
THE NATIONAL ACADEMY OF SCIENCES OF BELARUS

B.I. STEPANOV INSTITUTE OF PHYSICS

PROCEEDINGS OF THE IX BELARUSIAN-SERBIAN SYMPOSIUM

"PHYSICS AND DIAGNOSTICS OF LABORATORY AND

ASTROPHYSICAL PLASMAS" (РDР-9)

September 16–21, 2012, Minsk, Belarus

Edited by V.I. Arkhipenko, V.S. Burakov and V.K. Goncharov

MINSK
2012

ГРАНТ БРФФИ



НАЦИОНАЛЬНАЯ АКАДЕМИЯ НАУК БЕЛАРУСИ

ИНСТИТУТ ФИЗИКИ ИМЕНИ Б.И.СТЕПАНОВА

ТРУДЫ IX БЕЛОРУССКО-СЕРБСКОГО СИМПОЗИУМА

"ФИЗИКА И ДИАГНОСТИКА ЛАБОРАТОРНОЙ И

АСТРОФИЗИЧЕСКОЙ ПЛАЗМЫ" (ФДП-9)

16–21 сентября 2012 г.,Минск, Беларусь

Под редакцией В.И. Архипенко, В.С. Буракова и В.К. Гончарова

Минск

«Ковчег»

2012



УДК 533.9 (043.2)
ББК 22.3

Т78

Под редакцией
В.И. Архипенко, В.С. Буракова и В.К. Гончарова

ТРУДЫ IX БЕЛОРУССКО-СЕРБСКОГО СИМПОЗИУМА
T78 "ФИЗИКА И ДИАГНОСТИКА ЛАБОРАТОРНОЙ И

АСТРОФИЗИЧЕСКОЙ ПЛАЗМЫ" (ФДП-9):
Минск, 16–21 сентября 2012 г. / Под ред. В.И. Архипенко,
В.С. Буракова и В.К. Гончарова − Минск : Ковчег, 2012 г. − 188 с.

ISBN 978-985-7055-04-3

Сборник трудов составлен по материалам докладов, представленных
на IX Белорусско-Сербском симпозиуме "Физика и диагностика
лабораторной и астрофизической плазмы" (ФДП-9), 16–21 сентября
2012 года, г.Минск. Тематика включенных в сборник статей охватывает
широкий круг вопросов, касающихся способов получения плазмы, методов
ее диагностики и их применения для решения актуальных практических
задач.

The Proceedings have been compiled from materials of reports presented
at The IX Belarusian-Serbian Symposium "Physics and Diagnostics of
Laboratory and Astrophysical Plasmas" (РDР-9), September 16–21, 2012,
Minsk. The scope of papers covers a wide range of topics concerning techniques
of plasma generation, methods of plasma diagnostics, and their application in
solving real-world challenges of the present day.

УДК 533.9 (043.2)
ББК 22.3

ISBN 978-985-7055-04-3 © B.I. Stepanov Institute of Physics,
The National Academy of Sciences of Belarus



SYMPOSIUM ORGANIZERS

The National Academy of Sciences of Belarus

B.I. Stepanov Institute of Physics

Institute of Heat and Mass Transfer

State Committee on Science and Technology of Belarus

Ministry of Education of the Republic of Belarus

Belarusian State University

A.N. Sevchenko Scientific-Research Institute of Applied
Physical Problems

SPONSORED BY

Belarusian Republic Foundation for Fundamental Research

The papers in these Proceedings are presented by the individual authors. The
views expressed are their own and do not necessarily represent the views of the
Publishers or Sponsors. Whilst every effort has been made to ensure the
accuracy of the information contained in this book, the Publisher or Sponsors
cannot be held liable for any errors or omissions however caused.

PROCEEDINGS OF THE IX BELARUSIAN-SERBIAN SYMPOSIUM
"PHYSICS AND DIAGNOSTICS OF LABORATORY AND
ASTROPHYSICAL PLASMAS" (РDР-9): September 16−21, 2012, Minsk,
Belarus / Edited by V.I. Arkhipenko, V.S. Burakov and V.K. Goncharov

All rights reserved.

No part of this publication may be reproduced, stored in a retrieval system, in
any form or by any means, electronic, mechanical, photocopying, recording or
otherwise, without the prior permission of the copyright owner.



