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Introduction

ML-aided Modeling Summary

Plasma Modeling
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• Language : C, Tcl/TK, VTK
• Source : TCP/ICP
• Model :

• Fluid model
• Non-local heating model
• Cylindrical 2D geometry
• Ar plasma



• Fluid equation + Boltzmann equation
• 3D Polyhedral mesh
• Finite volume method
• C++, VTK
• Bulk and surface DB





Primitive object

Composed object
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COMSOL Multiphysics Plasma module user’s guide 5.2a

• Improves linearity between independent and dependent variables
• CCP 1D discharge  reduce grid dependence of results



Hammond et al, J. Comp. Phys. 176, 402 (2002)



• Bulk and surface chemistry data base (DB) are necessarily required to compute the plasma parameters.
• High reliable DB is closely related with accuracy enhancement of simulations.



Software Key DB

CFD-ACE+ Ar, SiH4/O2/Ar, NF3/Ar, C2F6/O2, CF4, Cl2, He, Ne, N2, O2, Xe, SF6/O2

COMSOL Ar, He, Hg, O2

VizGlow
Ar, He, Xe, H2, N2, O2, Ar/O2, Ar/O2/H2, CF4, C2F6, C4F8, CHF3, 
CF4/O2/He, C2H2/Ar, HBr, SiH4/N2, NF3, NH3/N2/H2/Ar, NF3, NF3/O2, 
SF6/O2, BF3/Ar

QuantemolDB

N2/H2, Ar/H2, O2/H2, SF6/O2, CF4/O2, CF4, CF4/O2/H2/N2, C4F8, SiH4, 
SiH4/NF3, Ar/O2, Ar/O2/C4F8, SiH4/Ar/O2, Ar/Cu, Cl2/O2/Ar, Ar/BCl3/Cl2, 
Ar/NF3, CH4/H2, C2H2/H2, CH4/NF3, H2/O2, CF4/CHF3/H2/Cl2/O2/HBr, 
SF6/CF4/O2, Ar/Cu/He, Ar/NF3, SF6/CF4/N2/H2

K-SPEED Cx1Fy1/Cx2Fy2/CHxFy/O2/Ar, NF3/Ar, SiH4/O2/Ar

https://www.quantemoldb.com/chemistries/all-chemistries, http://esgeetech.com *This information may have been updated



• APMS (appearance potential mass spectrometry) method and the microwave cut-off probe
• Reducing the back-ground noise inside the QMS by using a chopper (W. S. Chang et al, to be published)

Singh et al, J. Vac. Sci. Technol. A 18, 299 (2000)
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D. C. Kwon et al, J. Appl. Phys. 109, 073311 (2011), S. S. Kim et al, J. Korean Phys. Soc. 52, 300 (2008)



• Optimized the rate coefficients for heavy particle reactions excluding electron collisions.
• Numerical optimization (Random sampling, Newton, Secan, Broyden-Fletcher-Goldfarb-Shanno, etc.)





@ 20 mTorr @ 2000 W

center edge wall probe



S. Y. Chung et al. (KISM2022, Busan), Y. G. Yook et al. (KISM2022, Busan)

6 inch oxide wafer
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VI Probe

OES

ML

CHEM-global Sheath model

AI-OES

, ,j j fn  IED

Surface model

,e en T

Bridge between meter and nano scales 



species Self-consistent CHEM-global

N 1.51661013 cm-3 1.51641013 cm-3

N2
* 7.38271012 cm-3 7.38151012 cm-3

N2 4.64401014 cm-3 4.64321014 cm-3

N(2P) 6.96231011 cm-3 6.96031011 cm-3

N(2D) 1.31431012 cm-3 1.31411012 cm-3

N2
+ 6.05941010 cm-3 6.05951010 cm-3

N+ 2.4852109 cm-3 2.4850109 cm-3

e 6.30801010 cm-3

Te 2.9531 eV

Calculation time 161 sec 0.001 sec

@ N2 80 SCCM, 15 mTorr, 500 W

input parameters
for CHEM-global 
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operation
conditions

