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Plasma Enhanced Chemical Vapor Deposision
§ Complex chemistry
§ Translational non-equilibrium
§ Charged species drift
§ Nanoparticles
§ Expensive computations

Ø Need HPC code

Silane radio-frequency (RF) discharges for 
photovoltaic devices [Orlac’h PhD 2017]
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Plasma solver
§ Electron temperature equation
§ Implementation of electron collision kinetics



Base test case: 1D Townsend discharge
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Charged species transport equation (k=e,Ar,Ar+) Poisson’s equation

Drift-diffusion approximation Townsend ionization rate [Ward 1962]

𝛼 = 𝑝 𝐴 exp(−𝐵(𝑝/𝐸)*.G)

Ø The two codes are in perfect agreement (≤ 0.3 %) 3



Electron temperature equation

𝑸; = −𝜆;𝜵ln𝑇; + 𝜌;ℎ;𝑽;

𝜕(32 𝑛;𝑘P𝑇;)
𝜕𝑡 + ∇ " 𝑸; = 𝑱; " 𝑬 + 𝐸̇;R

The electron temperature is needed to compute the reaction rates

Electron heat flux Electric current
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𝑱; = 𝑛;𝑞;𝑽;

Energy exchange
𝐸̇;R = −𝐸STUSV𝜏̇STUSV

Strong translational non-equilibrium
𝑇 ∝ 300 K ≪ 𝑇; ∝ 1 − 10 eVs
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Two-temperature chemistry

ℎ𝑒𝑎𝑣𝑦 + ℎ𝑒𝑎𝑣𝑦𝑒 + heavy
Fast reactions Slow reactions

𝜏̇ = 𝐴 𝑇;gexp(−𝐸h/𝑇;)
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𝜏̇ = 𝐴 𝑇gexp(−𝐸h/𝑇)



Perspectives

Modeling of nanoparticles

Plasma solver

§ Nucleation
§ Coagulation
§ Charging
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§ Validation of electron collision kinetics
§ Coupling with flow and neutral kinetics
§ Implementation of 2D axisymmetric meshing
§ Other test cases: ionic wind, turbulent micro-wave discharges for 

CO2 conversion