HONOUR COMMITTEE

Chairman: A.M. Rusetsky (The Chairman of the Presidium of the National
Academy of Sciences of Belarus)

L.V. Demidov (Deputy-Chief of State Committee on Science and Technology
of Belarus)

S.Ya. Kilin (The Chief Scientific Secretary of the National Academy of
Sciences of Belarus)

S.V. Ablameyko (Rector of Belarusian State University)

S. Jevtić (The Ambassador of Serbia in the Republic of Belarus)

PROGRAMME SCIENTIFIC COMMITTEE

Co-chairmen: V.S. Burakov, V.K. Goncharov (Belarus)

J. Purić, M. Ćuk (Serbia)

Vice-Chairmen: V.I. Arkhipenko (Belarus), M.M. Kuraica (Serbia)

Scientific Secretary: Y.A. Safronau (Belarus)

V.M. Astashynski (Belarus), B. Gaković (Serbia), V.V. Kabanov (Belarus),
P.V. Kuchinsky (Belarus), N. Konjevic (Serbia), O.G. Penyazkov (Belarus)
B. Obradović (Serbia), L. Popović (Serbia), S.N. Raikov (Belarus),
L.V. Simonchik (Belarus), N.V. Tarasenko (Belarus), M. Trtica (Serbia),
A.N. Chumakov (Belarus)

LOCAL COMMITTEE

Chairman: V.I. Arkhipenko

Vice-Chairman: A.N. Chumakov

Secretary: Y.A. Safronau

S.I. Ananin, N.A. Bosak, P.V. Chekan, E.A. Ershov-Pavlov, E.A. Kostukevich,
V.V. Makarov, M.I. Nedelko, A.A. Nevar, I.S. Nikanchuk, A.M. Petrenko,
M.V. Puzyrev, D.V. Shchegrikovich, A.S. Smetannikov, I.P. Smyaglikov,
M.S. Usachonak, S.M. Zgirouski



CONTENTS 

INVITED LECTURES 

O1. B. Gaković, B. Radak, C. Radu, M. Zamfirescu, M. Trtica,
S. Petrović, J. Stašić, P. Panjan and I. Mihailescu
LASER ABLATION AND STRUCTURING OF HARD COATING
WITH ULTRA-SHORT LASER PULSES

O2. S.I. Ananin, V.M. Astashynski
NUMERICAL SIMULATION AND OPTIMIZATION OF
COMPRESSION PLASMA FLOWS INTERACTION WITH SOLIDS

O3. M. Trtica, M. Kuzmanovic, M. Momcilovic, J. Ciganovic,
D. Rankovic, M. Pavlovic, J. Savovic, M. Stoiljkovic
LASER INDUCED OPTICAL EMISSION SPECTROSCOPY

O4. А.А. Бузун, А.П. Бык, П.В. Бычков, В.К. Гончаров,
И.И. Кравцевич, П.В. Кучинский, А.Е. Сиколенко
ЦИФРОВЫЕ КАМЕРЫ НА ОСНОВЕ ПЗС-ДАТЧИКОВ ДЛЯ
РЕГИСТРАЦИИ РЕНТГЕНОВСКОГО ИЗЛУЧЕНИЯ

O5. N. Cvetanović, B.M. Obradović, M.M. Kuraica
SPECTROSCOPIC INVESTIGATION OF ENERGETIC H ATOMS IN
GLOW DISCHARGES

O6. V.I. Arkhipenko, A.G. Karoza, A.A. Kirillov, L.V. Simonchik,
S.M. Zgirouski
PRODUCTS DETECTION AT ETHANOL CONVERSION IN
ATMOSPHERIC PRESSURE GLOW DISCHARGE

O7. J. Purić, I.P. Dojčinović, I. Tapalaga
STARK WIDTH REGULARITIES WITHIN SPECTRAL SERIES OF
NEUTRAL ALKALINE AND ALKALINE EARTH METALS

O8. А.В. Буцень, В.С. Бураков, В.В. Кирис, Н.В. Тарасенко
СПЕКТРОСКОПИЧЕСКОЕ ОПРЕДЕЛЕНИЕ СОСТАВА
МНОГОКОМПОНЕНТНОЙ ЛАЗЕРНОЙ ПЛАЗМЫ В ЖИДКОСТИ

