PVD coatings for manufacturing of smart glass

Introduction
More than ever renewable energy has become a point of interest in the international community, with many recognising the need to become more reliant on it and to make the move
away from more traditional energy sources with greater and greater urgency. One of the big concerns regarding renewable energy in today’s age of overpopulation and cramped living,
is the space needed to create effective sources, such as wind and solar farms and how realistic they are. One way to increase the energy harvesting is to incorporate transparent solar
cells into surfaces of high-rise buildings or window panels in individual homes.

Project Aims/Objectives
- To discover how the thickness of different layers of coatings affected the absorption of non-visible wavelengths (UV and infrared predominantly), while ensuring the final products are
still transparent to allow visible light to pass through.
- To achieve the highest combination of transparency and efficiency

Figure 1 — Moorfield nanotechnology nanoPVD
Research Methodology

A photovoltaic cell (pv) converts sunlight into electricity using semiconductor materials. These cause electron flow
when photons from sunlight are absorbed and cause electrons to be ejected, leaving a hole to be filled by the
surrounding electrons, giving the photovoltaic effect. These were the basis of our study. A nanoPVD (nano physical
vapour deposition) machine (Fig 1) was used to coat the glass plates with layers of Silver, for electrical conductivity,
solar & thermal performance, reflective properties; Molybdenum Oxide, a basic semi conductor, through the
absorption would mean the solar to thermal/electricity conversion could be identified; and Vanadium Oxide, once its
reached a critical transition temperature of 68 °C becomes an automatic reversible semiconductor-metal phase
transition (SMT).These were then sputtered onto the glass plates in various thicknesses using the process detailed
below

- The target (the material to be coated with) was placed on the magnetron cathode (Fig 2 (b))
- The substrate (slide to be coated) was placed on the plate at the top of the vacuum chamber (Fig 2 (a))
- A vacuum was formed in a vacuum chamber to reduce gaseous contamination
- Using two vacuums (turbo molecular and backing pump)
- A chamber pressure of 10-3 to 10-2 mbar was needed (1013.25 mbar is normal atmospheric pressure at
sea level for comparison)
- Sputtering gas was then added to the chamber
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Figure 2 — inside Moorfield nanotechnology nanoPVD. (a)
shows the substrate plate and (b)shows the three magnetrons

- High molecular weight gas is needed for this process o)
- In this study Argon was used M) — \
- A cathode was then energized to establish a self-sustaining plasma (@) ’ oal

- This was done through a high voltage between cathode and anode causing the surface of the target to
be eroded by high-energy ions within the plasma

- Sputtering gas electrons then accelerated away from the cathode and collide with atoms of sputtering
gas, causing electrostatic repulsion, thus “knocking” off electrons from the atoms to create ions

- These positive atoms accelerated towards negative cathode, causing high energy collisions with the
target surface

- Each collision caused surface atoms to be ejected into vacuum with enough kinetic energy to reach the
substrate

- Due to the higher molecular weight of the argon gas, more collisions took place

- The liberated atoms produced from these collisions travelled through the vacuum and deposited onto a
substrate thus forming a thing film

The produced glass substrates were then to be analyzed using a UV-Vis spectrometer and Scanning Electron __

Microscope (SEM) with Energy Dispersive X-Ray (EDX) analysis to judge how the intensity of light absorbed by the Anticipated outcomes

two semiconductors Due to issues with the nanoPVD, it was impossible to
complete the sample synthesis. However, the anticipated

] outcome were as followed:
Conclusion and further

Recommendations - As the layer of the semiconductors increased, the

Figure 2 — In conclusion, this is an incredibly important and wavelengths absorbed would increase.
nanoPVD machine interesting area of work, due to its relevant - The transparency would largely remain unaffected due to
in the process of applications in the worldwide climate. MoO3 and VO2 sputtering largely colourlessly.
sputtering titanium Unfortunately, due to unavoidable circumstances - As the layer of silver increased, a higher percentage of
(done as a machine no results were possible to produce and thus no wavelength would be absorbed due to the internal reflection
test) conclusions can be drawn. For further research it of the light.

would be advised to continue with this research, - This would decrease the transparency and render the

but utilize another method of material synthesis. produced TPV cells as unusable in the required format.
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