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Reactive gas pulsing process for SiOxNy antireflective coatings: from material
synthesis to simulation of optical properties

Amira Farhaoui

1

, Joël Cellier 

1

, Eric Tomasella 

1

, Angelique Bousquet 

1

, Antoine

Moreau 

2

, Rafik Smaali 

2

, Emmanuel Centeno 

2

1

Institut de Chimie de Clermont-Ferrand, clermont-ferrand, France 

2

Institut Pascal,

Aubière, France

amira.farhaoui@univ-bpclermont.fr

From the first generation to the thin film solar cell generation, the decrease of active

layer thickness reduces the light absorption. The simulation of the entire cell’s optical

properties is becoming crucial and the addition of an optimized antireflective layer is

an interesting way to overcome this effect. Our challenge is to explore powerful and

economical routes to develop complex antireflective systems for thin film Si-based

solar cells using reactive sputtering, a cheap and well-controlled industrial process.

We are currently focusing on the deposition of multilayers and gradient layer using

only one target sputtered. In this work, we investigate the control of thin film refractive

index via tuning the elemental composition of SiOxNy layers deposited by

radiofrequency magnetron sputtering, using a pure silicon target and an Ar/O2/N2

atmosphere. In a first step of our work, monolayers of SiOxNy were obtained: (i) by

using various reactive gas (O2 and N2) flow rates and (ii) by pulsing the injected O2

flow rate with different parameters Ton and Toff. After a deep study of the process by

Time Resolved Optical Emission Spectroscopy, we identify sputtering regimes. We

demonstrated that by both methods we are able to deposit SiOxNy films with an

elemental composition ranging from an oxide to a nitride (determined by RBS). Their

structure was also analyzed by FTIR and XPS. Moreover, studies by spectroscopic

ellipsometry and UV-visible absorption spectroscopy showed that this control of film

composition leads to a control of their refractive index and also their optical gap. In a

second step, several multilayers and gradient layers were optimized from

electromagnetic models and were deposited by changing the pulse parameters (Ton

and Toff) during film growth. RBS, GD-OES and ellipsometry techniques allow us to

investigate the agreement with gradient optimized by numeric simulations.
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