governing
equations

plasma
parameters

plasma
parameters

ML
prediction

operation
conditions

global model

predictions

• Training plasma parameters on operations  prediction 
of plasma parameters

• Accuracy is not always proportional to the number of 
hidden layers 



plasma 
parameters

ML
prediction

operation
conditions

plasma
parameters

governing
equations

operation
conditions

predictions

global model

• Inversely, training operation conditions on plasma 
parameters

• Prediction of operation conditions for a target plasma



• Prediction errors  data set variation
• Sensitive species on input conditions  error 
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• Predicted values  set to be initial values
• Improved computational efficiency



O+

simulation prediction

O+ O2
+ O2

+

simulation prediction

- Z-score normalization for input data
- Log normalization for output data 
- Train type : Bayesian regulation (Trainbr) 
- Train network : feedforward net
- Activate function type : rectified linear unit (ReLU)
- Hidden layer : n[1] = 20, n[2] = 20, n[3] = 20

Conditions :
- Ar/O2 total 250 sccm
- O2 flow rate = 0.3, 0.4, 0.5, 0.6, 0.7 scccm
- Power = 100, 120, 140, 160, 180 W
- Pressure = 10, 20, 30, 40, 50 mTorr

Choe et al., ASCT (to be published)

UT1. O2 0.2 sccm, 60 mTorr, 200 W UT2. O2 0.8 sccm, 60 mTorr, 200 W
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M. Raissi et al, J. Comput. Phys. 378, 686 (2019), Lu Lu et al, arXiv:1907.045202, https://towardsdatascience.com/, https://en.wikipedia.org

• Intersection of the traditional physics model and the purely data-driven neural network approach.
• Physical parameters are can be obtained without solving governing equations directly.
• DB (required), discretization (partially unnecessary)  lower barriers to entry into simulations



- Forward problem, Normalization
- Naive PINNs  Learn only some variable  SALB (self adaptive loss balance) loss function

E. G. Thorsteinsson and J. T. Gudmundsson, Plasma Sources Sci. Technol. 19, 015001 (2010), Z. Xiang et al, Neurocomputing 496, 11 (2022)



- Inverse problem to find rate coefficients 

E. G. Thorsteinsson and J. T. Gudmundsson, Plasma Sources Sci. Technol. 19, 015001 (2010)



- Normalization, SALB + PINNs
- 1D DC discharge problem

H. J. Kim et al, J. Krean Phys. Soc. 51, 633 (2007)





• This talk introduces our group’s simulator and database development status and the results of 
applying machine learning technology to plasma source monitoring and simulations

• Get helps from NNs when prediction and optimization are needed
• Fill in the blank with NNs





V. I. Kolobov, Comput. Material Sci. 28, 302 (2003)
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COMSOL Multiphysics Plasma module user’s guide 5.2a





S. V. Patankar, Numerical heat transfer and fluid flow
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E Γ

E
E Γ u E ΓE

Case 1; full momentum equation
Case 2; full effective electric field
Case 3; Ignoring the third term on RHS
Case 4; Ignoring the second and third terms on RHS
Case 5; without the effective electric field

Y. Lee et al, Curr. Appl. Phys. 42, 31 (2022)
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K.-U. Riemann, Phys. Fluids 24, 2163 (1981)

Riemann obtained the IEDs at the 
chamber wall by solving the 
Boltzmann equation



D. Choi et al., Nanoscale 13, 10356 (2021)







https://webbook.nist.gov/cgi/inchi?ID=C75730&Mask=200#Mass-Spec

3CF 

2CF 

CF 

4CF F 

Mass Spectrum (electron ionization)

isotope





Neural net (regression)

ne, Te measurement

OES

QMS

optimization

DB

NNs or PINNs

numerical model

hybrid

plasma source simulation


