






 Roadmap to the Establishment of 

Internationally Agreed Standard Data 

Library for AM/PSI Data Relevant to 

Fusion Applications  

 Developing an Evaluators Network   

 Guidelines for Uncertainty 

Assessment of Theoretical Data (how 

to proceed)  

Phase 0: Inventorise the AM/PSI Data 

Collection used by Fusion/Plasma 

Community  

Phase 1: Establishment of infrastructure 

towards evaluated data library  

Phase 3: Establishment and maintenance 

of standard data library  

Phase 2: Establishment of evaluated data 

library  



Which Systems are the Priorities for 

Evaluation :  

- Electron scattering on CH4.   

- For electron-molecule collisions we 

considered hydrogenic systems but 

decided that so many data are available 

that CH4 would be easier (and also 

relevant 

 Action Items  

NFRI to organize a data evaluation 

group for demonstration 

- The group will demonstrate the 

evaluation procedure by the editorial 

board.  

- The group will establish general 

guidelines for evaluation criteria, 

evaluation process  

- The group will demonstrate the 

evaluation process from the scratch to 

the final product as discussed in the 

meeting  



 Group Members:  

     Y. Itikawa (Japan),  

     G. P. Karwasz (Nicolaus Copernicus University),  

     J. Tennyson (University College London),  

     V. Kokoouline(University of Central Florida),  

     H. Cho(Chung-Nam National University),  

     Y. Nakamura (Tokyo Denki University),  



Our achievements toward a realistic plasma process simulation
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V-NAND 공정을 위한 엔지니어링 플라즈마 표면 데이타 모듈 개발

- 표면 반응 모듈 적용한 3D Feature Profile Simulation 계산속도 향상

연구 결과 II 

Reference Material Etch Rate Ion Flux Neutral Flux



~ 10-2 cm3/s (from article A) 

~ 10-9 cm3/s (from article B) 

~ 10-11 cm3/s (from article C) 

Reaction rate coefficient for  

e+SiH4SiH+
3 + 2e  

Solid line : DCPP 

Dashed line : Ho, Chemkin 

Reaction rate coefficient  

from Tarnovsky (cross section) 

• P. Ho, J. E. Johannes, and R. J. Buss, 

and E. Meeks, J. Vac. Sci. Technol. A 

19(5), 2344 (2001). 

• http://www.sandia.gov/chemkin/ 

• V. Tarnovsky, P. Kurunczi, D. 

Rogozhinikov, and K. Becker, Int. J. 

Mass Spectrom. Ion Processes 128, 

181 (1993). 
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Supported by National Standard Reference Data (SRD) Project  

from Ministry of Industry 

Data Fitting



① Cross sections for electron collisions with hydrogen molecules 

     Journal of Physical and Chemical Reference Data, 37 (2), 913 (2008)-Prof. Itikawa 

② Elastic cross sections for electron collisions with molecules relevant to plasma processing 

     Journal of Physical and Chemical Reference Data, 39 (3), 913 (2010) 

     -Prof. Cho, Prof. Tanaka, Prof. Buckman etc 

③ Electron-impact cross sections for deuterated hydrogen and deuterium molecules 

     Report on Progress in Physics, 73, 116401 (2010)-Prof. Kumar 



Literature survey  Collection of numerical data  Evaluation of  

the collected data  Recommendation of the best values  

“Data evaluation” is the important but difficult part 

 We have no standard method of it 

Quoted uncertainty 

Agreement among the data obtained by different authors/methods 

How the absolute values were determined 

Physics involved 

Consistency between related but different quantities 

Reliability of authors : Judged from their previous works 



 Find and train “evaluators” (scientists who are engaged in     

    data evaluation)  

    → Organize network of evaluators  

 There is no standard method of data evaluation. 

 The result of evaluation (i.e., the recommended data)  

     may be different depending on who evaluates them.  

 Prof. Itikawa suggest : evaluation of the evaluated data  

(1) Consistency of the total scattering cross section  

(2) Swarm parameters 

(3) Modelling result  

Still… 

we are thinking 





IAEA 

Coordination Meetings for Evaluation 
http://www-amdis.iaea.org/DCN/Evaluation/  

• CM on Procedures for Evaluation of AM/PMI Data for Fusion: 
Current status & future coordination (Japan) Feb 12 

• CM on Data Evaluation & Establishment of a Standard Library of 
AM/PMI Data for Fusion (IAEA) 

Jun 12 

• TM on Data Evaluation for AM/PSI Processes in Fusion (Korea) Sep 12 

• TM (CCN) on General Guidelines for Uncertainty Assessments of 
Theoretical Data 

May 13 

• CM on Evaluation of Data for Collisions of Electrons with Nitrogen 
Molecule and Nitrogen Molecular Ion 

