating 

during heat-treatments at 400 ºC in air for 2500 h and at 580 ºC in vacuum for 850 h. The coating 

based on the AlSiN/AlSiON bilayer structure was obtained with an Al:Si ratio of 2.5:1. These 

coatings revealed similar performance as the one obtained with coatings based on Al2O3:W 

cermet layers.   

 

Keywords: AlSiN/AlSiON; Al2O3:W cermet; solar selective absorber, dielectric function 
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1. Introduction 

 Absorbers for photo-thermal conversion have already been developed for decades [1-4]. 

They are commonly used for water heating systems (T<150 ºC). The concentrated solar power 

(CSP) technology allows the electricity production in large-scale plants. One of the CSP 

technologies is based on parabolic-trough systems [5, 6], where the energy is absorbed in a solar 
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selective coating deposited onto the absorption tube, which reaches high temperatures (up to 400 

ºC in mid-temperature applications). The efficiency of this technology can be increased, e.g. by 

increase of the solar absorptance and decrease of emissivity (improving the optical and thermal 

properties) of the selective coating, and by increasing the operating temperature (>450 °C). 

Elevated working temperatures for a prolonged period require an excellent thermal stability of 

the materials used for the receiver tube. Hence, the focus is not only on the optical properties of 

the receiver tube, but also on the long term (>20 y) durability and oxidation resistance of the 

solar selective coating. 

 Several materials have the appropriate optical properties and can have the necessary 

durability at operating temperatures at 400oC and above, and potential materials have been 

identified in the review performed by Kennedy [7]. Various binary and ternary metal compounds 

satisfy these requirements, particularly those formed from the refractory metals of groups 4, 5 

and 6. For example, the titanium, zirconium, or hafnium metal boride, carbide, oxide, nitride, 

and silicide materials have some of the highest melting points in nature, and some of them also 

have a good oxidation and corrosion resistance. 

 A very high solar absorption can be achieved when the coating has a graded refractive index 

n and extinction coefficient k. Both parameters should be highest at the metal/substrate interface 

(infrared reflector), and then gradually decrease towards the surface. This can be easily done 

with a ceramic-metal composite coating (cermet) [8, 9] by decreasing continuously the metal 

volume fraction from the interface metal/substrate to the surface. The cermet consists of small 

metal particles embedded in a ceramic matrix, where the role of the metallic particles is to 

increase the solar absorption, due to the interband transitions in the metal, and to reduce the 

absorption in the thermal IR region due to the small particle size. The concept offers a broad 

range of options for solar selectivity optimization and it depends on the proper choice of 

constituents, coating thickness, particle concentration, size, shape, and orientation. Al2O3, SiO2, 

ZrO2 and AlN have been used as matrix, because they are ceramics with stability at high 

temperatures, together with metals inclusions, such as W, Ag, Ni, Pt, Mo [7-14], which are some 

of the metals with relatively good oxidation resistance.  

 Instead of the graded refractive index and extinction coefficient, a bilayer structure can be 

used, where the solar absorptance is optimized through the interference effect [15-17]. These 

multilayer interference stacks with adequate materials can also have high solar absorption, low 

thermal emittance, and be stable at elevated temperatures (≥ 350ºC). The optical constants and 

thicknesses of different layers should be chosen in order to produce a cancellation between light 

reflected from the top surface and from the first interface, and between light reflected in the first 

interface and in the second interface, and so on. An optical path length of 1/4 wavelength (in a 
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layer) would produce a net shift of 1/2 wavelength between the mentioned reflections, resulting 

in cancellation. In order to enhance the solar absorption, this removal should occur for 

wavelengths in the solar radiation spectrum. For a medium with constant refractive index, n, the 

optical path length can be calculated as the product of the refractive index with the physical 

length, d, nd. The refractive indexes and physical thicknesses of the bilayer structure should be 

chosen in order to obtain destructive interference at wavelengths around 0.5 µm and 1.5 µm, 

contributing to the decrease of the reflectance in these regions.  

