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Multi-scale modelling of TCO coating deposited 
by reactive magnetron sputtering:

application to structured c-Si thin film solar cells

Conclusion: In this work based on the numerical modelling of atomistic deposition by reactive sputtering of

AZO on a structured substrate, a full characterization process was performed to estimate the electrical and

optical properties of a crystalline silicon solar cell using this AZO coating as a front transparent conductive

oxide. Such study pointed the high impact of the substrate pattern on those physical properties, especially

the decrease of the electrical conductivity. Moreover, a global optimization by genetic algorithm was used to

enhance the efficiency of such multi-layered structured solar cells.
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• optimization algorithm inspired by 

the natural selection process

• powerful tool for optimization of a 

large number of parameters (≥3)

• computation for absorbance

spectrum in the active layer (AcSi)

• computation of the short circuit

current:

• optimization by genetic algorithm

optimization of the flat stack

• absorptance spectra of each layer

• optimal short circuit current:
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* with 𝑒 the electron charge, ℎ the Planck constant, 𝑐 the light

speed, λ the wavelength, 𝑆 the reference solar spectral irradiance,

AcSi the absorption in the cSi layer computed by RCWA.
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Applications

• semi-analytic optical method

• solves the Maxwell equations                      

in the Fourier domain to deal                  

with periodic                                    

structures

• based on transfer matrix

computation

• possible to have  access to the electric field 

maps and then to the local absorption
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• effective medium theory based on 

Maxwell-Garnett method:

• finite-elements model
• solve the Maxwell-Faraday equation (hypothesis: near-

absence of varying magnetic field)

• compute the voltage field in the whole structure allowing a

minimal dissipated power

• electrical current intensity in AZO coating
AZO coating electric current intensity (a.u.)
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• effective conductivity
• high impact of the porosity

in the tilted zone

• no evolution after 15nm

note about the a.u. : 1 represents the 

conductivity of a perfectly dense coating

Introduction: Transparent conductive oxides (TCO) present a large range of applications such as optoelectronic devices, especially

transparent front-side contact for solar cells. In this last case, aluminum doped zinc oxide (ZnO:Al or AZO) can be a good alternative to indium tin

oxide (ITO). Our work focuses on a full characterization process of crystalline silicon thin film solar cells structured by periodic inverted pyramids

(wet etching). Such characterization is based on  AZO film growth modelling by kinetic Monte-Carlo,  effective electrical properties and 

optical properties of the AZO coating (respectively by finite-elements and effective medium theory). Finally,  a full optimization by genetic

algorithm, coupled to the RCWA optical tool, is done on the full multi-layered patterned solar cell.

• AZO coating***

• deposition by reactive sputtering on inverted 

pyramids* (wet etched c-Si)

• modelling by kinetic Monte-Carlo**        

(NASCAM software)

• validation: ITO coating

optimization the patterned stack

• absorptance spectra of each layer

• optimal short circuit current:

• Jsc for all parameters investigated by

the genetic algorithm

𝐽𝑠𝑐 = 17.6mA/cm2 𝐽𝑠𝑐 = 24.3mA/cm2

c-Si active layer 

absorption

Jsc**


