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DISCHARGE FORMATION 

INSIDE THE HONEYCOMB STRUCTURES 

 ASSISTED BY SURFACE BARRIER DISCHARGE 

Richard Cimerman, Emanuel Maťaš, Karol Hensel 

Faculty of Mathematics, Physics and Informatics, Comenius University, 

Mlynská Dolina F2, 842 48, Bratislava, Slovakia 

E-mail: cimerman@fmph.uniba.sk 

In this paper, we experimentally investigated discharge formation inside the honeycomb catalysts. 

Honeycomb structure of the catalyst was simulated by a bundle of glass capillary tubes. The 

discharge inside the capillary tubes was formed with the assistance of surface barrier discharge 

generated by a perforated ceramic substrate and by applying DC high voltage across the capillaries. 

We evaluated basic electrical and optical characteristics of the discharge using ambient or 

synthetic air as carrier gases with various flow rates. The effect of polarity of the applied DC high 

voltage was also studied. The results showed the positive effects of air humidity and air flow rate 

on stability and quality of the discharge inside capillary tubes. With negative DC high voltage, the 

highest emission intensity of the capillary discharge was observed for air flow rate of 0.5 L/min, 

while with positive DC high voltage, it was for air flow rates of 1.0 and 2.4 L/min. These results 

and the other details related to properties of the surface barrier discharge will be presented during 

the conference. 

1. Introduction
Plasma catalysis is gaining an increasing interest in many environmental applications, e.g. air and 

water pollution control. It is characterised by high catalyst selectivity as well as high plasma reactivity 

which can lead to higher pollutant removal efficiencies with lower energy consumption when 

compared to individual catalytic or plasma processes [1, 2]. In the catalytic processes, besides the 

catalyst composition also its shape and structure play a crucial role [3]. In plasma catalytic systems, 

the catalyst can be present as a coating or as a layer on the plasma reactor walls or electrodes, or it can 

take the form of powder, beads or pellets packed in the reactor volume. In addition to these packed bed 

reactors, also honeycomb catalysts are sometimes used as they have an advantage of low pressure drop 

and high surface-to-volume ratio. However, generation of stable and homogeneous non-thermal 

streamer discharge plasma inside thin and long channels of the honeycomb is relatively difficult. 

Formation of plasma requires high onset voltages due to losses of charged particles by interaction with 

the channel walls [4] and it is often unstable and associated with frequent sparking that is undesirable 

due to possible mechanical damage of ceramics and even with a respect to some applications. 

In order to understand plasma discharge generation and propagation inside the honeycomb 

structures, the processes have been studied by numerical modelling by various research groups [5–7]. 

Zhang et al. found, that in the case when streamer is initiated along the dielectric surface (i.e. wall of 

honeycomb channel), the discharge will be further enhanced due to surface charging along the 

dielectric surface [5]. Jánsky et al. found, that discharge propagation velocity inside the thin tube 

increases with the increase of the applied voltage and with the decrease in both the tube radius and 

relative permittivity [6, 7]. In addition to modelling, experimental investigations of plasma discharge 

formation in honeycomb catalyst have been also studied [8–12]. In these works, the honeycomb 

structure was simulated by a bundle of glass capillary tubes. The discharge inside capillaries (also 

called honeycomb or capillary discharge) was generated by a three-electrode geometry. Firstly, 

discharge plasma was formed by auxiliary pellet bed discharge [8–10] or surface barrier discharge [11, 

12]. Secondly, the plasma of auxiliary discharge was extended into the honeycomb structure upon the 

application of DC high voltage (HV) across the capillaries. Hensel et al. and Sato et al. found, that 

onset DC HV amplitude increases with the length and decreases with the diameter of capillaries. 

Further, with extending the length of capillaries at a given DC voltage, the discharge current and 

power decreases. In contrast, the diameter of the capillaries (1-2 mm) showed marginal effect on the 

discharge power [8, 9]. The average electric field strength for the onset of the capillary discharge was 

about 10 kV/cm for capillaries with 2.0 mm in inner diameter and 20 mm in length [10]. In addition to 
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investigation of basic discharge properties, experiments focused on regeneration of diesel particulate 

filter [13] or removal of NOx from simulated diesel exhaust gas [14, 15] have ben also performed. 

The objective of this work was to study electrical and optical characteristics of the discharge 

formed inside honeycomb structure which was simulated by a bundle of glass capillaries. In the past, 

we investigated the discharge generation assisted by a packed bed discharge [8, 9] or a diffuse 

coplanar surface barrier discharge (DCSBD) [12]. Here, the capillary discharge was formed with the 

assistance of surface barrier discharge (SBD) generated by a perforated ceramic substrate (also called 

as a plasma actuator). The effects of air humidity, air flow rate and polarity of DC HV applied across 

the capillaries were investigated on quality (stability) and homogeneity of the capillary discharge. 

2. Experimental setup and methods

Fig. 1. Experimental setup. Fig. 2. Voltage and current waveforms of (a) 

surface barrier discharge (AC HV 4 kV @ 1 

kHz) and (b) capillary discharge (AC HV 4 

kV @ 1 kHz; DC HV +16 kV; R 9.4 MΩ). 

