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Make Your Plasma Equipment Smart
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Plasma E. I. Convergence Research Center (2020.11.1)
Advanced Process/Equipment Control Module
4 National Institutes and 14 Universities with device making industries

Demonstration with Industry
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Automatic Response Control by 
New Sensor based Integrated 
Methodology

M/L Based Process Recipe 
Optimization

Automatic Control of 
Equipment Error and Abnormal 
Event



Process/Device
Control

(Tuning Knobs → to system)

Equipment Intelligence Module
(Main Products)

Machine Learning
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Prediction of VM based response M/L based process optimization



Best Practices : Plasma Nitridation Equipment/Process

① Parameter monitoring Tech. for SiON thin film characteristics
➔ plasma uniformity, electron temperature & density, ion flux ⋯

② N doping concentration control for SiON
➔ Power, Gas Pressure, ⋯

③ Device reliability
➔ Process Management, R&D-Demonstration Gap, ⋯



Data-Driven Process Analysis

 Measured plasma parameter = PN process

Total N Flux (ave.)

3min

XPS, Ell ipsometry analysis

Bu
lk

to
 Su

bs
tr

at
e

Nitridation process data @ wafer surface

 𝑛𝑛e(CP), 𝑇𝑇𝑒𝑒, 𝑉𝑉f, 𝑉𝑉p, 𝐼𝐼isat(LP), 
𝑁𝑁+, 𝑁𝑁2+(Ion species mass & energy @MEA1, MEA2)

 Monitoring data : OES (𝜆𝜆 = 200~1,100 nm , R ≥ 0.5 nm)

 VI Probe ( VI1(@antenna), VI2(@sub.)) : 
15th harmonic components (voltage, current, phase, phase harmonics)

Plasma Parameters & Monitoring Data



VI probe Data vs. Plasma Parameters OES Data vs. Plasma Parameters

Data-Informed Results

Plasma parameter

Plasma para. Vs. N% (Process Results)

Key Control Knob @ Device

OES Data vs. THK Data (Process Results)



Data Science.COM

Data-Driven  ➔ Data-Informed  ➔ Data-Inspired 



What is the variable 1, 2, and 3 in the 
process reaction and the list of root causes?

VM performance based on the various 
AI models

ELM : Extreme Learning Machine

L Puggini et al., EAAI 67 (2018) 126-135.
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Power absorption

Gas mixing ratio

Vacuum and exhaustion

Wall contamination

ESC aging

To control the process reaction 
rates, we have to deal :

And to solve the problem during the 
processes, we have to find the root 
cause :

 But, AI alone can not give us the answers, especially for the 
plasma-assisted processes.

It is Difficult  by AI Alone !

And, AI DOES NOT give us 
the answers to this 

question !



Plasma Physics should do :

(1) Define of the problem
(2) Approach to the solution

Plasma 
Reactor

Sensor 1

Sensor 2

Sensor N
…

VM
(Virtual Metrology)

Process 
controller

Big Data Pool
(EES / OES)

Feedback / Feedforward control logic

Statistics
(AI Algorithm)

f3

And, How to make f3, the process control logic based on the 
analyzed root causes of the each problmes?

ne, nj
Te,eff, f(εe)
Γion (εion, θin), Γj
s(Tsurf), D(Tsurf)

RF power
Pulsed power
Gas species
Pressure
Zonal heating & cooling
…

Plasma Reactor

Complicated 
operating 
condition

Controlled Process Results

f1

f3

f2

How to Translate the BIG DATA 
to the Plasma Processing Engineers?

?
Variable 1
Variable 2
Variable 3

…
Variable N

WHO can give us the answers?

https://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjV-KzbmoHPAhWCLpQKHQQHDDIQjRwIBw&url=https://www.linkedin.com/pulse/stop-talking-big-data-start-thinking-smart-steve-blakeman&bvm=bv.131783435,d.dmo&psig=AFQjCNHP1drV6_XpQB2takUqonVerTQ1hQ&ust=1473473470767427
https://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjV-KzbmoHPAhWCLpQKHQQHDDIQjRwIBw&url=https://www.linkedin.com/pulse/stop-talking-big-data-start-thinking-smart-steve-blakeman&bvm=bv.131783435,d.dmo&psig=AFQjCNHP1drV6_XpQB2takUqonVerTQ1hQ&ust=1473473470767427


Variable 1
Variable 2
Variable 3

…
Variable N

Plasma Parameters
Process Device Parameters

Make Smart Index from the BIG DATA pool which 
includes information about the plasmas!

Translation of the BIG DATA to the Plasma Processing Engineers
WHAT we have to do?

n+, ne

Key Control Knob @ Device
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G-H Kim, J Shinagawa et al., 2022 Rev iew of Data-Driv en Plasma Science

Domain knowledge 1

What is required?
Domain knowledge 2

How to obtain?

Glass (or wafer)

Plasma
• Chemistry
• Ion & neutral flux

Sensor A

Sensor B

Sensor N

…

Equipment Data : 
Pressure / Flow / RF / 

Exhaustion / Cooling / etc.

Pre-process VM or Classification 
model building data flow

Booster pump current

TMP current

V/V open ratio

Sensor / Equipment Variables

Parameterization 
to the efficient index 
for AI modeling

Data-driven enhanced physics model

Physics-based data-driven analysis model

 Better sensitivity and the 
tolerance to the noise

 Lighter computation  

Various Strategies of the Translation for Plasma Processing Engineers



Model Bound
(Purely Theory Based)

Model Free
(Purely Data Based)

Model Adjusted
(Physics Based Data Driven Analysis Model)

Take advantage of data science + Includes physical understanding/constraints

Allowing for data driven understanding of complex plasma equipment/process system



 ICP : 450mm ×100mm 
(Single & Dual zone antenna)
 RF(13.56 MHz) : 400~800 W
 Gas: N2, 10~30mTorr

𝑇𝑇e, 𝑛𝑛eMonitoring module

On-Board Memory
Ethernet +

Plasma Electron Temperature (𝑇𝑇𝑒𝑒) Monitoring
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Plasma Electron Density(𝑛𝑛𝑒𝑒) Monitoring
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Real time plasma parameter (𝑇𝑇𝑒𝑒 ,𝑛𝑛𝑒𝑒) monitoring sensor for plasma nitridation process 
equipment ➜Plasma parameter analysis algorithms are embedded in H/W

AI-OES Sensor
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OES

VI Probe

0D Simulator

Real time monitoring module for plasma parameters (𝑁𝑁2+,𝑁𝑁+,𝑁𝑁2 ,𝑁𝑁2∗,𝑁𝑁 2𝐷𝐷 ,𝑁𝑁 2𝑃𝑃 )
➜ based on 0D Simulator (Uncertainty < 1%, Calculation time <1 sec)

➜ plasma potential & Ion Energy Distribution Function(IEDF) monitoring

N-ion & Radical VM(Virtual Metrology) Module



OES

VI Probe

0D Simulator

Surface Simulation 
Module

3D Process 

Module

Near real time (<10sec) monitoring module of N % concentration as a oxide 
position and process time (Uncertainty < 24%) ➜ near real time N% map

N% VM(Virtual Metrology) Module





o Sensor data monitoring
o Plasma parameter monitoring
o (Virtual Metrology) 

Plasma parameter & process result
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Prediction of VM based response ⇄M/L based Process Optimization





R&D Summary
R&D flow
Results

Physics-based data-driven approach for plasma equipment 

Make Smart Index from the BIG DATA pool which 
includes information about the plasmas!
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