 This solution was used in both cases, and we employed two distinctive layers, High 

Absorbing layer (HA) and Low Absorbing layer (LA), with decreasing n and k for the absorption 

of the solar radiation. This design can be done with cermets, where the metal volume fraction is 

used to adjust the refractive index of each layer, or with other materials with adequate refractive 

index and extinction coefficient [18-20].  

 AlSiON is known for its high thermal stability and its exceptional corrosion resistance [21, 

22]. AlSiN also has good thermal and chemical stability, and the optical properties of both can 

be tuned by  changing their composition [23]. Additionally, AlSiN/AlSiON multilayers provide a 

better manufacturability in a continuous large-scale production, where only one target is needed. 

In this work, two different thermal solar selective coating stacks were developed, one based on 

Al2O3:W cermets and, as an alternative concept, another based on AlSiN/AlSiON ceramic layers. 

 The entire coating stack was completed by a pure metallic tungsten (W) layer at the substrate 

coating interface to provide high reflectivity (and low emissivity) in the infrared region (IR), and 

a Al2O3, SiO2 or AlSiOx layer as antireflection (AR) layer on the outside. The AR layer and the 

W layer also serve as diffusion barriers. The AR layer decreases the diffusion of oxygen and 

other contaminants from the surrounding atmosphere towards the coating, and the W layer 

decreases the diffusion from the stainless steel substrate into the coating. The optical design of 

multilayered coatings was performed through the spectral optical constants of the single layers, 

and in this work was used the modelling software SCOUT [24].  

 

2. Experimental details 

 

2.1 Sample preparation and characterization 

 

  The W metallic layer was deposited from a pure metal tungsten target by DC magnetron 

sputtering and in static mode. Experimental details are shown in table 1. Prior to the deposition, 

the vacuum chamber was evacuated to a base pressure of 2x10-4 Pa, and during the deposition a 

pulsed bias of -60 V (frequency 90 kHz) was applied to the substrate holder.  
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 Al2O3:W cermets were deposited by simultaneous sputtering from two pure metal W and 

Al circular targets (diameter 4 inch), which were placed horizontally. The substrate holder 

rotated with a constant speed (15 rpm) over the targets. Al2O3:W cermets with varying W 

content were obtained by maintaining constant the Al target sputter current (0.5 A) as well as the 

O2 flow, but varying the current applied to the W target (0.1 A – 0.8 A). The AR layer based on 

Al2O3 was prepared in rotation mode, as the Al2O3:W layers, under an Ar/O2 atmosphere and 

employing only the Al target. 

 AlSiN and AlSiON were deposited by reactive DC sputtering in static mode from an Al 

target with 9 Si discs (diameter 1 cm) located in the erosion zone in an atmosphere containing 

oxygen, nitrogen and argon. HA layers were produced employing solely nitrogen as a reactive 

gas (AlSi nitride) and the LA layers were based on AlSi-oxynitrides. The AR layer based on 

AlSiOx thin films was also prepared under an Ar/O2 atmosphere. Two coatings were optimized 

with this target , one with layers deposited in static mode and another with layers deposited in 

rotation mode.  

 The SiO2 layer was deposited by Plasma Enhanced Chemical Vapour Deposition (PECVD) 

with the help of an Inductively Coupled Plasma (ICP) source using 

Octamethylcyclotetrasiloxane (OMCTS), ((CH3)2SiO)4 as a precursor. During those depositions 

a rf power of 3000 W, an oxygen flow of 750 sccm and precursor flow of 15 g/h were used. The 

total pressure during deposition was 0.4 Pa. 

