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A World-class Institution in Fusion & Plasma R&D
that is spear-heading the way to national energy independence while 
countering global climate change.

- R&Ds for Core Sciences and Technologies to achieve 
self-sustenance of Fusion Power Plant Technologies

- R&Ds for Spin-off Plasma Technologies 
of Fusion & Plasma Science

KSTAR

Researches and
Operation

ITER DA and
Procurements

R&Ds for

Fusion Nuclear 
Technologies

R&Ds for

Plasma 
Technologies



[Headquarter (Daejeon)]
· Main building with administration
· KSTAR & ITER Project
· Construction : ’10~’13
· Area : 22,035M2

[Fusion Research Center : KSTAR(Daejeon)]

· KSTAR research facilities
· Construction : ’98~’02
· Area : 22,866M2

[Plasma Technology Research Center(Gunsan)]

· Research and administration
· Construction : ’09~’12
· Area : building 7,535m2, Land 16,500M2

NFRI
@ Daejeon 
@ Gunsan

Daejeon

Gunsan
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Development of plasma 
property data

Development of plasma process 
analysis technology

Development of plasma process analysis module

Development of Virtual metrology module

Fundamental Technology Research Division



A+M Database

• DCPP Web Database System
http://dcpp.nfri.re.kr

• Web content
• Collision cross sections
• Rate coefficient
• Electron collision
• Heavy particle reactions
• numerical and bibliographic data
• Evaluation process 

• Total amount of data : 26,518 recodes.
• DCPP web database system is improved by a new 

system that focuses on user convenience. 

• We will plan to add plasma-surface reaction data end of 
this year.
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Site Statistics
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database recode

Chemical properties 660건

Cross section 69,371건

Rate coefficient 32,230건

Evaluation 860건

Sputtering yield 60건

International group evaluation 

(published)

H2, D2,DH, CH4, C2H2, NF3,

N2O, NO, NO2

Complete set DB C4F6/C4F8/CH2F2/O2/Ar

HBr/Cl2/Ar, NF3/Ar

Numerical data summary



Func. Total Search

• Total Search
• Search by species name
• Search by specifying a specific item such 

as collision, surface, thermodynamic 
data

• Classification of search result by process
• Detail items

• Chemical reaction info.
• Graph (possible to compare the 

different values) 
• Numerical data
• Article info.
• Text type of info.
• Xsams document download
• Uncertainty info.
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Func. Thermodynamic data Search
• Thermodynamic Data Search

• search results of Structured Formula
• Data generated by quantum chemical calculations 

and data created by Fitting 
• Search available : C3F2, C3F3, C3F4, CF4 (45 count)
• Detail items

• xyz-coordinates
• Adiabatic Electron Affinity (AEA)
• Vertical Electron Affinity (VEA)
• Vertical electron Detachment Energy (VDA)
• Vertical Ionization Potential (VIP)
• Adiabatic Ionization Potential (AIP)
• Polarizability
• Thermodynamic Data (Raw)
• Thermodynamic Data (Fitted Equation)
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C3F2 (View details)



Func. Surface data Search

• Surface Data Search
• Search by species name (Currently only 

Sputtering Yield possible)
• Search available : Ar, Kr, Xe (45 count)
• Other checkable items besides the basic 

search results
• Sputtering coefficient (Theory only)
• Surface critical energy (Theory only)
• Incident particle energy
• Incident particle angle
• Sputtering yield numeric data
• Sputtering yield uncertainty

• Upcoming Items
• sticking coefficient, adsorption 

coefficient, diffusion coefficient
15
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Xe (Surface Reaction, Sputtering Yield)



AMBDAS Update
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• Maintenance of Bibliographical Data on Collisional  
Processes (AMBDAS).



Job Time 2014 2015 2016 2017 2018 2019

Search 
period

2009 ~2012 2013 2014 2015 2016 2017 2018

Number of 
searches

2 weeks 3631 1138 1181 1150 1054 1237 1283

Filtering (1st) 2 weeks 2993 739 814 751 844 1008 1071

Filtering(2st) 2~3 months 2863 527 627 549 600 720
690

(334)

Expert 
Reviews & 

update
1 months 433 407 248 184 293(210) 179(178)

• First we collected articles through complex keywords.
• After that, I filtered the duplicate collection and canceled it if there was no data.
• So we got the following result



2018
(2017)

2019
(2018)

Electron 115 117

Photon 14

Heavy particle 88 40

Structure/
spectra 59 21

particle-matter . 9

Data 
Compilation . .