The experimental setup is depicted in the Fig. 1. The ceramic substrate (Kyocera) with the dimensions 

of 50 x 50 x 1 mm and perforated by 170 holes with an inner diameter of 1.5 mm, consisted of one 

Ni/Au electrode embedded within the ceramic and the other one printed on the ceramic surface. The 

substrate was powered by AC HV power supply consisting of function generator (GwInstek SFG-

1013), signal amplifier (Omnitronic PAP-350) and high voltage transformer. The SBD was formed by 

applying AC HV to the air-exposed electrode (3–7 kV at 1 kHz) while the embedded electrode was 

grounded. The bundle of glass capillaries was placed perpendicularly on the ceramic substrate, while a 

metal mesh serving as a third electrode was placed on the top of them and was powered by DC HV 

power supply (Technix SR20-R-1200). The bundle consisted of 40 capillary tubes of 20 mm in length 

and 2.8 mm in diameter. The waveforms of the applied AC and DC voltages were measured by HV 

probes (Tektronix P6015A) and the discharge current pulses were measured by a current probe 

(Pearson Electronics 2877) connected to a digital oscilloscope (Tektronix TDS2024C). The power 

consumption of the SBD was evaluated using the Lissajous figure method [16] with an 82 nF capacitor 

and a voltage probe (Tektronix P2220). An optical emission spectroscopy system consisted of dual-

fibre optic spectrometer (Ocean Optics SD2000), optic fibre, two orifices, parabolic mirror and lens. 

Photographs of the discharge were taken with a digital camera (Sony Alpha DSLR-A230) with 

manually adjustable aperture and exposure. Ambient and synthetic air were used as the carrier gases 

and their flow rate (0.5, 1.0 and 2.4 L/min) was controlled by flow meters. A relative humidity of the 

ambient air was approx. 60%.  

3. Results and discussion
The Fig. 2. (a) shows typical voltage and current waveform of the SBD while the Fig. 2. (b) shows the 

waveform recorded during the operation of both SBD and the capillary discharge. In contrast to the 

(a) 

(b) 
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waveform of SBD, formation of capillary discharge can be recognized by the presence of current 

pulses of much bigger amplitude during the maximum amplitude of the AC applied voltage (Fig. 2. 

(b)) that occurred only when both AC and DC HV were applied. When positive DC HV was used, 

capillary discharge formed only during the negative half-period of the applied AC voltage and vice-

versa, because of the biggest potential difference (approx. 20 kV) across the capillaries. 

The Fig. 3. shows the plasma ceramic substrate with glass capillaries in different conditions: 

(a) without applied HV; (b) with applied only AC HV and (c) with applied both AC and DC HV. The 

photographs in the Figs. 3. (b) and (c) correspond to voltage and current waveforms in the Figs. 2. (a) 

and (b), respectively. In the Fig. 3. (b), light was emitted by the SBD only, while upon application of 

DC HV across the capillaries, the streamer propagation formed the homogeneous capillary discharge 

inside them (Fig. 3. (c)). On the other hand, upon application of only DC HV without the assistance of 

SBD, the discharge in capillaries had significantly lower emission intensity and was localised only 

inside one or two capillaries. The mechanism of capillary discharge formation can be explained by a 

superposition of the AC powered surface barrier discharge and the DC powered streamer corona 

discharge. The first one serves as an ionizer producing charged particles while the latter one produces 

and maintains ionic wind toward the DC electrode [9]. 

Fig. 3. The ceramic substrate with glass capillaries: (a) without discharge; (b) with applied AC HV (4 

kV @ 1 kHz); (c) with applied both AC and DC HV (4 kV @ 1 kHz; +16 kV, respectively) (ambient 

air, 2.4 L/min) (Exposure time 4 s, f/5.6, ISO 400). 

We evaluated the quality (stability, activity) of the capillary discharge by measuring its light 

emission intensity. Higher emission intensity reflects higher number of stable discharges maintained in 

the streamer discharge regime. The emission intensity is also a measure of discharge activity, i.e. 

concentration of active species generated by the discharge. Possible instability of the discharge is 

associated with its transition from the streamer to the spark regime, what is usually undesirable in 

practical applications. The discharge emission intensity was evaluated based on the 0–1 spectral band 

(357 nm) of 2nd positive system of N2 instead of 0–0 spectral band because of strong attenuation of the 

intensity of this spectral band occurred when light passed through the glass capillaries. 

The Fig. 4. shows the comparison of emission intensity of the capillary discharge in ambient 

and synthetic air with various air flow rates in the case of negative (Fig. 4. (a)) and positive DC HV 

(Fig. 4. (b)). The positive effect on the discharge quality was observed with the increasing of the air 

humidity. When dry synthetic air was used as a carrier gas, the capillary discharge did not form, 

regardless of air flow rate and the polarity of the DC HV. On the other hand, when humid ambient air 

was used, a stable discharge dominant in terms of emission intensity was observed – for negative DC 

HV with flow rate of 0.5 L/min (Fig. 4 (a)) and for positive DC HV with flow rates of 1.0 and 2.4 

L/min (Fig. 4 (b)). The positive effect of the air humidity on the capillary discharge quality and 

stability was also reported in [9, 15]. 

We also studied the effect of air flow direction on quality (stability) of the capillary discharge. 

