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PlasmaSolve

Simulation at the service of coating industry

PlasmaSolve

« Zalozenov lété 2016 nami (PZ, AO, PJ)

« Hlavni mysSlenka byla nabizet simulace plazmovych procesd primyslovym subjektdm. To trva.

« Pochopitelné jsme viibec netusili jak na to, a zacatky tak byly hodné krusné. To bohuzel taky trva.

» Zkouseli jsme leccos: povlakovani, termalni nastfiky, plazmova svitidla, pfenos tepla, kominy ...
» Postupem ¢asu se vynorily dvé zajimavé oblasti: povlakovani a iontové pohony.
« V soucasnosti pracujeme predevsim pro povlakovaci pramysl (PVD, PECVD).

« Pomaluy, ale jisté ziskdvame know-how o iontovych pohonech — velmi zajimava oblast (PJP
H2020)
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Outline PlasmaSolve

Simulation at the service of coating industry

Magnetron
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Magnetron PlasmaSolve

Simulation at the service of coating industry
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Transversal models: 3D magnetic field simulation PlasmaSolve

Simulation at the service of coating industry

CAD to result - B field profile along target surface (or inside the cathode) given the configuration
of coils or permanent magnets

Cross-validation with commercial software
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Transversal models: Target erosion PlasmaSolve

Simulation at the service of coating industry

The problem Erosion depth Numeric Experiment
0.0-25% -
!z.s-s.o
Optimize target utilization in magnetron sputtering 75100
0.0-125%
&l :2.5-:5.0
The tool

Full 3D calculation of magnetic field

+ Monte-Carlo model of electron motion (test electron model)

Lopp, A., Trube, J., Geisler, M., Ruske, M. and Claus, H. (2002),
P-29: Erosion Calculation for Sputtering Cathodes. SID Symposium
Digest of Technical Papers, 33: 309-311. doi:10.1889/1.1830259
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Transversal models: Global models PlasmaSolve

Simulation at the service of coating industry

Current evolution during HiPIMS pulse

The problem
— total current
Composition of plasma in front of the target. 600 — At
— Ti"
The tool — "
400 )
Global models that solve particle balance in the iﬂ
(N
ionization region.
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Transversal models: Collisional cascade PlasmaSO‘Ve

Simulation at the service of coating industry

The problem

&
. . . . . L. . ttered surf t secondary
Determination of sputtering yield and angular distribution RS ARSI E E ol alesron
of sputtered particles.

The tool

A
®
TRYDYN

collision cascade
inside the target

original ion
comes to rest

Anders, André. "Tutorial: Reactive high power

impulse magnetron sputtering (R-HiPIMS)." Journal
of Applied Physics 121.17 (2017): 171101.
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Transversal models: Rarefied gas flow

2.0e+21
I 1.5e+21
le+2]

S5e+20

3.0e+19

nN2 (m-3)

pump port

RN

inlets

2.0e+21]

1.5e+21 1.1 1
E
le+2l <=
S5e+20
4b]
E 0.9 1
4.6e+19 a
—_
= 0.8
Z
ToT
<
0.6 1

PlasmaSolve

Simulation at the service of coating industry
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Transversal models: Sputtered particle transport PlasmaSolve

Simulation at the service of coating industry

The problem
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Transversal models: Micro-scale features PlasmaSolve

Simulation at the service of coating industry

(a) Schematic description

The problem

Film growth and flux distribution in micro-scale features.

The tool

Local refinement with boundary conditions from macro-

scale simulation.

Kwon, Ui Hui, and Won Jong Lee. "Multiscale Monte Carlo
simulation of circular DC magnetron sputtering: Influence of
magnetron design on target erosion and film deposition."
Japanese journal of applied physics 45.11R (2006): 8629.
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Transversal models: Film growth and properties PlasmaSolve

Simulation at the service of coating industry

The problem

Film growth and it’s properties.

The tool

Correlation with expertimental results, various numerical
methods: molecular dynamics, kinetic Monte Carlo, density

functional theory.

Kwon, Ui Hui, and Won Jong Lee. "Multiscale Monte Carlo
simulation of circular DC magnetron sputtering: Influence of
magnetron design on target erosion and film deposition."
Japanese journal of applied physics 45.11R (2006): 8629.