Bibliography . .

positron 12 .

Null 5 .
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Study of Fundamental 
Properties about Atomic and 
Molecular

• Molecular structure, Physical and 
Chemical parameters

• Electron collision processes with A + M
• Plasma properties of A+M
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Basic 
properties

Reaction

MOLECULAR DYNAMICS (2020)

Surface 

10/1/19 22

Theoretical Measurement



Molecular structure, Physical and Chemical 
parameters

• The fluorocarbon molecules (FCs) have been widely used for 
plasma processing in the semiconductor industry for various 
applications.

• The plasma assisted oxide-etch technology depends on the 
use of FCs to achieve the required profile control and etch 
selectivity to mask and etch stop layers.  

• A deep understanding of all possible reaction of FCs and 
their fragments in plasma is required to make technological 
progress.
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Fundamental Physical Property Data
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Target 
Compound CxFy, CxFyHz, CxFyXz (X=O, Cl, Br, I), NxFy, … 

Fundamental 
Physics Data

Kind of Data :
Molecular geometry, Internal energy, Electron 
affinity, Ionization potential, Polarizability, 
Specific heat, Standard enthalpy, Standard 
entropy, Orbital energy, Electron binding energy, 
Total ionization cross-section

Number of Data : Over 500

Chemical 
Reaction Data

Kind of Data :
Chemical reaction path, TS geometry, Activation 
energy, Relative energy, 
Reaction rate constant

Number of Data : Over 160

Level of Theory 
applied

Density Functional Theory (DFT), Binary Ecounter-
Bethe (BEB) model, 
Transition State Theory (TST)

Calculation
Program used

Gaussian09, GAMESS, Cfour, 
KiSTheIP(Kinetic and Statistical Thermo-dynamical
Package)

Molecule
IP (eV) α (Å-3) EA (eV)

Exp. Theo. Exp. Theo. Exp. Theo.

CF 9.55 ± 0.01 9.725 2.053 2.119 0.45 ± 0.05 0.524

CF2 11.445 ± 0.025 12.055 2.449 2.450 0.180 ± 0.020 0.255

CF3 10.6 11.041 2.631 2.632 1.7 ± 0.2 1.623

CF4 16.2 ± 0.1 15.699 2.824 2.846 - -

C2F - 11.785 - 4.451 - 3.098

C2F2 (FC=CF) 11.18 11.145 3.542 3.553 - 0.533

C2F2 (C=CF2) - 11.201 - 3.867 2.2550 ± 0.0060 2.317

C2F3 - 11.738 - 4.127 2.06 ± 0.22 2.242

C2F4 10.12 10.276 4.352 4.349 - -0.472

C2F5 10.0 ± 0.1 10.588 - 4.552 1.81 ± 0.15 1.731

C2F6 14.40 13.924 4.838 4.797 - -1.541

2-C4F6 12.76 12.425 7.73 7.063 - 0.885

c-C4F6 - 11.420 7.414 7.362 - 0.566

1,3-C4F6 10.4 9.830 8.345 8.145 - 0.279

2-C4F8 11.1 11.285 - 8.466 0.79 ± 0.06 0.837

c-C4F8 11.6 11.795 - 7.801 0.63 ± 0.05 0.597



Thermodynamic Property Data
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Chemical Reaction path
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V‡ (kcal/mol) Error (%)

Expt. a 35.38

ωB97X-D / avtz 35.44 0.16

ωB97X / avtz 37.67 6.48

B3LYP / avtz 34.38 ‒2.83

PBE0 / avtz 32.56 ‒8.01

CCSD(T) // ωB97X-D / avtz 34.77 ‒1.73

T (K) kexpt (s‒1) a k (s‒1) Error (%)

400 5.025 × 10-8 8.623 × 10-8 3.213

410 1.488 × 10-7 2.570 × 10-7 3.478

420 4.184 × 10-7 7.275 × 10-7 3.767

430 1.121 × 10-6 1.962 × 10-6 4.085

440 2.873 × 10-6 5.060 × 10-6 4.435

450 7.060 × 10-6 1.251 × 10-6 4.823

460 1.668 × 10-5 2.974 × 10-5 5.254

470 3.801 × 10-5 6.815 × 10-5 5.737

480 8.368 × 10-5 1.509 × 10-5 6.280

490 1.784 × 10-4 3.235 × 10-4 6.896

500 3.689 × 10-4 6.727 × 10-4 7.599

510 7.415 × 10-4 1.359 × 10-3 8.410

520 1.451 × 10-3 2.674 × 10-3 9.355

530 2.768 × 10-3 5.128 × 10-3 10.470

540 5.156 × 10-3 9.602 × 10-3 11.803

a Schlag et al., J. Am. Chem. Soc., 86, 1676 (1964) 