13

17

21

25

29

33

37

41

7



O9. B.M. Obradović, V. Kovačević, B. Dojčinović, G. Roglić,
D. Manojlović, M.M. Kuraica and J. Purić
COAXIAL DIELECTRIC BARRIER DISCHARGE FOR WATER
SOLUTION TREATMENT

O10. А.Н. Чумаков, Н.А. Босак, И.С. Никончук, П.И. Веренич,
В.В. Углов, Е.A. Крутилина, Д.Д. Ху, З.X. Гуо
СТРУКТУРИРОВАНИЕ ПОВЕРХНОСТИ МЕТАЛЛОВ ПРИ
МНОГОИМПУЛЬСНОМ ЛАЗЕРНОМ ВОЗДЕЙСТВИИ

O11. A.A. Kirillov, Y.A. Safronau, L.V. Simonchik, N.V. Dudchik and
O.E. Nezhvinskaya
STAPHYLOCOCCUS AUREUS INACTIVATION BY USING
ATMOSPHERIC PRESSURE GLOW DISCHARGE WITH PLASMA
CATHODE

O12. I. Prysiazhnevych, V. Chernyak, V. Yukhymenko
OPTICAL RESEARCH OF THE INFLUENCE OF GAS FLOW
FEATURES ON THE TRANSVERSE ARC AIR PLASMA

O13. I.I. Filatova, V.V. Azharonok, S.V. Goncharik, G. Gadzhieva and
A.G. Zhukovsky
INFLUENCE OF PLASMA AND RADIO-WAVE PRE-
TREATMENTS ON SEEDS GERMINATION AND SEEDLINGS
PHYTOSANITARY CONDITIONS

O14. M. Kostić, B.M. Obradović, M.M. Kuraica, N. Radić,
B. Dojčinović, M. Černák
FUNCTIONALIZATION OF POLYPROPYLENE NONWOVEN BY
DBD AND DCSBD PLASMA MEDIATED SILVER AND GOLD
DEPOSITION

O15. В.К. Гончаров, К.В. Козадаев, Д.В.Щегрикович
ПРОЦЕССЫ ЛАЗЕРНОЙ ЭРОЗИИ ПРИ ВОЗДЕЙСТВИИ
ИНТЕНСИВНЫХ 20 HC ИМПУЛЬСОВ НА МЕТАЛЛИЧЕСКИЕ
МИШЕНИ

45

48

52

56

60

64

68

8



POSTER SESSION  

P1. I.P. Dojčinović, I. Tapalaga and J. Purić
STARK BROADENING REGULARITIES WITHIN SEVERAL
SPECTRAL SERIES OF NEUTRAL POTASSIUM

P2. В.И.Журавлева
ОПРЕДЕЛЕНИЕ ВЛИЯНИЯ ПОРИСТОСТИ МАТЕРИАЛА
ОБРАЗЦОВ НА АБЛЯЦИЮ, ФОРМИРОВАНИЕ ЛАЗЕРНОГО
ФАКЕЛА И СПЕКТРЫ ИЗЛУЧЕНИЯ

P3. S. Petrović, B. Gaković, D. Peruško, M. Trtica, B. Jelenković,
E. Stratakis
MORPHOLOGY OF WTi THIN FILM PROCESSING BY
FEMTOSECOND LASER

P4. K.Yu. Catsalap, E.A. Ershov-Pavlov, L.K. Stanchits,
K.L. Stepanov
MORPHOLOGY OF WTi THIN FILM PROCESSING BY
FEMTOSECOND LASER

P5. Л.К. Станчиц, Ю.А. Станкевич, К.Л. Степанов, Е.А. Ершов-
Павлов, К.Ю. Кацалап
ПРОГРАММНЫЙ КОМПЛЕКС ДЛЯ АНАЛИЗА ЭЛЕМЕНТНОГО
СОСТАВА МЕТАЛЛИЧЕСКИХ СПЛАВОВ ПО ИХ
ЭМИССИОННЫМ СПЕКТРАМ

P6. Ю.А. Станкевич, В.В. Чупрасов,М.С. Третьяк
МОДЕЛИРОВАНИЕ ВЛИЯНИЯ ПРОФИЛЯ СВЕРХЗВУКОВОГО
СОПЛА ПЛАЗМОТРОНА НА ХАРАКТЕРИСТИКИ
ИСТЕКАЮЩЕЙ ПЛАЗМЫ

