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• We all have PVD machines that are expensive

• Access to these machines is limited

• Developing a product is time consuming and expensive

• Product properties are not always well understood

• Coater design takes also times
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Current situation

Fast and versatile Virtual 

Coater

https://www.incosol4u.com/modeling-and-simulation
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Virtual Coater: fast algorithms & easy to use (800 lic.)

www.incosol4u.com slu@incosol4u.com

http://www.incosol4u.com/


Virtual Coater

• « 2D substrates »: validated
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Virtual Coater

• « 2D substrates »
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Virtual Coater

• What about 3D substrates ?
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Reactive magnetron sputtering dep. on buckypaper 

Si flat substrate C Buckypaper substrate

Studied Substrates:

• Comparison flat substrate VS buckypaper

• 3D simulations (500nm x 3nm x 400nm)

• Scale: 1:1 (1 atom = 0.2 nm)



sample

magnetron

Deposition process:

• MeN deposition by RSD

• rotation of the sample (>3000 loops)

Reactive magnetron sputtering dep. on buckypaper 



Virtual Coater simulation

of a Me film

Add the atom to this 

column

Add the point to the highest 

weighted column (random 

between equalities)

Continue with the next atom

No 

neighbours

Neighbors 

from the 

same

column ?

Neighbors 

from

different

columns

History

(deposition

relocating) Column

identification Based on the nearest

neighbors

(deterministic method)

Create a new column

…
Aurélien Besnard / Noé Watiez

How to visualize Columns ??? 



Reactive magnetron sputtering dep. on buckypaper 

Virtual Coater
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Target : Cr target, dimensions 35 x 7 cm

Pressure : 0.67 Pa (5 mTorr)

Target-substrate distance : 16 cm

Trajectory : Static position

Number of magnetrons : 1

300x300x400: 1 atom = 100 µm
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Deposition on 3D mm sized parts 



Target : Cr target, dimensions 35 x 7 cm

Pressure : 0.67 Pa (5 mTorr)

Target-substrate distance : 16 cm

Trajectory : 1-fold rotation

Number of magnetrons : 1

300x300x400: 1 atom = 100 µm
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Other cases
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Real foam : 2.5mm   ;    1 atom ≈ 10 µm

30° tilt, 5 osc/s 60° tilt, 5 osc/s 90° tilt, 5 osc/s

Cu

465 atoms : 12 µm / 1 atom ≈ 40 µm  



• What is the effect of the moving strip speed and the deposition rate ?

• What is the effect of pressure ?

• What is the effect of strip temperature ?

• What is the effect of source divergence ?

We helped the 

customer to 

understand the 

following:

Other cases
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Other case
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/!\ the colors only represent columns… 

not orientations.

TKD analysis on a FIB slice

1 at = 4 nm
Cr deposited on 316L particles

100 µm

Courtesy Prof. A. Besnard, ENSAM, Fr



Summary

Case 1 atom ≈

Bucky paper 2x10-4 µm

Zn defects on Steel 1 µm

Foam 10 µm

Cu defects on Steel 40 µm

Metallic profile 100 µm
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• We all have PVD machines that are expensive with a limited access.

• Easy to use and FAST PVD virtual coater is a nice to have

• Our Virtual Coater is fast because it includes fast algorithms related to gas phase calculation and 

film growth. 

• It reproduces very well film growth in several circumstances (coating configuration and process) 

with the following assumption:

Properties = f(material deposited / energy and angular distribution / substrate temperature & 

morphology)

• Here, we add: our atomistic simulation method can produce realistic simulations on a 

scale of 1E6 whether it is 1D, 2D or 3D. !

• The only main limitation know today is hidden surface facing the incident direction



Many Thanks

 slu@incosol4u.com / www.incosol4u.com
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