Dec 13 

• Joint IAEA-ITAMP TM on Uncertainty Assessment for Theoretical 
Atomic Molecular Scattering Data 

Jul 14 

• CM on Guidelines for Uncertainty Quantification of Theoretical 
Atomic and Molecular Data  

Jun 15 

• CM on Evaluation & Uncertainty Assessment for Be, C, Ne 

• TM (CCN) on Simulation of PMI Experiments  
Jul 15 

• CM on  Recommended Data for Processes of Tungsten (Korea) Sep 15 





 Group Members:  

     Y. Itikawa (Japan),  

     G. P. Karwasz (Nicolaus Copernicus University),  

     J. Tennyson (University College London),  

     V. Kokoouline(University of Central Florida),  

     H. Cho(Chung-Nam National University),  

     Y. Nakamura (Tokyo Denki University),  

     M.-Y. Song (National Fusion Research Institute) 

 Participants recommended group members and molecule(CH4) 



 1st GM : 23~25, January 2013, @Gunsan, Korea 

 2nd GM : 25~27 June 2013, @Daejeon, Korea 

 3rd GM : 23~24 September 2013, @OU, UK 

 4th GM : 8~9 January 2014, @Seoul, Korea 

 5th GM : 4~5 July 2014, @Cumberland Lodge, UK 

 6th GM : 14 December 2014, @Daejeon, Korea 

 7th GM : 14~15 May 2015, @UCL, UK 

 8th GM : 17~19 November 2015, @Seoul, Korea 

 9th GM : 13~16 May 2016, @UCL, UK 

 10th GM : 27 September 2016 @NFRI, Korea 



present a systematic review of 

the published cross sections for 

processes resulting from 

electron collisions with methane 

up to early 2014.  

JPCRD vol. 44, No2, 023101 (2015) 

Both measurements and 

theoretical predictions are 

considered, although priority is 

given to high quality 

measurements with published 

uncertainties where available 
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Crosssect ion data arecompiled from the literature for elect ron collisionswith the acetylene(HCCH) molecule.
Cross sect ions are collected and reviewed for total scat tering, elast ic scat tering, momentum transfer, exci-
tat ions of rotat ional and vibrat ional states, dissociat ion, ionizat ion, and dissociat ive at tachment . The data
derived from swarm experiments are also considered. For each of these processes, the recommended values of
the cross sect ions are presented. The literature has been surveyed through early 2016.

PACS numbers: 34.80.Bm, 52.20.Fs
Keywords: elect ron collisions, total cross sect ions, ionizat ion, dissociat ion, at tachment , evaluat ion

I. INTRODUCTION

Acetylene (HCCH) is the simplest t riply-bonded hy-
drocarbon molecule and has part icular importance in a
variety of different plasma processes. For exampleplasma
can be used to make HCCH from coal1, natural gas2 and
methane3,4. Conversely acetylene plasmas are used for a
variety of chemist ries5; they areused to make C2

6, CH∗ 7,
fullerenes8, diamonds9, carbon nanopart icles10, hydro-
carbon nanopart icle11, nanotubes12,13 and polymers14, as
well as other chemical processes15,16. Acetylene plasmas
are used to provide a variety of different coat ings17,18.
The role of acetylene in fusion plasmas has also been
considered19,20. Acetylene is well-known from combus-
t ion, where oxy-acetylene flames provide part icularly hot
(∼3000 K) flames which are in rout ine everyday use.
Acetylene isalso an important component of cool carbon-
rich stars Matsuura et al. 21 whose spectra require con-
siderable data to model22 .

This work uses the same methodology as our recent
review of elect ron – methane collision data23. However
there have been significant ly fewer experimental studies
of elect ron – acetylene collisions. This means that the
accuracy for many of the cross sect ions we recommend is
less sat isfactory. Measured cross sect ions for processes
involving ground state acetylene have been previously
compiled and assessed24,25. In this paper, we compile
and review data reported up to early 2016 for the various
cross sect ions involving elect ron scat tering from acety-
lene. We suggest recommended cross sect ions for the dif-

a) Elect ronic mail: corresponding author at mysong@nfri.re.kr

ferent scat tering processes and ident ify processes which
would benefit from further study.

II. TOTAL SCATTERING CROSS SECTION

The total cross sect ion (TCS) in acetylene, compared
to methane, have been measured in relat ively few exper-
iments. The TCS in the low energy region is dominated
by a 2Πg resonant state, centered around 2.5 eV26, with
a TCS exceeding 40× 10− 6 cm2. At 6 eV another, 2Σ+

g

resonant state was observed26. In the TCS this lat ter
resonance appears as broad maximum, with a somewhat
similar amplitude (about 27× 10− 16 cm2) and posit ion
(about 8 eV) to that in CH4, see Song et al.23

A number of theoret ical studies have also character-
ized these resonances27–31 generally via considerat ion of
elast ic scat tering. These studies will be considered as
appropriate below.