The best result was obtained in case when the air passed firstly through the ceramic substrate and then 

through the bundle of capillaries. In such case, the air was preionised by the SBD and discharge inside 

the capillaries was ignited with lower DC HV amplitudes. When air flow direction was reversed, the 

discharge remained localised especially near to the mesh electrode, its emission intensity was lower 

and was quite unstable with occasional sparking. 

(a) (b) (c) 
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Fig. 4. Emission intensity of the capillary discharge as a function of amplitude of the applied (a) 

negative or (b) positive DC HV in ambient air (AA) and synthetic air (SA) with various flow rates 

(0.5; 1.0 and 2.4 L/min). 

4. Conclusion 
In this paper, we experimentally studied formation of plasma discharge inside the honeycomb 

structure simulated by a bundle of glass capillary tubes. The discharge inside the capillaries was 

formed by a superposition of AC powered surface barrier discharge coupled in series with DC high 

voltage applied across the capillaries. The capillary discharge was maintained in the streamer 

discharge regime and positively supported and stabilised by increasing the air humidity. The effect of 

polarity of the DC high voltage, air flow rate and its direction were also studied. With negative DC 

high voltage, the highest emission intensity of the capillary discharge was observed for air flow rate of 

0.5 L/min, while with positive DC HV, it was for air flow rate of 1.0 and 2.4 L/min. In general, we 

found that air humidity and air flow rate have positive effect on homogeneity, quality and stability of 

the capillary discharge. Further investigation focused on long-term stability and chemical activity of 

the capillary discharge is needed in order to determine the optimal conditions of the capillary 

discharge operation with the respect to eventual applications. 

5. Acknowledgements 
This work was supported by Slovak Research and Development Agency grants APVV-0134-12 and 

APVV-17-0382, Comenius University Grants UK/319/2017, UK/373/2018 and by Special Grant of 

Faculty of Mathematics, Physics and Informatics.  

6. References 
[1] Whitehead J C 2016 J. Phys. D: Appl. Phys. 49 243001 

[2] Neyts E C, Ostrikov K K, Sunkara M K and Bogaerts A 2015 Chem. Rev. 115 13408– 46 

[3] Kim H H and Ogata A 2011 Eur. Phys. J. Appl. Phys. 55 13806 

[4] Cheng H, Lu X and Liu D 2015 Plasma Process. Polym. 12 1343–1347 

[5] Zhang Q-Z and Bogaerts A 2018 Plasma Sources Sci. Technol. 27 105013 

[6] Jansky J, Tholin F, Bonaventura Z and Bourdon A 2010 J. Phys. D: Appl. Phys. 43 395201 

[7] Jansky J, Le Delliou P, Tholin F, Tardiveau P, Bourdon A and Pasquiers S 2011 J. Phys. D: Appl. 

Phys. 44 335201 

[8] Hensel K, Sato S and Mizuno A 2008 IEEE Trans. Plasma Sci. 36 1282–1283 

[9] Hensel K 2009 Eur. Phys. J. D. 54 141–148 

[10] Sato S, Hensel K, Hayashi H, Takashima K and Mizuno A 2009 J. Electrostat. 67 77–83 

[11] Mizuno A 2013 Catal. Today 211 2-8 

[12] Hensel K, Janda M and Ráheľ J 2009 ISPC 19 Ruhr-University Bochum Germany 

[13] Hayashi H, Sakiyama D, Takashima K and Mizuno A 2012 Int. J. Plasma Environ. Sci. Technol. 

6 160–165 

[14] Sato S and Mizuno A 2010 Int. J. Plasma Environ. Sci. Technol. 4 18–23 

[15] Takashima K, Suzuki T, Nomura Y, Hinata Y, Hayashi H, Kurita H and Mizuno A 2013 Int. J. 

Plasma Environ. Sci. Technol. 7 142–147 

[16] Kogelschatz U 2003 Plasma Chem. Plasma Process. 23 1–46 

(b) (a) 

199


	SAPP_XXII_Book_Of_Contributed_Papers_2019.pdf
	1_Uvodne strany_2019
	2_OBSAH_2019
	3_IL_2019
	4_INVITED
	1_Mayhew-1-t2-SAPP 2019 CAM Paper for Conference
	2_Wang-1-t1-SAPP_D.Wang
	3_Simek-t1-
	4_Janda-1-t2-Janda_SAPP_v06
	5_Sobota-t2-
	6_Gans_SAPP_EU_Japan_Slovakia_2019
	7_Nijdam-1-t1-Abstract_SN
	8_Španěl-1-t6-SAPPspanel
	9_Tabrizchi_t6
	10_Ikehara-1-t4-IKEHARA SAPP ver.2
	11_Matsukuma-1-t5-SAPP_MMatsukuma
	12_Dujko-t1-inv_sapp2019
	13_Shirai-1-t3-Shirai_abstract
	14_Cvelbar-1-t5-Cvelbar-SAPP-JSPP-abstract-invited
	15_Puac-t2-EU-Japan_JSPP_2019-FINAL
	16_Awakowicz-1-t2-SAPP Abstract_2018_OPR
	17_Synek-1-t1-Unraveling the complexity of barrier discharges
	18-Berndt-t3-