 The structural properties of the films were studied by X-ray diffraction (XRD) employing a 

Bruker AXS Discover D8 operating with CuKα radiation. X-Ray diffraction measurements have 

been performed for an angle of incidence of 3º. Energy Dispersive X-Ray Spectroscopy (EDS) 

analysis and Rutherford backscattering Spectrometry (RBS) measurements were used to evaluate 

the composition of the thin films. EDS was performed with the electron beam of the scanning 

electron microscope with a EDAX- Pegasus X4M system and an energy of 13.5 keV and RBS 

measurements were performed with a proton beam with energy of 2.3 MeV, at an angle of 

incidence of 0º. The scanning electron microscope used in the study was a FEI Nova NanoSEM 

200. Optical measurements, in transmittance and reflectance modes, were performed in the 

wavelength range of 250-2500 nm, using a Shimadzu spectrometer. The total reflectance 

measurements were performed with an incidence angle of 8º using an integrating sphere 

attachment. The normal solar absorptance, αs, is defined as a weighted fraction between absorbed 

radiation and incoming solar radiation, and it was determined using the calculated or 

experimentally obtained spectral reflectance data R(λ) and ASTM AM1.5D solar spectral 

irradiance, Is(λ), according to [2]: 
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The absorptance calculations were made over the portion of the electromagnetic spectrum from 

0.3 to 2.5 µm. 

 A Fourier Transform Infrared (FTIR) spectrophotometer from Agilent Technologies was 

used to measure the spectral reflectance in the infrared wavelength range, 1.6-16.7 µm, which is 

equipped with an integrating sphere. The normal thermal emittance, εth, is a weighted fraction 

between emitted radiation and the Planck blackbody distribution and, at a specific temperature T 

was calculated from [2]:  
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where Ibb(λ) is the spectral blackbody emissive power and R(λ) the spectral reflectance. For 

reflectance measurements it was used, as a reference, a gold thin film. Considering the gold has 

an absolute reflectance lower than 100 %, the reflectance of a copper plate was multiplied by a 

constant factor (lower than 1) in order to obtain a thermal emittance of 3%. All IR reflectance 

measurements were subjected to the same correction. The thermal emittance was also measured 

with an emissometer AE-AD3 from Devices & Service Company (at 80 ºC) and within the error 

of the measurement (± 1%) the results for 80 ºC obtained from the two measurements are 

similar. 

 The solar selective absorber coating was developed using  the following steps:  

(i) Preparation of single sheets. which correspond to several layers with different metal volume 

fraction in the case of Al2O3:W cermets, films with different content of nitrogen and oxygen 

in the case of AlSiN and AlSiON, the back reflector, W; and the antireflection layers, Al2O3, 

AlSiOx and SiO2; 

(ii) optical characterization of individual layers deposited on glass substrates. The transmittance 

(T) and reflectance (R) of films can be used to obtain the optical constants. The bands in the 

optical spectra can be described by the classical theory of the optical propagation, where 

light is treated as electromagnetic waves and atoms or molecules are modeled as classical 

dipole oscillators, which enables the calculation the frequency dependence of the complex 

dielectric constant and the dependence of the absorption coefficient and refractive index [26, 

27]. The experimental curves of T and R were modelled with SCOUT [24]. From the 

modelling the coating thickness was obtained (and deposition rate) , as well as the spectral 

optical constants (n and k) as a function of the wavelength λ.  
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(iii) With spectral optical constants of different materials, it is possible to build the optical 

spectra (T and R) of a multilayer, and the SCOUT software was used to design a four layer 

coating stack with optimized absorptance αs and emissivity εth. This modelling step allows 

selecting the materials to be used and respective thicknesses. 

(iv) Finally, the multilayered coating was deposited onto a polished stainless steel substrate, 

using the materials and thicknesses selected in the modelling step.  

 

3. Experimental Results  

3.1 Single layers 

 A tungsten layer was chosen as back reflector. This layer improves significantly the 

reflectance of polished (RRMS < 0.2 µm) stainless steel to about 96 % at λ > 2500nm (Fig 1a). 

According to the Kirchoff law, the increased reflectance decreases emissivity from ε = 14% (SS 

substrate) to ε = 4% (at 80 ºC). Fig.1b also presents the spectral optical constants of W layer.  