Chemical Reaction
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Electron collision processes with Molecules 

• The collision of electrons - atoms and molecules in the reactor is 
an important phenomenon for the generation and maintenance 
of plasma.

• The ionization reaction of atoms and molecules by electron 
collision induces the generation of electrons and ions to maintain 
the plasma. 

• The dissociation reaction of molecules by electron collisions 
generates reactive radicals and ions, and the chemical reaction of 
the active radicals is useful for the plasma process It becomes an 
argument.

• Therefore, it is necessary to understand the reaction principle of 
atoms and molecules in plasma in order to utilize the plasma 
state well in the technical field. 
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t = T / B, u = U / B, S = 4 π a0
2 N (R / B)2

a0 = 0.5292 Å,     R = 13.60 eV

at the HF//ωB97X-D/avtz level

by using the BEB model

B =  electron binding energy, eV
U = average kinetic energy, eV
N = electron occupation number  

BEB Method
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C2Fx(x=1-6), C3Fx(x=1-8) and C4Fx(x=1-8) total ionization

e-C2F6 Ionization: present study Total ionization cross section for C3F8 and C3F6

Correlation plot between maximum 
Qion and polarizability of the targets. 

Total ionization cross section for c-C4F8
Total ionization cross section for C4Fx

(x=1-8) in Å2 with the RHF/UHF orbital 
parameters

ωB97X/avtz combination 
in good agreement with 
recent theoretical data 
whereas HF is good with 
experiment, need for 
more investigation

Gupta et al,  Eur. Phys. J. D (2017) 71: 88



• Theoretical Methodology
ü The well-known ab initio R-matrix method through Quantemol-N  

• Target models
ü The have optimized the structure of CxFy, BeH2, NH using the Density 

Functional Theory DFT (wB97X-D/aug-cc-pVTZ) using the Gaussian 09

31

R-matrix method
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• The unsaturated fluorocarbons (UFCs) such as C4F6 gases with low global warming potential 
(GWP) have been a good replacement for the perfluorocarbons (PFCs) such as CF4, C2F6, and C3F8
gases for plasma etching applications.

• The 1,3-C4F6 isomer can be used for fabricating contact holes in ultra large integrated circuits by 
selective etching processes of silicon oxide (SiO2) on Si and silicon nitride (Si3N4) layers. 

• The calculations of elastic (along with its symmetry components) and electronic excitation cross 
sections by electron impact of the three isomers of C4F6 belonging to the point groups C2, D3d, 
and C2v, respectively, using the R-matrix approach

• We have employed the cc-pVTZ basis set for C and F atoms to generate self-consistent field 
molecular orbitals to construct the target states for all the isomers included in our calculations. 

• All the target states are constructed by including correlation effects in a configuration interaction 
(CI) approach. 

C4F6
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• The shape resonances detected at 2.57, 2.95, and 3.20 eV for c-C4F6, 
1,3-C4F6, and 2-C4F6 isomers are associated with the negative anion 
formation of C3F3

- as observed in the mass spectrometry 
experiments. 

• The Qexc for 1,3-C4F6 and c-C4F6 shows a broad and narrow peak at 
around 9.6 eV, which may be due to the Feshbach resonances 
detected for these targets at the same energy range. 



Potential energy curve of NH Electronic excitation cross 
section for the five low-lying 

excited states of NH

Electronic excitation cross section 
using the R-matrix method and the 
Born approximation for the dipole 

allowed transition. 34

• we calculated the cross secions of low-energy electron impact on BeH2 using the UK 
molecular R-matrix code(Quantemol-N).

• The open-shell radical molecule NH has a natural C1v point group having a bond length 
of 1.958 A ̊ in its equilibrium geometry but used the C2v point group symmetry, which is 
an abelian, the subset of the C1v point group.

• We have used the cc-pVTZ Gaussian basis set for the N and H atoms 
• The cross secion for the 3∏ state is maximum compared the other excited states 

because this is a dipole allowed transiion and all other transiions are spin forbidden, it 
has smaller cross secions. 