Outline PlasmaSolve

Simulation at the service of coating industry

Pripadova studie:

magnetron se segmentovanym tercem




Case 2: Magnetron sputtering WBC PlasmaSolve

Simulation at the service of coating industry

The problem

Light and heavy elements are transported differently in a typical sputtering chamber.

Sputtering from a composite target (e.g. SiC, WB, BC) or segmented target can lead to multilayer

structure even with multi-axis rotation.
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Case 2: Magnetron sputtering WBC PlasmaSolve

Simulation at the service of coating industry

metal vapour flux [1/ (m~? s)]
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The tool
« DSMC simulation of vapour transport in a realistic —
chamber (Direct Simulation Monte Carlo)
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* Model calculates trajectories and collisions of ,superparticles” o
- Can be used for reactive sputtering as well (together with gas o
flow model) |
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Case 2: Magnetron sputtering WBC PlasmaSolve

Simulation at the service of coating industry

The benchmark
« Composite WBC coating grown from a segmented target, holder rotation switched off

« Hypothesis: tungsten moves more or less balistically, boron and carbon get scattered
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Case 2: Magnetron sputtering WBC PlasmaSolve

Simulation at the service of coating industry

The benchmark
« Composite WBC coating grown from a segmented target, holder rotation switched off

« Hypothesis: tungsten moves more or less balistically, boron and carbon get scattered
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Case 2: Magnetron sputtering WBC PlasmaSolve

Simulation at the service of coating industry

The bottomline

« Simulated thickness and composition agree very well with the measurements
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Nékolik postrehu z praxe,

které nebudete brat vazne

PE2 2019, September 24-26 2019, Zielonka | Page 20



PlasmaSolve

Simulation at the service of coating industry

Ze jsme viibec schopni vydélat simulacema néjaké penize stoji na tfech

faktech:
1. Pouzivame cloudové technologie (Amazon aws)

2. Neprogramujeme si sami nic, pokud to neni nezbytné nutné (vyuzivame

predevsSim open-source knihovny, ale i komercni nastroje)
3. Re&ime konkrétni problémy a dobfe rozumime jim i fyzice, kterou se fidi

4. Se zakazniky nemluvime moc o fyzice, a uz vibec ne o numerice
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PlasmaSolve

Simulation at the service of coating industry
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PlasmaSolve

Simulation at the service of coating industry

Dale je tfeba si uvédomit, ze umét pouze fyziku zdaleka nestaci. Dalsi

nezbytné schopnosti:

1.

2.

4.

Jednani a komunikace (schlizky, emaily, cenovky, navrhy projekt()

Prezentace a jazykova vybavenost
Vedeni projektd, tymova prace

Planovani projektu a financi, marketing
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PlasmaSolve

Simulation at the service of coating industry

Pokud premyslite, ze byste také chtéli podnikat, tak se zamyslete predevsim nad
nasledujicim:

1. Mate konkrétni predstavu o sluzbé/produktu a predevsim o problému, ktery
chcete resit? V ¢cem presné je pridana hodnota?

Jak velky je trh pro vas produkt/sluzbu? Kolik tim kdo usetri?

Jste pripraveni nést vsechna rizika a zodpovédnost?

Nezakladejte s.r.o., dokud to nebude nezbytné nutné!

Je opravdu vas soucasny plat tak nizky?

o ok~ w0 D

Je osmihodinova pracovni doba vazne tak dlouha?
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Studentska praxe HETN NI

Simulation at the service of coating industry

Praxi nabizime studenttim:

1. Pro studenty bez zkuSenosti stdaze (nau¢ime simulace)

2. Pro studenty se zkusenosti brigady, po vyzkouseni uvazky
Hodi se:

1. Programovat v Pythonu (pfipadné c++), zaklady numeriky
2. Umeét fyziku (plazmatu)

3. Chut se uéit novym vécem

4. Specificky smysl pro humor

+ Specialné hledame ucenlivou sebevédomou clovéka na pozici COO/project manager
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Simulation at the service of coating industry

Diky za pozornost!

Diskuze