 Fig. 2 shows n = f(λ) and k = f(λ) for the eight HA and LA layers, as obtained from the 

numerical simulation of the Transmittance and Reflection measurements of the single Al2O3:W 

cermet layers on glass with the SCOUT software. The simulation requires a model for the 

dielectric function. Firstly we tried the use of an effective dielectric function for the two phase 

composite (W and Al2O3) based on the dielectric functions obtained for the single layers of the 

respective materials based on models of Maxwell Garnett [28] or Bruggeman [29]. Neither of the 

models gave satisfactory results.  A partial oxidation of tungsten is expected, which means that 

the Al2O3:W films are not a pure two phase composite. The use of a one phase model, which 

assumes an isotropic medium, gave good results and allowed the optical characterization of the 

individual layers and subsequent multilayer design. The dielectric function ̃  was considered as 

a sum of several contributions, which model intraband and interband transitions:  

OJLLorentzDrudebackgroundr
~~~~~ ε+ε+ε+ε=ε ∑   (eq. 3) 

Where, background
~ε , represents a background, Drude

~ε , a Drude term, representing unbound electron 

oscillators, which describe the intraband transitions of the electrons in the conduction band, 

Lorentz
~ε , a Lorentz term representing the bound harmonic oscillators [30], which was used to 

describe the interband transitions into the upper half of the conduction band, and OJL
~ε , the OJL 

term [31], used to describe the band gap transitions. This term follows the model proposed by 

O’Leary, Johnson and Lim [31], and parabolic bands are assumed with tail states exponentially 

decaying into the band gap. The fit parameters of the OJL interband transition model are the gap 

energy, E0, the tail state exponent of the valence band, γ, and the overall strength of the 
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transition. The combination of these interactions gave a satisfactory simulation of the 

experimental dielectric function of single layers. The aluminium oxide layer presents a refractive 

index around 1.7, which increases with the W content, as expected due to the increase of the 

metallic character. , The HA layer was selected from the group made with high W current value, 

and the LA layer was obtained from those prepared with small W current. The findings apply to 

the AlSiN and AlSiON layers on glass where a similar approach was used to simulate the 

dielectric function, the first as HA layer and the second as LA layer. In this case, the nitrogen 

and oxygen content were varied to tune the optical properties. Nitrides with low N contents have 

high refractive index and extinction coefficient. On the other hand, an increase of the nitrogen 

content leads to an decrease of these parameters. 

 The composition of single Al2O3:W layers, deposited on Cu foil was analyzed by RBS as 

shown in Fig. 3. The RBS spectra suggest an O/Al ratio of 1.5. Similar compositions were 

obtained by EDS. The structures of the different layers analyzed are indicated in table 1. 

 The single layers used to build the absorber coating (HA and LA layers) were also deposited 

with thicknesses between 700 and 900 nm and analyzed by XRD. The results are shown in Fig.4, 

where the XRD patterns of Al2O3:W cermet layers, deposited on polished stainless steel, are 

shown in Fig. 4a and the XRD patterns of AlSiN and AlSiON layers, deposited on glass, are 

shown in Fig.4b. The XRD measurements were performed with an incidence angle of 3º, and in 

all cases a broad peak is present. In Al2O3:W layers (Fig. 4a) the broad peak is around 2θ=40º, 

which could be assigned to (110) planes of bcc W lattice. The intensity of the broad peak 

increased with tungsten volume fraction (f), but the FWHM of about 7º, indicates that both, W 

and Al2O3, are amorphous. The other peaks, referred by S, correspond to the stainless steel 

substrate. The broad peak present in the diffractograms of the AlSiN and AlSiON layers (Fig. 

4b) is the same seen for glass substrates, which indicates those layers are XRD amorphous.  

 