• The cross secions for the opically allowed transiion X-A show a rather good 
agreement with the Born approximaion cross secion. 

NH
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Dissociation cross section of NH 
for the dissociation into 

fragments N and H 

Infrared active 0–1 cross section 
for the NH molecule. 

Rotational cross section of the 
NH radical calculated using the 

POLYDCS program

• The 5∑- state is purely repulsive in nature, and its excitation cross section is purely 
dissociative yielding atomic fragments N(4S) +H(2S) 

• Another contribution for the dissociative cross section arises from the excitation to the c 
1∏ state to the dissociative cross section with atomic fragments N(2P) + H(2S).

• The first-Born dipole approximation is used to calculate the infrared active 0–1 vibrational 
inelastic cross section for the NH molecule.

• Excitation of transitions with ∆j =1 is the most likely process which is dipole moment 
induced transition. 
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• we calculated the cross secions of low-energy electron impact on BeH2 using the UK 
molecular R-matrix code(Quantemol-N). 

• The BeH2 molecule is a linear, closed-shell system belonging to the C2v point point group 
symmetry. .

• The first broad peak around 0.45 eV with a width of 0.40 eV in a 25-state calculaion is a 
2Πu shape resonance.

• BeH2 is a symmetric molecule which does not possess a permanent dipole moment so 
rotaional excitaion only involves transiions with ΔJ even. 

• The DEA cross secion shows a peak at around 6.2 eV, and overlaps the threshold for 
the first excitaion energy. This peak in the DEA cross secion is due to the presence of 
the resonance detected in the present study at around 6.2 eV 

BeH2
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• The vertical excitation energies calculated with the present model give excellent 
agreement with the EOM-CCSD calculations. 

• Excitation to the triplet excited states contribute most to the total cross section compared 
to other electronic excited states.
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Momentum transfer cross sections for SE, 1-state, 
5-state, 10-state, 15-state, 20-state and 25-state 
CC calculations. 

Effective collision frequency of the BeH2 

molecule ground state as a function of electron 
temperature.

• Collisional frequencies are determined using the momentum transfer cross section for a 
Maxwell–Boltzmann distribution 
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ü Published papers
• Dhanoj Gupta,  Heechol Choi,  Deuk-Chul Kwon,  Jung-Sik Yoon,  Bobby Antony and Mi-Young 

Song, “Cross sections for electron collision with Difluoroacetylene” J. Phys. B: At. Mol. Opt. Phys. 
50 (2017) 085202.

• Dhanoj Gupta, Kalyan Chakrabarti, Mi-Young Song, and Jung-Sik Yoon” An R-matrix study of 
electron induced processes in BF3, Plasma, Phys. Plasma 24 (2017) 123511. 

• Dhanoj Gupta, Heechol Choi, Mi-Young Song, Kalyan Chakrabarti and Jung-Sik Yoon “Low energy
cross sections for electron scattering from tetrafluoroallene”, Eur. Phys. J. D 71 (2017) 213.

• Dhanoj Gupta, Heechol Choi, Mi-Young Song and Jung-Sik Yoon “Cross sections for electron
collision with fluoroacetylene: a comparative study with acetylene and difluoroacetylene along
with fluorination”, Chem. Phys. Letts. 684 (2017) 333

• Dhanoj Gupta, Heechol Choi, Mi-Young Song, Grzegorz P. Karwasz and Jung-Sik Yoon , “Electron
impact ionization cross section studies of C2Fx (x=1-6) and C3Fx (x=1-8)   fluorocarbon species”, 
Eur. Phys. J. D 71 (2017) 88.

• Dhanoj Gupta, Heechol Choi, Deuk-Chul Kwon, Jung-Sik Yoon and Mi-Young Song* ,“Study of 
electron induced ionization for plasma processing gases: C4Fx (x=1-8) and the isomers of C4F6 and 
C4F8 for plasma modeling”, J. Phys. D: Appl. Phys. 51 (2018) 155203

• Dhanoj Gupta, Mi-Young Song, K. L. Baluja, Heechol Choi, and Jung-Sik Yoon, “Electron impact 
elastic and excitation cross-sections of the isomers of C4F6 molecule for plasma modeling”, 
Physics of Plasmas 25, (2018) 063504  