	5_HT_2019
	6_HOT TOPIC
	1_Donko-1-t1-Donko_SAPP_final
	2_Zajickova-1-t4-SAPP-Zajickova
	3_Schneider-1-t1-Abstract
	4_Klas-1-t1-SAPP-Klas-MK
	5_Hoeft-1-t1-oral
	6_Hamaguchi-1-t3-19SAPP_Hamaguchi
	surface reactions of
	Atomic Layer Etching processes
	2.1 Outline of Simulation
	In MD simulation, the equations of motion for each Si, O, C, F, or Ar atom are solved numerically. The interatomic potential functions used in this study are those similar to Stillinger-Weber potential functions [5]. In the simulation, a rectangular b...
	Fig. 1:  A side view of a SiO2 substrate before deposition of a fluorocarbon film (left) and after deposition (right). The film thickness is about 7 Å.
	Fig. 2: The total number of atoms removed (sputtered) by Ar+ ion impact for each atomic species, i.e., F, C, O, or Si, as a function of the ion dose. The Ar+ ion energy is 40 eV. It is seen that O atoms are preferentially sputtered compared with Si at...
	2.2 Simulation Results
	Figure 2 shows the total number of atoms removed by Ar+ ion impact for each atomic species, i.e., F, C, O, or Si, as a function of the ion dose. The Ar+ ion energy is 40 eV. It is seen that O atoms are preferentially sputtered compared with Si atoms. ...
	Fig. 3: The depth profiles of atomic species at the ion dose of 11.4 (1016 cm-2, i.e., at the end of the ion dose of Fig. 2. The depth 0 refers to the location of the initial top surface of the SiO2 substrate. It is seen that there are a sufficient nu...
	Figure 3 shows the depth profiles of atomic species at the ion dose of 11.4 (1016 cm-2, i.e., at the end of the ion dose of Fig. 2. It is seen that a sufficient number of C and F atoms remain on the surface. Separate analyses show that these C and F a...
	In this study, we have demonstrated how a thin deposited fluorocarbon layer can serve as a source for limited supply of C and F atoms that can react with the SiO2 substrate surface and form volatile species such as SiF4 and CO. Our MD simulation shows...
	[1] G. S. Oehrlein, D. Metzler, and C. Li, ECS J. Solid State Sci. Tech. 4 , N5041 (2015) .
	[2] D. Metzler et al., J. Vac. Sci. Technol. A 32(2), 020603 (2014).
	[3] X. Hua et al., J. Vac. Sci. Technol. A 21(5) (2003).
	[4] S. Rauf et al., J. Appl. Phys. 101, 033308 (2007).
	[5] F. H. Stillinger and T. A. Weber, Phys. Rev. B 31, 5262 (1985).


	7_Michlíček-1-t2-Michlicek_final
	8_Petrovic-1-t2-SAPP paper RF breakdown
	9_Ďurian-1-t2-durian sapp 2018
	10_Omasta-1-t2-DETERMINATION OF ELECTRIC FIELD IN HUMID AIR PLASMA FROM NITROGEN FNS AND SPS BANDS RATIO
	11_Basher-1-t2-SAPP A.h.Basher
	12_Chudják-1-t2-chudjak
	13_Moravský-1-t6-SAPP XXII - Moravsky Ladislav
	14_Puton-1-t6-SAPP XXII JPuton
	15_Wende-1-t4-abtract wende v2
	16_Park-1-t4-20181214 ABSTRACT_Ju Young ParK
	17_Kutasi-1-t3-Kutasi_sapp19
	18_Benedikt-1-t3-Benedikt_Abstract
	19_Field-1-t1-tom_field_1_vapour_layer_talk
	20_Malinina-1-t1-Article_Malinina
	21_Stefanovic-1-t1-SAPP-IS
	22_Yablokov-1-t4-Yablokov_SAPP_22
	23_Voráč-1-t4-Vorac_SAPP_2019
	24_RAIS-1-t4-Abstract_SAPP2018_brais
	25_Rahel-1-t1-Rahel SAPP2019 final
	26_Machala-1-t2-Zdenko_SAPP18b