3.2 Multilayers 

 

 Four multilayer stacks were built using a polished stainless steel substrate, a back reflector 

(W), a double-cermet film structure (CM1 and CM2) or an AlSiN high absorption layer together 

with an AlSiON low absorption layer (SAON1 and SAON2 multilayers) and an antireflection 

layer (Al2O3 on CM2, SiO2 on CM1 and SAON1 and AlSiOx on SAON2). SAON1 individual 

layers were deposited in static mode, while SAON2 single layers were deposited in rotation 

mode. Sketches of these multilayers are shown in Fig 5, where CM1 and CM2 multilayers, are 

those based on AlO3:W cermets and the SAON1 and SAON2 are based on AlSiN/AlSiON 

bilayers. In each sketch the individual layers used in each multilayer stack and their thicknesses 
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are described. The stacks were deposited on stainless steel substrates without breaking the 

vacuum, adjusting the deposition time for the individual layers in order to obtain the thickness 

values  coming from the numerical stack simulation. The  SiO2 layer was deposited in another 

chamber, which means that, in these cases the vacuum was broken after the deposition of the 

first three layers.. In Fig. 6 the total reflectance of the four stacks CM1, CM2, SAON1 and 

SAON2 is shown. CM2 and SAON1 are thinner than CM1 and SAON2, respectively, and that 

shifts the step on the wavelength scale to lower wavelengths, which has a strong effect in the 

emissivity values. CM2 has lower absorptance (92.5 %) but also significantly lower thermal 

emittance at 400 ºC (7 %). SAON1 and SAON2 present an absorptance of 94 % and a thermal 

emittance of 8 % and 9 % (at 400 ºC), respectively.  

 SEM images of CM1 and SAON1 are shown in Fig.7a and 7b, respectively. In both stacks, 

the first layer (W layer) shows a morphology that suggests a columnar growth (XRD analysis 

reveals they are polycrystalline). The top layer (AR layer) shows a featureless morphology 

(XRD analyses show an amorphous layer). The layers between the AR layer and the W layer, as 

shown in Fig. 7, are almost featureless, and XRD does not show any additional peaks. The 

contrast between the two different cermet layers and between the AlSiN and AlSiON layers is 

very small, and it is not resolved in the SEM pictures. The thickness of the intermediate layer 

shown in the SEM pictures corresponds to the double layer structure, being the 126 nm layer 

from CM1 absorber coating (Fig. 7a), which corresponds to the sum of the thicknesses of 

HA+LA layers indicated in Fig. 5 (68+47 nm), while for SAON1, the 84 nm layer (Fig.7b) 

corresponds to the layers with 46 and 42 nm. All layers of the SAON1 coating have thicknesses 

slightly lower than expected, but this can be justified by the tilt of the sample during the SEM 

characterization.  

 
3.3 Oxidation resistance and thermal stability 

 

 The thermal stability was evaluated with thermal treatments in air at 400 ºC and vacuum at 

580 ºC. Fig. 8 represents the reflectance of coating CM1 as deposited and after thermal annealing 

at 400 ºC in air (Fig. 8a) and at 580 ºC in vacuum (Fig. 8b). The solar absorptance and thermal 

emittance (at 400 ºC) after each step are indicated in the legend of the figure. Thermal annealing 

of CM1 induced a shift of the step on the reflectance to lower wavelengths. This shift resulted in 

a decrease of both solar absorptance and thermal emittance. However, in both cases a change is 

seen after the first step, and only minor changes occur after further steps. For example, the shift 

is visible after 432 h at 400 ºC in air, but additional 2000 h in the same conditions did not induce 

further changes (Fig. 8a). All intermediate steps (not shown) have a profile similar to that 
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obtained for 432 h. This initial shift was not seen in coating CM2, (Fig. 9a), where the spectral 

reflectance did not change after 2496 h at 400 ºC in air and solar absorptance and thermal 

emittance remained practically unchanged. CM2 has an Al2O3 layer as antireflection coating, 