In the region of the 2Πg resonance we analysed four
experiments:

- absolute measurements by Brüche32 who used a
Ramsauer-type apparatus at 1-50 eV energy range;

- absolute measurements with use of an elect rostat ic
analyzer33 by the group of Szmytkowski et al.;33 at
0.6-270 eV;

- absolute measurements with magnet ically guided
elect ron (and posit ron) beam at 1-400 eV by
Sueuko and Mori34;

- normalized transmission current in the dissociat ive
at tachment experiment by Dressler and Allan35.

present a systematic review of 

the published cross sections for 

processes resulting from 

electron collisions with 

acetylene up to early 2016.  

Both measurements and 

theoretical predictions are 

considered, although priority is 

given to high quality 

measurements with published 

uncertainties where available.  

There is considerable variation 

in the reliability of the available 

data. 
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Cross sect ion data are compiled from the literature for elect ron collisions with nit rogen tr ifluoride (NF3)
molecules. Cross sect ions are collected and reviewed for total scat tering, elast ic scat tering, momentum trans-
fer, excitat ions of rotat ional and vibrat ional states, dissociat ion, ionizat ion, and dissociat ive at tachment . The
data derived from swarm experiments are also considered. For each of these processes, the recommended
values of the cross sect ions are presented. The literature has been surveyed through mid 2016.

PACS numbers: 34.80.Bm, 52.20.Fs
Keywords: elect ron collisions, total cross sect ions, ionizat ion, dissociat ion, at tachment , evaluat ion

I. INTRODUCTION

Nit rogen tr ifluoride or t r ifluoramine (NF3) gas is
widely used in plasma processing technology. A discus-
sion on the use in thin-film and solar cell product ion,
chemical laser, environmental impact , etc.

In the ground elect ronic state 1A ′ the molecule has a
shape of a pyramid of the C3v group with fluorine atoms
forming an equilateral t riangle. Due to its symmetry,
the dipole moment of the molecule is aligned along the
C3 symmetry axis. Geometry, elect ric dipole moment ,
and rotat ional constants are specified in Table I.

II. TOTAL SCATTERING CROSS SECTION

Pract ically, absolute data by Szmytkowski et al. [S1]
at 0.5-370 eV collision energy is the only measurement of
total crosssect ion in NF3. Thebeam at tenuat ion deBeer-
Lambert ’s method was used, with a 3cm long scat tering

TABLE I. Propert ies of NF3 at the equilibrium posit ion of the
ground elect ric state. A, B , and C are rotat ional constants.

Property Value

F-N bond length1 1.365Å

FNF angle1 102.4◦

Dipole moment 1 0.235 D

A = B 2 10.6810819(15)GHz

C2 5.8440 GHz

a) Elect ronic mail: corresponding author at mysong@nfri.re.kr

FIG. 1. . Total cross sect ions by Szmytkowski et al. [S1]
compared to vibrat ional excitat ion (Born approximat ion for
v3 IR act ive mode) and ionizat ion (experiment and theory
by Rahman et al. [R1]). Theory of Jonathan and Goswami
will be added. When we take the decision on the elast ic cross

sect ions – also a sum of all processes can be shown here.

cell and 2× 10− 3sr mean angular resolut ion. Systemat ical
errors declared (gas outflow from scat tering cell, deter-
minat ion of the scat tering length, current non-linearity,
pressure and temperature measurements) are within 5%,
out of which the declared angular resolut ion error is 0.2%
at low energies, rising to 1% at 100 eV and 2-3% in the
high energy limit . The stat ist ical spread (one standard
deviat ion of their weighted mean values) is 1.5% below 1
eV and below 1% at intermediate energies. Total cross
sect ions [S1] are compared to ionizat ion and vibrat ional
excitat ion (calculated in Born approximat ion) in fig. 1.

Data of Szmytkowski et al. show a broad maximum of



Group evaluation can make data collection more widely. 

- consider the unpublished or research data using network  

Data generation (theoretically) 

- if there are no data, but important data for evaluation! 

Various expert knowledge is including in Group evaluation  

- although there are no standard method, we found effective and 

reasonable method  Group Evaluation 

Most important lesson is leave the all comments on paper for 

community  



Final Goal : Standard Data Library for AM/PSI data for fusion 

and other plasma application  

- establish general guidelines for evaluation criteria, evaluation 

process 

 Evaluation of the evaluated data  

(1) Consistency of the total scattering cross section 
    - QT (measured) = ΣQs (elastic and all inelastic process) 

(2) Swarm parameters 

(3) Modelling result  

    - Chemical modelling with reaction rate data-base  




