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1. Introduction
The increase in electricity consumption for cooling buildings in the residential
and office sectors is challenging in summer. Increasing the number of cooling
devices and reducing cooling temperatures for greater comfort in summer, are
among the main reasons for this imbalance. To address this imbalance
challenge, various solutions have been proposed and examined, which focus
on electricity consumption on the one hand and electricity production on the
other. In general, buildings can be protected against environmental thermal
radiation as a passive solution. Heat-reflective smart glasses and spectrally
selective coatings have recently gained attention for their potential to reduce
electrical energy consumption. In this research, theoretical and experimental
investigation of multi-layered coatings on glass has been investigated which
is called spectrally selective glass. The aim was to prevent the entry of infrared
thermal radiation and maintain transparency in the visible spectrum. High
infrared reflectivity and controlling radiation in the visible range can be gained
by spectrally selective glass. The optical properties of thin-film structures
depend on the material type, the deposited layers thickness, and the sequence
of the layers. The principles of multilayer thin film structure theory have been
used for this study.

2. Methodology
In the present study, simulation and vacuum deposition techniques for
fabrication were used. Using the theoretical method of multilayer thin film
structures theory, the three layers of zirconium dioxide/gold/zirconium
dioxide have been simulated on glass. The optical constants, such as the
refractive index and extinction coefficient, were derived from Johnson and
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Christy, as well as Wood. After the optimization, the samples were made by
the electron beam in the vacuum chamber of the physical vapor deposition
system. The UV-Vis-NIR optical reflectivity and absorption properties of a
three-layer structure were analyzed by using a UV-Vis spectrophotometer.

3. Results and Discussion

The results of the simulation show the effect of dielectric layer thickness. The
peak transmittance shifts toward longer wavelengths as the thickness
increases. The control of optical properties such as transmission, reflection,
and absorption are essential for advanced multilayer thin film structures. The
experimental results show a strong correlation with the simulation data. The
simulations show the optimum thickness of the three layers of zirconium
dioxide/gold/zirconium dioxide as a spectrally selective smart glass was about
160/20/160 nm. Also, in the electron beam PVD coating of a three-layer
zirconium dioxide/gold/zirconium dioxide structure with layer thicknesses of
160/20/160 nanometers, the peak transmittance is centered in the visible
spectral range. The NIR reflectance was about 80—90%.

4. Conclusion

The simulations show that this three-layer structure with a thickness of about
160 nm for ZrO2 and a gold coating thickness of about 20 nm is a proper
choice. The sample made in the laboratory for this structure with a thickness
of 160/20/160 nm matches well with the spectrum of the simulated samples.
There is a slight deviation due to experimental error sources. The simulated
and fabricated sample has more than 50% transmittance in the visible spectral
range from 500 to 700 nm. There is a transmittance peak of more than 70% in
the center of the visible range. The transmittance is less than 20% in the near-
infrared spectrum range for the wavelength of 750 nm to 1100 nm. Therefore,
this structure is proper as a reflector of infrared thermal radiation. This
structure is a good spectrally selective glass. It can be used as a smart glass
for radiant cooling purposes.

Keywords: Spectrally Selective Coating, Smart Glass, Thermal Radiation,
Infra-Red, Zirconium Oxide.
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Fig. 4 Refractive index of the zirconium oxide protective layer.
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Fig. 5 Simulated transmission spectra of thin gold films with thicknesses of 4, 7, 8,
10, 12, 15, 20, and 25 nm.
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Fig. 6 Transmission spectrum of the ZrO,/Au/ZrO; three-layer structure due to
changes in the thickness of the gold metal layer from 5 nm to 25 nm.
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Fig. 7 Simulation of changes in the transmission spectrum of the two-layer structure
due to changes in the thickness of the zirconium oxide dielectric layers from 50 to
200 nm.
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Fig. 8 Simulated transmission spectra of thin zirconium oxide films with thicknesses
of 150, 160, 170, 180, 190, and 200 nm.
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Fig. 9 Simulated transmission spectrum of a zirconium dioxide/ gold/ zirconium
dioxide three-layer structure. Fixed thickness of the gold layer (20 nm) and varying
thickness of the zirconium dioxide layers.
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Fig. 10 Simulation of the transmission spectrum of a zirconium oxide/ gold/
zirconium oxide three-layer structure with a constant thickness of the dielectric

layers (160 nm) and varying thickness of the gold layer.
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Fig. 11 The vacuum chamber of the Omega 410 PVD coating system and the
electron gun which was used for coating of the three-layer zirconium
dioxide/gold/zirconium dioxide spectral selective glass sample.
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Fig. 12 Transmission spectra of gold single-layer structures fabricated in the thin
film laboratory with different thicknesses from 4 nm to 15 nm.
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Fig. 13 Transmission spectrum of the zirconium oxide (ZrO,) thin layer fabricated in
the thin-film laboratory with a thickness of 160 nanometers.
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Fig. 14 Transmission spectrum of a zirconium dioxide/ gold/ zirconium dioxide
three-layer structure with a thickness of 160/20/160 nm, fabricated by the electron
beam deposition method.
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Fig. 15 Comparison of the simulated spectra with the experimental sample
fabricated in the laboratory.
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Fig. 16 (right) The160 nm zirconium dioxide thin film on glass substrate, and (left)
The gold layer with thicknesses of 5 and 10 nm.
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