	7_PP_2019
	8_POSTRE
	P-01_Borkhari-t1_SAPP Arian_ 2019mk
	P-02_Cimerman-1-t1-SAPP2019_paper_cimerman_final
	P-03_Derzsi-1-t1-SAPP_2019_ADerzsi_2
	P-04_Ďurian-1-t1-SAPP-MCCPIC-Durian-v3
	P-05_Field-1-t1-tom_field_2_vapour_layer_poster
	P-07_Blaško-1-t2-SAPP_Blasko
	P-08_Feilhauerová-1-t2-DMP_Feilhauerova_final
	P-09_Lacko-1-t2-Influence of electric field on ion chemistry of glyoxal
	P-10_Mészáros-1-t2-Dusan_SAPP_2019_pp_dm_PP
	P-11_Országh-1-t2-orszagh
	P-12_Papp-1-t2-Papp-DMP_PA
	P-13_Stachová-1-t2-stachova
	P-14_Medvecká-1-t4-Abstract_Medvecká
	P-15_Pijáková-1-t4-SAPP abstract Pijakova Korous POSTER
	P-16_Staňo-1-t4-sapp 2018 contribution
	P-17_Štěpánová-1-t4-abstract_SAPP_Stepanova_final
	P-18_Tomeková-1-t4-SAPP Juliana Tomekova
	P-19_Tučeková-1-t4-SAPP_ZlataTucekova
	P-20_Zahoranová-1-t4-SAPP_Zahoranova2019_Final
	P-21_Ilčíková-1-t5-Ilcikova_-_Aging_Effect_of_Plasma_Treated_Ceramic_Powders
	P-22_Hrdá-1-t6-SAPP Hrdá
	P-23_Michalczuk-1-t6-SAPP Michalczuk
	P-24_Samel-1-t6-SAPP2019_Samel
	P-25_Pintea-1-t6-Abstract_W(CO)6_SAPPXXII
	P-26_Choi-1-t1-20181214 ABSTRACT_Jun Choi
	P-27_Hechenberger-1-t1-20181220 Low pressure Plasma Ion Source
	P-28_Held-1-t1-COMBUSTION EXHAUST CLEANING USING TRANSITION ELECTRIC DISCHARGE
	P-29_Hoffer-1-t1-hoffer paper_MS
	P-30_Horváth-1-t1-SAPP_abstract
	P-31_Olivenza-Leon-1-t1-SAPP-David-Olivenza-Leon
	P-32_Prukner-1-t1-sapp-2019-prukner-03-final
	P-33_Asfandiarov-1-t2-Asfandiarov
	P-34_Čermák-1-t2-Contribution Cermak
	P-35_Erme-1-t2-SAPP_XXII_contribution_Erme
	P-36_Hassan-1-t2-Mostafa-SAPP XXII
	P-37_Krcma-1-t2-SAPP2019_Kozakova-final
	P-38_Krcma-1-t2-krcma
	P-39_Duensing-1-t3-abstract_sapp_felix_duensing
	P-40_NDIFFO YEMELI-1-t4-SAPP XXII-Contribution-NDIFFO YEMELI
	P-41_Hlína-1-t4-Hlina_SAPP2019
	P-42_Kolska-1-t4-SAPP_Kolska_2019.doc
	P-43_Kříž-1-t4-Kriz_SAPP 2019
	P-44_Kucerova-1-t4-Kucerova SAPP XXII
	P-45_Roldan-t3
	P-46_Menthéour-1-t4-R-Mentheour-t4-Robin-Antibacterial effects of Plasma Activated Wate
	P-47_Pawłat-1-t4-SAPP_Pawlat
	P-48_Svorcik-1-t4-SAPP 2019 Svorcik
	P-49_Tarabová-1-t4-SAPPXXII_2019_juice_Tarabova_final

	SAPP_XXII_Book_Of_Contributed_Papers_2019.pdf
	1_Uvodne strany_2019
	2_OBSAH_2019
	3_IL_2019
	4_INVITED
	1_Mayhew-1-t2-SAPP 2019 CAM Paper for Conference
	2_Wang-1-t1-SAPP_D.Wang
	3_Simek-t1-
	4_Janda-1-t2-Janda_SAPP_v06
	5_Sobota-t2-
	6_Gans_SAPP_EU_Japan_Slovakia_2019
	7_Nijdam-1-t1-Abstract_SN
	8_Španěl-1-t6-SAPPspanel
	9_Tabrizchi_t6
	10_Ikehara-1-t4-IKEHARA SAPP ver.2
	11_Matsukuma-1-t5-SAPP_MMatsukuma
	12_Dujko-t1-inv_sapp2019
	13_Shirai-1-t3-Shirai_abstract
	14_Cvelbar-1-t5-Cvelbar-SAPP-JSPP-abstract-invited
	15_Puac-t2-EU-Japan_JSPP_2019-FINAL
	16_Awakowicz-1-t2-SAPP Abstract_2018_OPR
	17_Synek-1-t1-Unraveling the complexity of barrier discharges
	18-Berndt-t3-