P7. С.В. Васильев, А.Ю. Иванов, В.И. Недолугов
КОМПЛЕКСНАЯ ДИАГНОСТИКА ДИНАМИКИ ЛАЗЕРНОЙ
ПЛАЗМЫ

P8. С.В. Васильев, А.Ю. Иванов
ВЛИЯНИЕ ЭЛЕКТРИЧЕСКОГО ПОЛЯ НА РАННИЕ СТАДИИ
РАЗВИТИЯ ЛАЗЕРНОГО ФАКЕЛА

71

75

79

83

87

91

94

98

9



P9. И.П. Смягликов, Н.И. Чубрик
ЭЛЕКТРИЧЕСКИЙ ПОТЕНЦИАЛ ИЗОЛИРОВАННОЙ
ПОДЛОЖКИ В ПЛАЗМЕННОМ ПОТОКЕ КАТОДНО-
ДУГОВОГО РАЗРЯДА

P10. Л.В. Баран, В.К. Гончаров, Г.А. Гусаков, М.В. Пузырев,
М.П. Самцов
ВЛИЯНИЕ РАССТОЯНИЯ МЕЖДУ МИШЕНЬЮ И
ПОДЛОЖКОЙ НА ДИНАМИКУ ПЛАЗМЫ ПРИ ЛАЗЕРНОМ
ОСАЖДЕНИИ УГЛЕРОДНЫХ ПЛЕНОК

P11. В.К. Гончаров, К.В. Козадаев, Д.В.Щегрикович
ФОРМИРОВАНИЕ ПОЛИМЕРНЫХ СРЕД,
МОДИФИЦИРОВАННЫХ НАНОЧАСТИЦАМИ МЕТАЛЛОВ

P12. И.С. Никончук, А.Н. Чумаков
ИЗМЕРЕНИЕ ЯРКОСТНОЙ ТЕМПЕРАТУРЫ ИМПУЛЬСНОЙ
ПЛАЗМЫ ПИРОМЕТРОМ С ПЗС-МАТРИЦЕЙ SONY ICX415AL

P13. В.И. Насонов
ОТРАЖЕНИЕ ИЗЛУЧЕНИЯ ПРИ НАГРЕВЕ ТИТАНА В
ВОЗДУХЕ КВАЗИНЕПРЕРЫВНЫМ ЛАЗЕРНЫМ ИМПУЛЬСОМ
НИЗКОЙ ИНТЕНСИВНОСТИ

P14. V.M. Astashynski, A.H. Sari, A.M. Kuzmitski, Yu.A. Petukhou,
V.V. Uglov, M.A. Andreev
FORMATION OF SILICON-BASED NANOSTRUCTURES BY
COMPRESSION PLASMA FLOW ON Ta/Si SYSTEM

P15. S.A. Нryshyn, A.L. Petsiuk, D.A. Yagodnikov, Y.V. Antonov
THE USE OF CONTACTLESS METHODS FOR ROCKET ENGINES
DIAGNOSING

P16. А.М. Петренко, Н.А. Босак, Н.А. Чумаков
ФОРМИРОВАНИЕ ВОЛНОВОЙ ПОВЕРХНОСТНОЙ
СТРУКТУРЫ ПРИ ИМПУЛЬСНОЙ ЛАЗЕРНОЙ АБЛЯЦИИ
МЕТАЛЛОВ

102

106

110

114

118

122

126

129

10



P17. А.Н. Чумаков, Н.А. Босак, А.Д. Замковец, И.А. Ходасевич,
Н.Н.Шерешовец, Л.В. Баран
ЛАЗЕРНО-ПЛАЗМЕННОЕ ФОРМИРОВАНИЕ НАНОСТРУКТУР
ДЛЯ СПЕКТРОСКОПИИ ГИГАНТСКОГО
КОМБИНАЦИОННОГО РАССЕЯНИЯ

P18. П.В. Чекан, А.М. Петренко, А.Н. Чумаков, В.В.Шкурко
ИЗМЕРЕНИЕ ТЯГИ И УДЕЛЬНОГО ИМПУЛЬСА ЛАЗЕРНО-
ПЛАЗМЕННОГО МИКРОДВИГАТЕЛЯ