while the CM1 coating has a SiO2 layer prepared by PECVD. SAON1 and SAON2 showed a 

similar behavior, when compared with CM1 and CM2, and again SAON1 has a SiO2 layer 

prepared by PECVD as AR layer while SAON2 (Fig. 9b) has an AlSiOx layer developed by 

magnetron sputtering. The IR reflectance for λ> 4 µm did not decrease, which shows that the 

high reflectivity of the W back reflector remained unchanged, indicating that the W layer did not 

oxidize.  

 In Fig.10, the XRD patterns of CM1 and SAON1 samples are shown as measured in the as 

deposited state and after thermal treatments. The measurements were performed with a fixed 

grazing incidence of 3º. The peak located at 40.0º corresponds to (110) planes of W bcc 

structure. The peaks referenced by S correspond to the stainless steel substrate. These results 

show that the W layer is polycrystalline, while the other layers are X-Ray amorphous (see also 

Fig. 4). After the thermal treatments a very small decrease in the peak-width of the W layer and 

of the stainless steel substrate can be noted, and the other layers continue X-Ray amorphous. The 

grain growth in the tungsten polycrystalline layer is expected. The grain boundaries have an 

excess of energy and the minimization of energy drives the process of grain growth. The increase 

of temperature increases the boundary mobility and thus facilitates the grain growth [32, 33]. 

The other layers did not reveal any grain growth, which also shows its good thermal stability. 

The reduction of the total interfacial energy provides the driving force of grain growth.  

 

4. Discussion 

 Multilayer stacks based on Al2O3:W cermets together with a W back reflection layer and an 

Al2O3 or SiO2 AR layer may form a very effective selective solar absorbing [13]. A similar 

solution can be obtained by a combination of aluminium rich AlSi nitride with an AlSi- 

oxynitride, both with a W reflection layer between the absorbing stack and the substrate and an 

AlSiOx or SiO2 anti-reflection layer. Optical properties (αs and εth) of these multilayer stacks are 

similar to several other stacks proposed in the literature for selective solar thermal absorption 

coatings. Different values of solar absorptance and thermal emittance for coatings of the same 

type, as seen in Fig.8, are related with target diameter (4 inches). This leads to a small region 

where the film thickness is homogeneous, and samples located in different positions in the 

substrate holder can have small changes in the layer thicknesses. Nevertheless, the long-term 

resistance at elevated temperatures in air and in vacuum indicate that the solution based on 

AlSiN/AlSiON bilayers is a very stable coating. During a high-temperature treatment in air at 
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400oC, αs and εs remain unchanged. For comparison, the solar absorptance of the different 

coatings as a function of the annealing time is shown in Fig. 11 for both types of annealing. As 

already seen from Fig.8 and 9, CM2 and SAON2 maintain their optical performance at 400 ºC in 

air (Fig. 11a), while CM1 and SAON1 showed an initial change in the first step, but the solar 

absorptance was maintained for further annealing steps. However, after the thermal annealing at 

580 ºC in vacuum (<1x10-3 Pa), CM1 revealed a slightly better performance than SAON1 and 

SAON2 (Fig.11b). The solar absorptance of sample CM1 remained basically unchanged, and it 

decreased slightly in SAON1 and SAON2. The IR reflectance was only measured in the as 

deposited samples and after all thermal treatment steps. The CM1 sample revealed a small 

decrease in emissivity, while, for other samples, the emissivity remained unchanged or had a 

slight increase. The decrease in emissivity is mainly due to the oxidation of SiOx AR layer, 

which shifts the step on the reflectance to lower wavelengths. The SiOx AR layer was prepared 

by PECVD and it is not fully oxidized. IR transmittance measurements (not shown) also showed 

the presence of some water molecules. A single layer was thermal annealed at 300 ºC in air and 