• Dhanoj Gupta, Mi-Young Song , Heechol Choi, Deuk-Chul Kwon, K L Baluja and Jonathan Tennyson, 
R-matrix study for electron scattering of beryllium dihydride for fusion plasma, J. Phys. B: At. Mol. 
Opt. Phys. 52 (2019) 065204

• Dhanoj Gupta , K. L. Baluja, and Mi-Young Song, “Vibrationally resolved excitation, dissociation, 
and rotational cross sections of NH radical by electron-impact using the Rmatrix method” Phys. 
Plasmas 26 (2019) 063503 



SPUTTERING YIELD 
(2020 ~2023) 

Plasma electron annealing, PEA

40

Experimental Measurement

Measurement of total cross sections 
for electron scattering on atomic and 
molecules using magnetized 
electron beam

Apparatus Ionization threshold spectroscopy 
method

(2018 ~2021)

PMI
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Molecular 
Category

Molecular 
Species

Electron 
Collision 
Energy

Reaction data

Damage 
yield

Charge 
trapping CS

Oligomer 9
10 eV

12

Plasmid 
DNA

7
3, 5, 10 eV

11

Sub-
Nucleotide

5 0 ~ 9 eV, 10 

eV

4 1

Biomolecule-Electron Collision Data

Cylindrical type Biomolecule-Electron Collision Experiment System  Planar type Biomolecule-Electron Collision Experiment System  

MX + e- → [MX]-*; TNI → A +B- : DEA process
Fenton like reaction of Cu ion or quercetin.

Ref. from the website.

In order to study DNA damage caused by electron collisions in a complex bio-environment, we 
are experimenting with attaching desired metal ions, quercetin and anti-splash to bio-model 
molecules.



Plasma Diagnostic 

lWe experimented with mounting types of diagnostic 
devices on the plasma generator to understand the plasma 
state information of the material.

l In addition, the system is being improved to monitor the 
reaction of the surface facing the plasma.

lwe are developing advanced method of plasma monitoring 
and plasma process fault detection  by OES data analysis 
using machine learning

43
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Plasma Diagnostic system



Plasma diagnostics with optical spectroscopy
• Development of optical emission spectroscopic method for process plasma 

300 mm wafer etch process chamber(CCP)

200 mm wafer process chamber(CCP or ICP)

- Correlative analysis with various plasma chamber data and OES
(emission spectrum ~ ne, Te, EEDF, Ei, Mi, VRF, IRF, Etch rate, etc.)

- Optical diagnostics for  à Effect of line-of-sight on OES

- Analysis of plasma-surface(material) interaction à Effect of OES facing material
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Collisional-Radiative model for Ar low-temperature plasma
• Development of Collisional-Radiative model for argon low-temperature plasma based 

on NOMAD code
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liteA #

BSR 441

768

BIAGI 11
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NIST 
VR
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B #
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l A
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C #
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D #
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F #

Model D 7689
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-Plasma source: CCP, ICP, ECR
-EEDF: (Bi-)(Beam-shifted-)Maxwellian,

Dryuvesteyn

NIST, LANL, FAC, Biagi, 
BSR, IST, PUECH, 
NGFSRDW

Experiment data Experiment data

Experiment data

Electron densityElectron Temperature

Completeness ↑ Completeness ↑

Completeness ↑

* NOMAD, Yuri V. Ralchenko, time-dependent collisional-radiative plasma kinetics code for non-Maxwellian plasmas

Sensitivity to the model completeness

Plasma 
diagnostics

Sensitivity to plasma 
source(SNU)



Analyze OES Data Using Machine Learning to Predict Plasma State
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1Collection Data Set
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Conceptual diagram of convolutional neural network

Data collection from experiment system 

- change of power(13 step):  13 different 

density and OES data set}

- change of pressure (32step) : 32 different 

temperature and OES data set

⇨Develop OES data preprocessing program. (convert total wavelength ratio value into RGB image form)

⇨Develop machine learning algorithm (using Convolutional Neural Network, 4layer)

⇨Accuracy : 90% (Does not include the margin of error, Only when outputting same density value as an input density value.)



