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1. Ellipsometry measurements of W-WOx films

To achieve target solar absorber coatings by single tungsten target reactive 

sputtering, the evolution of optical properties of W-WOx films were first investigated. 

To this end, WOx monolayers at different oxygen contents were deposited on silicon 

(100) substrates. Ellipsometry measurements were executed to extract the optical 

constants of the aforementioned films. The experimentally determined ellipsometer 

data (amplitude ratio (ψ) and relative phase change (Δ)) were then analyzed by 

CompleteEASE software. Next, the optical constants were obtained by appropriate 

theoretical model at precise fittings. Figure S1 shows the experimental and model 

fitting data of W-WOx films at O2 flow rates of 0, 20, 40, and 100 sccm. The mean 

squared error (MSE) was used to estimate the goodness of fitting between the model 

and experimental data using the following formulas: [1-3] 
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where n is the number of the determined ellipsometer data and m is the number of 

fitting parameters. 

Figure S1. Amplitude ratio (ψ) and relative phase change (Δ) spectra (experimental and model 

data) of W-WOx films at O2 flow rates of (a) 0, (b) 20, (c) 40, and (d) 100 sccm.
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Figure S2. The transmittance spectra of of W-WOx films at different O2 flow rates.

Table S1. Optimized parameters of self-doped W-WOx cermet SSACs.

Layer
Deposition 

pressure (Pa)

Ar flow rate 

(sccm)

O2 flow 

rate (sccm)

Power 

(W)

Thickness 

(min)

Metal W 0.68 60 0 75 42

W-WOx (HMVF) 0.68 60 20 75 27

W-WOx (LMVF) 0.73 60 40 100 20

WOx (AR) 0.88 60 100 100 23

Figure S3. The reflectance spectra of the layer-added W-WOx SSACs.
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Table S2. A summary of the optical absorptivity of reported SSACs. 

Solar absorber
Absorptance 

(α)

Emittance 

(ε)

Selectivity 

(α/ε)
Ref.

Mo/AlCrON/AlCrNO/ACrOx 0.921 0.12 7.675 [4]

W/W-Ni-YSZ/W-Ni-YSZ/YSZ/SiO2 0.927 0.059 15.71 [5]

W/W-Ni-Al2O3/W-Ni-Al2O3/Al2O3/SiO2 0.922 0.057 16.17 [6]

Mo/ZrSiN/ZrSiON/SiO2 0.94 0.060 15.67 [12]

W/W-Al2O3/W-Al2O3/Al2O3 0.925 0.070 13.21 [8]

Zr/ZrC-ZrN/ZrOx 0.85 0.10 8.50 [7]

TiC-WC/Al2O3 0.92 0.11 8.36 [9]

TiAlN/TiAlSiN/Si3N4 0.938 0.099 9.47 [14]

W/WTi-Al2O3/WTi-Al2O3/Al2O3 0.93 0.103 9.03 [10]

Mo/TiZrN/TiZrON/SiON 0.95 0.08 11.875 [17]

W/WAlN/WAlON/Al2O3 0.958 0.08 11.98 [11]

Al/NbMoN/NbMoON/SiO2 0.948 0.05 18.96 [13]

MoSi2-Si3N4/MoSi2-Si3N4/Si3N4/Al2O3 0.92 0.13 7.08 [15]

TiAlC/TiAlCN/TiAlSiCN/TiAlSiCO/TiAlSiO 0.961 0.07 13.71 [16]
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2. Effect of LMVF and HMVF layers on optical properties 

As deposited time of LMVF layer increased (Fig. S4a), the interference peak 

intensity enhanced. Also, the point of destructive interference changed from one to 

two and both peak position and cutoff limit shifted to longer wavelengths. On the 

other hand, as HMVF layer thickness rose (Fig. S4b), the interference peak intensity 

remained unchanged whereas the position of interference peak and cutoff limit shifted 

toward longer wavelengths, and lower reflectance observed in the wavelength range 

of 1000-2500 nm. 

Figure S4. The variation in reflectance spectra of W-WOx SSACs with different absorbing layers. 
(a) LMVF layers and (b) HMVF layers.

Figure S5. (a) XPS survey spectra and (b) O/W atomic ratio of monolayer in W-WOx SSACs.
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Figure S6. EDS elemental maps of W-WOx SSACs (a,c) before and (b, d) after annealing for 100 
h: (a, b) oxygen and (c, d) tungsten.

Figure S7. Comparison of maximum grain size of W-WOx SSACs before and after annealing at 
250 °C in air. The insets show the corresponding 2D AFM images. 
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