	5_HT_2019
	6_HOT TOPIC
	1_Donko-1-t1-Donko_SAPP_final
	2_Zajickova-1-t4-SAPP-Zajickova
	3_Schneider-1-t1-Abstract
	4_Klas-1-t1-SAPP-Klas-MK
	5_Hoeft-1-t1-oral
	6_Hamaguchi-1-t3-19SAPP_Hamaguchi
	surface reactions of
	Atomic Layer Etching processes
	2.1 Outline of Simulation
	In MD simulation, the equations of motion for each Si, O, C, F, or Ar atom are solved numerically. The interatomic potential functions used in this study are those similar to Stillinger-Weber potential functions [5]. In the simulation, a rectangular b...
	Fig. 1:  A side view of a SiO2 substrate before deposition of a fluorocarbon film (left) and after deposition (right). The film thickness is about 7 Å.
	Fig. 2: The total number of atoms removed (sputtered) by Ar+ ion impact for each atomic species, i.e., F, C, O, or Si, as a function of the ion dose. The Ar+ ion energy is 40 eV. It is seen that O atoms are preferentially sputtered compared with Si at...
	2.2 Simulation Results
	Figure 2 shows the total number of atoms removed by Ar+ ion impact for each atomic species, i.e., F, C, O, or Si, as a function of the ion dose. The Ar+ ion energy is 40 eV. It is seen that O atoms are preferentially sputtered compared with Si atoms. ...
	Fig. 3: The depth profiles of atomic species at the ion dose of 11.4 (1016 cm-2, i.e., at the end of the ion dose of Fig. 2. The depth 0 refers to the location of the initial top surface of the SiO2 substrate. It is seen that there are a sufficient nu...
	Figure 3 shows the depth profiles of atomic species at the ion dose of 11.4 (1016 cm-2, i.e., at the end of the ion dose of Fig. 2. It is seen that a sufficient number of C and F atoms remain on the surface. Separate analyses show that these C and F a...
	In this study, we have demonstrated how a thin deposited fluorocarbon layer can serve as a source for limited supply of C and F atoms that can react with the SiO2 substrate surface and form volatile species such as SiF4 and CO. Our MD simulation shows...
	[1] G. S. Oehrlein, D. Metzler, and C. Li, ECS J. Solid State Sci. Tech. 4 , N5041 (2015) .
	[2] D. Metzler et al., J. Vac. Sci. Technol. A 32(2), 020603 (2014).
	[3] X. Hua et al., J. Vac. Sci. Technol. A 21(5) (2003).
	[4] S. Rauf et al., J. Appl. Phys. 101, 033308 (2007).
	[5] F. H. Stillinger and T. A. Weber, Phys. Rev. B 31, 5262 (1985).


	7_Michlíček-1-t2-Michlicek_final
	8_Petrovic-1-t2-SAPP paper RF breakdown
	9_Ďurian-1-t2-durian sapp 2018
	10_Omasta-1-t2-DETERMINATION OF ELECTRIC FIELD IN HUMID AIR PLASMA FROM NITROGEN FNS AND SPS BANDS RATIO
	11_Basher-1-t2-SAPP A.h.Basher
	12_Chudják-1-t2-chudjak
	13_Moravský-1-t6-SAPP XXII - Moravsky Ladislav
	14_Puton-1-t6-SAPP XXII JPuton
	15_Wende-1-t4-abtract wende v2
	16_Park-1-t4-20181214 ABSTRACT_Ju Young ParK
	17_Kutasi-1-t3-Kutasi_sapp19
	18_Benedikt-1-t3-Benedikt_Abstract
	19_Field-1-t1-tom_field_1_vapour_layer_talk
	20_Malinina-1-t1-Article_Malinina
	21_Stefanovic-1-t1-SAPP-IS
	22_Yablokov-1-t4-Yablokov_SAPP_22
	23_Voráč-1-t4-Vorac_SAPP_2019
	24_RAIS-1-t4-Abstract_SAPP2018_brais
	25_Rahel-1-t1-Rahel SAPP2019 final
	26_Machala-1-t2-Zdenko_SAPP18b

	7_PP_2019
	8_POSTRE
	P-01_Borkhari-t1_SAPP Arian_ 2019mk
	P-02_Cimerman-1-t1-SAPP2019_paper_cimerman_final
	P-03_Derzsi-1-t1-SAPP_2019_ADerzsi_2
	P-04_Ďurian-1-t1-SAPP-MCCPIC-Durian-v3
	P-05_Field-1-t1-tom_field_2_vapour_layer_poster
	P-07_Blaško-1-t2-SAPP_Blasko
	P-08_Feilhauerová-1-t2-DMP_Feilhauerova_final
	P-09_Lacko-1-t2-Influence of electric field on ion chemistry of glyoxal
	P-10_Mészáros-1-t2-Dusan_SAPP_2019_pp_dm_PP
	P-11_Országh-1-t2-orszagh
	P-12_Papp-1-t2-Papp-DMP_PA
	P-13_Stachová-1-t2-stachova
	P-14_Medvecká-1-t4-Abstract_Medvecká
	P-15_Pijáková-1-t4-SAPP abstract Pijakova Korous POSTER
	P-16_Staňo-1-t4-sapp 2018 contribution
	P-17_Štěpánová-1-t4-abstract_SAPP_Stepanova_final
	P-18_Tomeková-1-t4-SAPP Juliana Tomekova
	P-19_Tučeková-1-t4-SAPP_ZlataTucekova
	P-20_Zahoranová-1-t4-SAPP_Zahoranova2019_Final
	P-21_Ilčíková-1-t5-Ilcikova_-_Aging_Effect_of_Plasma_Treated_Ceramic_Powders
	P-22_Hrdá-1-t6-SAPP Hrdá
	P-23_Michalczuk-1-t6-SAPP Michalczuk
	P-24_Samel-1-t6-SAPP2019_Samel
	P-25_Pintea-1-t6-Abstract_W(CO)6_SAPPXXII
	P-26_Choi-1-t1-20181214 ABSTRACT_Jun Choi
	P-27_Hechenberger-1-t1-20181220 Low pressure Plasma Ion Source
	P-28_Held-1-t1-COMBUSTION EXHAUST CLEANING USING TRANSITION ELECTRIC DISCHARGE
	P-29_Hoffer-1-t1-hoffer paper_MS
	P-30_Horváth-1-t1-SAPP_abstract
	P-31_Olivenza-Leon-1-t1-SAPP-David-Olivenza-Leon
	P-32_Prukner-1-t1-sapp-2019-prukner-03-final
	P-33_Asfandiarov-1-t2-Asfandiarov
	P-34_Čermák-1-t2-Contribution Cermak
	P-35_Erme-1-t2-SAPP_XXII_contribution_Erme
	P-36_Hassan-1-t2-Mostafa-SAPP XXII
	P-37_Krcma-1-t2-SAPP2019_Kozakova-final
	P-38_Krcma-1-t2-krcma
	P-39_Duensing-1-t3-abstract_sapp_felix_duensing
	P-40_NDIFFO YEMELI-1-t4-SAPP XXII-Contribution-NDIFFO YEMELI
	P-41_Hlína-1-t4-Hlina_SAPP2019
	P-42_Kolska-1-t4-SAPP_Kolska_2019.doc
	P-43_Kříž-1-t4-Kriz_SAPP 2019
	P-44_Kucerova-1-t4-Kucerova SAPP XXII
	P-45_Roldan-t3
	P-46_Menthéour-1-t4-R-Mentheour-t4-Robin-Antibacterial effects of Plasma Activated Wate
	P-47_Pawłat-1-t4-SAPP_Pawlat
	P-48_Svorcik-1-t4-SAPP 2019 Svorcik
	P-49_Tarabová-1-t4-SAPPXXII_2019_juice_Tarabova_final