International Group Data
Evaluation Activities
v This work decide at the Joint IAEA-NFRI Technical Meeting (TM) on 

Data Evaluation for Atomic, Molecular and Plasma Material 
Interaction Processes in Fusion in September 2012 

v Participants recommended group member and molecule at that time.

v Group Members:
ØGrzegorz P. Karwasz (Poland)
Ø J. Tennyson (UK)
ØViatcheslav kokoouline(USA)
ØY. Nakamura, Y. Itikawa (Japan)  
ØH. Cho M.-Y. Song, J.-S. Yoon (Rep. Korea)

vOur aim of the group evaluation is
v To establish the internationally agree standard reference data library 

for AM/PMI data 
v To reexamine the available cross sections for methane and to 

establish an up-to-date set of recommended cross sections.
48



2014
•8-9 January 2014, Seoul, South Korea 
•4 -5 July 2014, Cumberland Lodge, UK
•14 December 2014, Deajeon, South Korea

2015
•14-15 May 2015, University College London,  
UK

•17-19 November 2015, Seoul, Korea

2016
•13-16 May 2016, University College London,  
UK

•27 September 2016, NFRI, South Korea

2017
•16~17 May 2017, Seoul, South Korea
•13 ~ 14 September, Jeju, South Korea.

2018
•8~10 May 2018, Seoul, South Korea

2019
•8~10 May 2019, Seoul, South Korea
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Procedure

- Review of previous 
evaluation paper 

- Collection of new paper.
- Define working Scope
- Contents of report
- To shard working part 

Preparatory 
stage 

- analysis method of 
experiment and theory  
(characteristics, 
limitation, uncertainty, 
method)

- Comparisons of different 
research group

- Combine different 
collision processes

Evaluation 
stage

- Check uncertainty
- Define recommended 

data of each collision 
processes

- Agreement of each 
evaluator

-

Certified stage 



• Nitrogen trifluoride or trifluoramine (NF3) gas is widely used in plasma processing 
technology. 

• NF3 is used in a number of plasma processes where it is often used as a source of F 
atoms due to ease of production of these atoms via dissociative electron attachment 
(DEA) and electron-impact dissociation both from NF3 itself and from NF2 and NF 
fragment.

• The exothermicity from these dissociative processes also provides an important gas 
heating mechanism. Use of NF3 in plasma etching, particularly in mixtures with O2, 
provides a source of F2 ions due to an enhanced DEA process at low (about 1 eV) 
energies. 

• NF3 is also used in the production of thin films and solar cells; it provides the initial 
gas for the HF chemical laser.

• NF3 is actually a greenhouse gas with a very high global warming potential which has 
led to concern on how it is used in the various technologies discussed above.
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2015 ~2016 : review and assessment 
15 December 2017 : published online (J. Phys. Chem. Ref. Data, 46, 043104 (2017))

Cross section for electron collisions with NF3



• For the TCS, the MTCS, and the ionization 
cross section, 

- it is possible to recommend values over an 
extended energy range with small 
uncertainties, typically 10%–15%. The 
situation is significantly worse for other 
processes. 

• For electron-impact rotational excitation, 
- we rely on predictions from ab initial 

calculations, but these calculations are far 
from being complete. 

• For vibrational excitation cross sections. 

- Theoretical treatments of this process are 
possible and should be performed by 
theorists. Some new, reliable beam 
measurements of this process would be very 
helpful. 

• For the electron impact dissociation 
- It is an important process, but the available 

measurements are inconsistent with each 
other, and we are unable to recommend a 
good set of data for this process. A new 
study on the problem is needed. 

• For the dissociative electron attachment 
process: 

- We recommend using the recent 
experimental data and are able to provide 
the estimated uncertainty to be about 15%.



• 2016 ~2017 : review and assessment 

• May 2019  : to be submitted article ( J. Phys. Chem. Ref. Data)
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Cross section for electron collisions with NO, N2O, and NO2

• Nitrogen oxides (NxOy) are easily generated in atmospheric plasma using N2 and O2 gas. 

Nitrogen oxides are regulated as corrosive substances, and research on how to remove 

them is becoming of increasing importance.

• NO(Nitric oxide) accounts for about 95% of the nitrogen oxides generated in the 

combustion of fossil fuels, and mostly undergoes rapid oxidized to NO2 (Nitrogen 

dioxide )which is harmful to both the human body and the natural environment. 

• N2O(Nitrous oxide) is not created in the combustion of fossil fuels, but is known to be 

generated in selective catalytic reduction (SCR) reactions and is a known cause of 

global warming. 



NO

N2O

NO2



• For the TCS and the ionization cross section, 

- the main differences between the three nitrogen oxides 
are visible in the low energy range (below 5 eV) where 
the cross sections display the existence of different 
resonances.