showed some optical changes after 24 h, but then remained unchanged after much longer anneal 

times. These changes can be associated with oxidation and water vapour release. 

 The AR layer, together with the LA cermet or AlSiON layers, respectively retard oxygen 

penetration sufficiently to prevent the HA layer and W oxidation. As the solar absorptance 

remained almost unchanged, we can conclude that the LA cermet or AlSiON layers, although not 

fully stoichiometric, do not react with the oxygen or other potential contaminants in the air. We 

can obtain a similar conclusion from the emissivity behaviour. εs is very sensitive to an eventual 

oxidation of the W layer. Measurements on pure W [34] indicate an oxidation rate on air at 

400oC which would lead to a complete loss of the W-layer in the 1500 h timeframe. The coating 

design of the three outer layers was performed in order to maximize the absorptance in the solar 

radiation range, but to be transparent to longer wavelengths. As this infrared radiation is 

reflected on the tungsten layer, its oxidation would change the reflectivity properties and thus the 

emissivity. (eq. 2). Thus, the constant εs indicate that no perceptible oxidation of the W occurs. 

 X-ray diffraction results indicate a very minor change in the average grain size of the W-

layer. With these results it is possible to conclude that no significant amounts of contaminants 

diffuse from the stainless steel substrate to the absorbing layers. An appreciable amount of those 

contaminants would cause a decrease of the reflectivity of the W layer, which would lead to an 

increase of the coating emissivity. In same way, the presence of those contaminants in absorbing 

layers would change its optical properties (or equivalently the optical constants n and k), and 

thus would change the solar absorptance. As seen with individual layers prepared with different 

reactive gas flows, a small change in the composition leads to a variation in the optical constants. 



11 
 

The measurements also show that the layers deposited by DC sputtering do not decompose in 

any way. Thus, the optical measurements are very sensitive to any changes in the coating 

composition and the results show that those processes do not occur.  

 The coating based on AlSiN/AlSiON bilayer structure was obtained with an Al:Si ratio of 

2.5:1. Significantly higher Si contents apparently do not add to better performance of the 

material in the form of thin coatings. Higher Si content caused some difficulties in obtaining a 

good solution for the solar absorption αs.  

 The use of different AR layers did not introduce significant changes. In terms of thermal 

stability, SiO2 was used in both type of absorbing coatings with good results, as well as, Al2O3 

on Al2O3:W cermets and AlSiOx on AlSiN/AlSiON based coating. However, SiO2 has a lower 

refractive index than Al2O3 and can, therefore, be more effective for the maximization of 

absorptance. 

 

5. Summary 

 A novel coating for selective absorption of solar radiation based on AlSiN and AlSiON 

layers was fabricated. The multilayer was built with a pure metallic tungsten (W) layer as a back 

reflector, followed by two absorption layers (HA layer and LA layer) for the absorption of the 

solar energy, and by an antireflection (AR) layer. The structures have been simulated by the 

SCOUT software using suitable dielectric function models. The AlSiN and AlSiON layers with 

adequate Al:Si ratio (2.5 to 1) showed good solar selective properties (solar absorptance of 94-

95% and emissivity of 8-9% at 400 ºC), as well as, good thermal stability. The samples with this 

Al:Si ratio, after a heat treatment in air at 400 ºC during 2500 h showed an absorptance change 

of 1%, in average, and an emissivity variation around 0.5%. A heat treatment at 580 ºC in 

vacuum during 850 h promoted a solar absorptance decrease of 3%, while the emissivity 

increased less than 1%. 

 The coating based on Al2O3:W cermet revealed a slightly better performance than those 