	SAPP_XXII_Book_Of_Contributed_Papers_2019.pdf
	1_Uvodne strany_2019
	2_OBSAH_2019
	3_IL_2019
	4_INVITED
	1_Mayhew-1-t2-SAPP 2019 CAM Paper for Conference
	2_Wang-1-t1-SAPP_D.Wang
	3_Simek-t1-
	4_Janda-1-t2-Janda_SAPP_v06
	5_Sobota-t2-
	6_Gans_SAPP_EU_Japan_Slovakia_2019
	7_Nijdam-1-t1-Abstract_SN
	8_Španěl-1-t6-SAPPspanel
	9_Tabrizchi_t6
	10_Ikehara-1-t4-IKEHARA SAPP ver.2
	11_Matsukuma-1-t5-SAPP_MMatsukuma
	12_Dujko-t1-inv_sapp2019
	13_Shirai-1-t3-Shirai_abstract
	14_Cvelbar-1-t5-Cvelbar-SAPP-JSPP-abstract-invited
	15_Puac-t2-EU-Japan_JSPP_2019-FINAL
	16_Awakowicz-1-t2-SAPP Abstract_2018_OPR
	17_Synek-1-t1-Unraveling the complexity of barrier discharges
	18-Berndt-t3-

	5_HT_2019
	6_HOT TOPIC
	1_Donko-1-t1-Donko_SAPP_final
	2_Zajickova-1-t4-SAPP-Zajickova
	3_Schneider-1-t1-Abstract
	4_Klas-1-t1-SAPP-Klas-MK
	5_Hoeft-1-t1-oral
	6_Hamaguchi-1-t3-19SAPP_Hamaguchi
	surface reactions of
	Atomic Layer Etching processes
	2.1 Outline of Simulation
	In MD simulation, the equations of motion for each Si, O, C, F, or Ar atom are solved numerically. The interatomic potential functions used in this study are those similar to Stillinger-Weber potential functions [5]. In the simulation, a rectangular b...
	Fig. 1:  A side view of a SiO2 substrate before deposition of a fluorocarbon film (left) and after deposition (right). The film thickness is about 7 Å.
	Fig. 2: The total number of atoms removed (sputtered) by Ar+ ion impact for each atomic species, i.e., F, C, O, or Si, as a function of the ion dose. The Ar+ ion energy is 40 eV. It is seen that O atoms are preferentially sputtered compared with Si at...
	2.2 Simulation Results
	Figure 2 shows the total number of atoms removed by Ar+ ion impact for each atomic species, i.e., F, C, O, or Si, as a function of the ion dose. The Ar+ ion energy is 40 eV. It is seen that O atoms are preferentially sputtered compared with Si atoms. ...
	Fig. 3: The depth profiles of atomic species at the ion dose of 11.4 (1016 cm-2, i.e., at the end of the ion dose of Fig. 2. The depth 0 refers to the location of the initial top surface of the SiO2 substrate. It is seen that there are a sufficient nu...
	Figure 3 shows the depth profiles of atomic species at the ion dose of 11.4 (1016 cm-2, i.e., at the end of the ion dose of Fig. 2. It is seen that a sufficient number of C and F atoms remain on the surface. Separate analyses show that these C and F a...
	In this study, we have demonstrated how a thin deposited fluorocarbon layer can serve as a source for limited supply of C and F atoms that can react with the SiO2 substrate surface and form volatile species such as SiF4 and CO. Our MD simulation shows...
	[1] G. S. Oehrlein, D. Metzler, and C. Li, ECS J. Solid State Sci. Tech. 4 , N5041 (2015) .
	[2] D. Metzler et al., J. Vac. Sci. Technol. A 32(2), 020603 (2014).
	[3] X. Hua et al., J. Vac. Sci. Technol. A 21(5) (2003).
	[4] S. Rauf et al., J. Appl. Phys. 101, 033308 (2007).
	[5] F. H. Stillinger and T. A. Weber, Phys. Rev. B 31, 5262 (1985).


