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Since 2016, providing consultancy service 
for plasma technology development. 

Expert in introducing meaningful Industry 
4.0 components into plasma technologies.

Subject matter expertise in plasma 
coating, ion sources, and plasma gas conversion.

Trusted by some of the most influential 
stakeholders in the industry.

Using COMSOL + own software product 
“MatSight” launched in 2024 (non-competing)
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𝑛୧୭୬ 𝑛ୣ୪

Δ𝑉 = −
𝑞(𝑛୧୭୬ − 𝑛ୣ୪)

𝜀଴ 

𝑛୧୭୬ − 𝑛ୣ୪

𝑛ୣ୪ = 1.0000000 ⋅ 10ଵ଻ mିଷ

𝑛୧୭୬ = 1.0000764 ⋅ 10ଵ଻ mିଷ

𝑛ୣ୪ = 1.00 ⋅ 10ଵଶ mିଷ

𝑛୧୭୬ = 1.00 ⋅ 10ଵ଻ mିଷ



The shortest time scale is sub-
nanoseconds (electron 

dynamics).

Does this imply that the 
simulation time step has to be a 

nanosecond?

So you need over a billion time 
steps to reach steady-state?
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Δ𝑉 = −
𝑞(𝑛୧୭୬ − 𝑛ୣ୪)

𝜀଴ 

Electrons

Ions

Electrostatics



ln (𝑛ୣ୪) 𝑛ୣ୪

𝑉

So what type of challenges have we been using COMSOL for?









Feedstock (silica powder)

Power input (kW range)

Solar grade silicon deposit
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Exothermic / endothermic 
reactions of all species 

(products and reactants)

Feedstock heating

Melting and evaporation

Electron / thermal SiO2

dissociation

Elastic collisions with gas
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But how do we achieve this in an actual industrial furnace?
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Plasma 
model

Supersonic 
flow model

R

L1

L2

phi



𝑇 ≈ 20 000 K 𝑀𝑎 ≈ 3



𝑇 ≈ 20 000 K 𝑀𝑎 ≈ 3
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This is simply not attainable considering any 
reasonable amount of processing power and 

memory.



𝑝େ୓୅୘୍୒ୋ = 1.5 ⋅ 𝑝୔୙୑୔

𝑝େ୓୅୘୍୒ୋ = 1.2 ⋅ 𝑝୔୚ୈ
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2 – 30 cm 1 – 5 cm > 1 mm
for industrial sputter 
systems running at 

some kW

This is solved in COMSOL Custom BC
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∫ Γ୑୲ୟ୰୥ୣ୲
~𝑉

భ

మ ⋅ 𝐼

•

∫ Γ୑ୱ୳ୠୱ୲୰ୟ୲ୣ
~𝛽 ⋅ 𝑉

భ

మ ⋅ 𝐼 𝛽







For both setups, we can trace metal atoms according to the local 
erosion rate and assess what percentage of all sputtered atoms 
makes it to the substrate?
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

Δ𝑝 = 99 999.00 Pa Δ𝑝 = 99 999.90 Pa Δ𝑝 = 99 999.99 Pa