based on AlSiN and AlSiON layers, with a similar change in the absorptance in air at 400 ºC 

during 2500 h, but with better performance with the thermal annealing in vacuum at 580 ºC. The 

small changes in the emissivity for these long heat treatments indicate that no perceptible 

oxidation of the W occurs. The small absorptance change is justified by a small oxidation of the 

outer layers. The coatings based in Al2O3:W cermets have been studied in the past [7, 13, 35] 

with good thermal stability and are good candidates to be used in the concentrated solar power 

applications. The coating based on AlSiN/AlSiON layers revealed a similar performance, and 

thus also has potential for those applications. 
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Figure captions 

Fig. 1- a) Reflectance of Tungsten layers deposited on polished and of polished stainless steel 

substrates; b) n and k of Tungsten layers  

 

Fig. 2- Refractive index (n) and extinction coefficient (κ) of Al2O3:W layers as a function of the 

wavelength.  

 

Fig. 3- Representative RBS spectra of two different Al2O3:W thin films, with W volume 

fractions of 0.18 and 0.34. 

 

Fig. 4-XRD patterns of single layers performed with an incidence angle of 3º of: a) Al2O3:W 

cermet layers deposited on polished stainless steel, where f represents the W volume fraction and 

b) AlSiN and AlSiON layers, deposited on glass. 

 

Fig. 5- Sketches of multilayers based on Al2O3:W cermets (CM1 and CM2) and AlSiN/AlSiON 

layers (SAON1 and SAON2), where are indicated the thicknesses of the layers and the metal 

volume fraction in case of Al2O3:W cermets. 

 

Fig. 6- Reflectance of a four layers stack deposited on stainless steel substrates. The solar 

absorptance and thermal emittance (calculated for 400 ºC) of different coatings are also indicated 

in the legend. 

 

Fig. 7- Fractured cross section SEM images of (a) CM1 

(W/Al2O3:W(f=42%)/Al2O3:W(f=23%)/SiO2) and (b) SAON1 (W/AlSiN/AlSiON/SiO2) samples 

deposited on stainless steel substrates. The bottom layer corresponds to W layer, and the top 

layer to the antireflection layer. The intermediate layer corresponds to the double layer structure 

(HA and LA layers), not resolved in figure. 

 

Fig.8 - Reflectance of CM1 coating, in as deposited state and after thermal annealing in air (a) 

and vacuum (b), as indicated in the figure. The solar absorptance and thermal emittance (at 400 

ºC) after each step are also indicated in the figure. 
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Fig.9 - Reflectance of coatings: a) CM2 and b) SAON1, in as deposited state and after thermal 

annealing in air and vacuum, as indicated in the figure. The solar absorptance and thermal 

emittance (at 400 ºC) after each step are also indicated in the figure. 

 

Fig.10 - X-Ray patterns of samples CM1 (a) and SAON1 (b) measured in as deposited state and 

after thermal treatments, as indicated in the figure. The legend indicates the difractograms from 

bottom to top.  

 

Fig. 11- Solar absorptance and emissivity (calculated for 400 ºC) as a function of the annealing 

time: a) at 400 ºC in air and b) at 580 ºC in vacuum for different coatings, as indicated in the 

figure. The lines were introduced only to guide the eyes. 
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Table  
 

Table 1 – Deposition parameters of individual layers used to build the multilayer stack. I1 
represents the current density on W target and I2 the current density on Al and Al(Si) targets 
Layer denomination pAr 

[Pa] 
pO2 
[Pa] 

pN2 
[Pa] 

rot  
(rpm) 

I1 
[A/cm2] 

I2 
[A/cm2] 

deposition 
rate [nm/s] 

W    (static) 0.45 - - - 1.3E-2 - 1.3 
HA Al2O3 (vol. fract. 42% W) 0.45 0.035  15 8.3E-3 6.4E-3 0.4 
LA:Al2O3 (vol. fract. 23% W) 0.45 0.035 - 15 3.2E-3 6.4E-3 0.3 
HA:Al2.5SiNy  0.45 - 0.026 - - 6.4E-3 0.9 
LA: Al2.5SiOxNy  0.45 0.0056 0.032 - - 6.4E-3 0.6 
HA:Al2.5SiNy  0.45 - 0.023 15 - 6.4E-3 0.2 
LA: Al2.5SiOxNy  0.45 0.0051 0.029 15 - 6.4E-3 0.2 
AR: Al2O3 or AlSi1.3Ox 0.45 0.035 - 15 - 6.4E-3 0.1 
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