	7_Michlíček-1-t2-Michlicek_final
	8_Petrovic-1-t2-SAPP paper RF breakdown
	9_Ďurian-1-t2-durian sapp 2018
	10_Omasta-1-t2-DETERMINATION OF ELECTRIC FIELD IN HUMID AIR PLASMA FROM NITROGEN FNS AND SPS BANDS RATIO
	11_Basher-1-t2-SAPP A.h.Basher
	12_Chudják-1-t2-chudjak
	13_Moravský-1-t6-SAPP XXII - Moravsky Ladislav
	14_Puton-1-t6-SAPP XXII JPuton
	15_Wende-1-t4-abtract wende v2
	16_Park-1-t4-20181214 ABSTRACT_Ju Young ParK
	17_Kutasi-1-t3-Kutasi_sapp19
	18_Benedikt-1-t3-Benedikt_Abstract
	19_Field-1-t1-tom_field_1_vapour_layer_talk
	20_Malinina-1-t1-Article_Malinina
	21_Stefanovic-1-t1-SAPP-IS
	22_Yablokov-1-t4-Yablokov_SAPP_22
	23_Voráč-1-t4-Vorac_SAPP_2019
	24_RAIS-1-t4-Abstract_SAPP2018_brais
	25_Rahel-1-t1-Rahel SAPP2019 final
	26_Machala-1-t2-Zdenko_SAPP18b

	7_PP_2019
	8_POSTRE
	P-01_Borkhari-t1_SAPP Arian_ 2019mk
	P-02_Cimerman-1-t1-SAPP2019_paper_cimerman_final
	P-03_Derzsi-1-t1-SAPP_2019_ADerzsi_2
	P-04_Ďurian-1-t1-SAPP-MCCPIC-Durian-v3
	P-05_Field-1-t1-tom_field_2_vapour_layer_poster
	P-07_Blaško-1-t2-SAPP_Blasko
	P-08_Feilhauerová-1-t2-DMP_Feilhauerova_final
	P-09_Lacko-1-t2-Influence of electric field on ion chemistry of glyoxal
	P-10_Mészáros-1-t2-Dusan_SAPP_2019_pp_dm_PP
	P-11_Országh-1-t2-orszagh
	P-12_Papp-1-t2-Papp-DMP_PA
	P-13_Stachová-1-t2-stachova
	P-14_Medvecká-1-t4-Abstract_Medvecká
	P-15_Pijáková-1-t4-SAPP abstract Pijakova Korous POSTER
	P-16_Staňo-1-t4-sapp 2018 contribution
	P-17_Štěpánová-1-t4-abstract_SAPP_Stepanova_final
	P-18_Tomeková-1-t4-SAPP Juliana Tomekova
	P-19_Tučeková-1-t4-SAPP_ZlataTucekova
	P-20_Zahoranová-1-t4-SAPP_Zahoranova2019_Final
	P-21_Ilčíková-1-t5-Ilcikova_-_Aging_Effect_of_Plasma_Treated_Ceramic_Powders
	P-22_Hrdá-1-t6-SAPP Hrdá
	P-23_Michalczuk-1-t6-SAPP Michalczuk
	P-24_Samel-1-t6-SAPP2019_Samel
	P-25_Pintea-1-t6-Abstract_W(CO)6_SAPPXXII
	P-26_Choi-1-t1-20181214 ABSTRACT_Jun Choi
	P-27_Hechenberger-1-t1-20181220 Low pressure Plasma Ion Source
	P-28_Held-1-t1-COMBUSTION EXHAUST CLEANING USING TRANSITION ELECTRIC DISCHARGE
	P-29_Hoffer-1-t1-hoffer paper_MS
	P-30_Horváth-1-t1-SAPP_abstract
	P-31_Olivenza-Leon-1-t1-SAPP-David-Olivenza-Leon
	P-32_Prukner-1-t1-sapp-2019-prukner-03-final
	P-33_Asfandiarov-1-t2-Asfandiarov
	P-34_Čermák-1-t2-Contribution Cermak
	P-35_Erme-1-t2-SAPP_XXII_contribution_Erme
	P-36_Hassan-1-t2-Mostafa-SAPP XXII
	P-37_Krcma-1-t2-SAPP2019_Kozakova-final
	P-38_Krcma-1-t2-krcma
	P-39_Duensing-1-t3-abstract_sapp_felix_duensing
	P-40_NDIFFO YEMELI-1-t4-SAPP XXII-Contribution-NDIFFO YEMELI
	P-41_Hlína-1-t4-Hlina_SAPP2019
	P-42_Kolska-1-t4-SAPP_Kolska_2019.doc
	P-43_Kříž-1-t4-Kriz_SAPP 2019
	P-44_Kucerova-1-t4-Kucerova SAPP XXII
	P-45_Roldan-t3
	P-46_Menthéour-1-t4-R-Mentheour-t4-Robin-Antibacterial effects of Plasma Activated Wate
	P-47_Pawłat-1-t4-SAPP_Pawlat
	P-48_Svorcik-1-t4-SAPP 2019 Svorcik
	P-49_Tarabová-1-t4-SAPPXXII_2019_juice_Tarabova_final