- In particular, this energy region is the one for which 
biological processes are influenced the most. 
Experimental (and theoretical) studies are still needed

- Total ionization cross sections are well reproduced by 
BEB model for all three nitrogen oxides. The optical 
potential model overestimates slightly (10-15%) the total 
ionization cross sections for all three targets. 

• For the electron impact excitation

- Electronic excitation in the open shell NO molecule 
shows a number of partially overlapping states, starting 
from some 4.75 eV; 

- it is dominated by two dipole allowed states, visible as 
broad peaks, centered at 8.5 eV and 9.5 eV in the 
energy-loss spectra in N2O. 

- A similar proportion is predicted by the present R-
matrix calculation for NO2 in the energy range 9 – 10 eV.
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• For electron-impact rotational excitation

- we rely on predictions from ab initial 
calculations, but these calculations are far from 
being complete

- They are clearly visible in the dissociative 
attachment channel and as an enhancement of 
the rotational-excitation cross sections at about 
2.2 eV as predicted by the present theory.

• For the vibrational excitation cross sections 

- We recommend the vibrational excitation cross 
sections determined from swarm measurements 
but note that this is only an indirect 
measurement for which it is hard to establish 
true uncertainties. 

• Our knowledge on electron scattering is broadly 
satisfactory for NO and N2O but it has many gaps for 
NO2

- for example we are not aware of measurements 
of the vibrational or electronic-excitation cross 
sections. 

- for NO and NO2 we also lack measurements of 
dissociation into neutrals.



• Figure compares partitioning into 
different channels of ionization at 100 
eV and 1000 eV. 

• For neither N2O nor NO2 is the parent 
ion the dominant product (i.e. 
constitutes over 50% of the ionization 
events) at energies where other 
channels are available. 

• The NO+ dissociated ion is the main ion 
in the ionization of NO2 and constitutes 
about N2 of ionization events in of N2O. 

• The N+ ion is formed with roughly 
double the probability of the O+ ion in 
NO and N2O; in NO2 the O+ ion prevails 
over N+.



Evaluation of Collected data 
• The most basic, necessary, and first step in the development of 

those technologies is electron collision with the iniially unreacive 
species to produce the acivated species

• As a result, fundamental AMO physics is closely and beneficially 
connected to technology development.
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[ Row data selection]

Qualified
data

Validated
data

Certified data



Uncertainty Evaluation

Value Evaluation Electron
energy

(eV)

Cross
section

(10-

16cm2)

불확도
(10-16cm2)

0.4 10.2 1.02

0.5 11.1 1.11

0.65 12.1 1.21

0.8 12.7 1.27

0.9 13.3 1.33

1 14 1.4

1.1 15.1 1.51

1.2 16.2 1.62

1.3 18.1 1.81
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60

Ion energy
[eV]

Sputtering yield
[Atom/ion]

Uncertainty
[Atom/ion]

80 0.060 0.0060

100 0.070 0.0070

200 0.180 0.0180

300 0.310 0.0310

400 0.330 0.0330

500 0.680 0.0340

600 0.530 0.0530

1000 0.930 0.0465

2000 0.950 0.0950

2500 1.150 0.0575

4000 1.220 0.1220

7000 1.470 0.1470

10000 1.570 0.1570

20000 1.550 0.1550

Ar Z1 
= 18

M1
=39.948 Us Q(Z2) W(Z2) s

Si Z2
= 14

M2
= 28.086 4.63 0.66 2.32 2.5
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Evaluated data



Summary and Future Plan
• Our DCPP web database system  reorganization

ü Electron collision data : ~ 69,371 recodes
ü Change to user friendly system 
ü Evaluated data: 860 recodes 

• AMBDAS update. (supporting IAEA)
ü AMBDAS Updated until 2018.  
ü Need to change the data searching method to shorten the time 

required.à modified key word
• Data product

ü We obtained the total electron scattering cross section of electron 
collision for N2O which is important in atmosphere and plasma because 
(next: NH3 )

ü we can calculate the elastic and excitation cross sections of
BeH2,NH,C4F6 at low energies along with the detection of 
resonances using ab initio R-matrix method through Quantemol-N
(next :

• Group Data Evaluation Project 
ü Completed evaluation of NF3 and NxOy molecules by operating an 

evaluation group ( H2O, N2 ) 62
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Thank you very much for your 
attention!