P19. V.K. Pustovalov, A.N. Chumakov
THRESHOLD LASER INTENSITIES FOR INTERACTION
PROCESSES OF LASER RADIATION WITH GOLD
NANOPARTICLES

P20. А.Н. Чумаков, Н.А. Босак, А.В. Панина
УПРАВЛЕНИЕ ПАРАМЕТРАМИ ПЛАЗМЫ ПРИ ПАРНОМ
ЛАЗЕРНОМ ВОЗДЕЙСТВИИ НА ДВУХ ДЛИНАХ ВОЛН

P21. Буцень, В.В.Жуковский, Е.А. Невар, Н.В. Тарасенко
ПОЛУЧЕНИЕ НАНОРАЗМЕРНЫХ ЧАСТИЦ КАРБИДА
ТИТАНА В ЭЛЕКТРИЧЕСКОМ РАЗРЯДЕ В ЖИДКОСТИ

P22. В.Длугунович, С.Никоненко, Д.Скумс, О.Тарасова
РАСШИРЕНИЕ ФУНКЦИОНАЛЬНЫХ ВОЗМОЖНОСТЕЙ
НАЦИОНАЛЬНОГО ЭТАЛОНА ЕДИНИЦ СИЛЫ СВЕТА И
ОСВЕЩЕННОСТИ РЕСПУБЛИКИ БЕЛАРУСЬ ПО ИЗМЕРЕНИЮ
ЦВЕТОВОЙ ТЕМПЕРАТУРЫ И КОРРЕЛИРОВАННОЙ
ЦВЕТОВОЙ ТЕМПЕРАТУРЫ ИСТОЧНИКОВ ИЗЛУЧЕНИЯ

P23. I.A. Ivanou
THE PLASMA FLOW COMPOSITION OF VACUUM ARC
EVAPORATARS OF PLASMA WITH ALLOYED NONMETALIC
CATHODES

P24. V.S. Urbanovich, A.M. Makei, P. Klimczyk, L. Jaworska,
B. Matovic, S. Boskovic, V.S. Niss and L.V. Sudnik
PROPERTIES OF MICRO- AND NANOCRYSTALLINE
MATERIALS BASED ON SIC, OBTAINED BY HIGH ENERGY
CONSOLIDATION

133

137

141

145

149

153

157

160

11



P25. B.M. Obradović, S.S. Ivković, N. Cvetanović, and M.M. Kuraica
TIME-SPACE DEVELOPMENT OF HYDROGEN BALMER ALPHA
LINE IN A BARRIER HOLLOW CATHODE DISCHARGE

P26. В.В. Асташинский, И.Н. Румянцева
ИЗМЕНЕНИЕ МЕХАНИЧЕСКИХ СВОЙСТВ АРМКО-ЖЕЛЕЗА В
РЕЗУЛЬТАТЕ ТЕРМОКИНЕТИЧЕСКОГО ВОЗДЕЙСТВИЯ
КОМПРЕССИОННОГО ПЛАЗМЕННОГО ПОТОКА

P27. L.V. Simonchik, M.S. Usachonak, Th. Callegari, J. Lo,
J. Sokoloff
DETERMINATION OF ELECTRON DENSITY IN PLASMA USED
FOR THE WAVEGUIDE BAND-PASS FILTER CONTROL

P28. I. Filatova, V.V. Azharonok, N.I. Chubrik, F.M. Truhachev
DUST PARTICLES DISCHARGING IN RF DUSTY PLASMA
AFTERGLOW

P29. A. Mosse, G. Savchenko, A. Karengin, V. Vlasov, V. Sauchyn,
A. Levashov
MOBILE PLASMA SYSTEMS. VARIANTS OF CONSTRUCTIONS,
OPERATION AND COMPARATIVE ANALYSIS

P30. V. Kabanov, M. Belkov, S. Raikov, V. Kiris
MOBILE LASER SPECTROCHEMICAL ANALYSERS

AUTHOR INDEX

164

168

172

176

180

183

187

 

12



LASER ABLATION AND STRUCTURING OF HARD COATING 
WITH ULTRA-SHORT LASER PULSES

B. Gaković1, B. Radak1, C. Radu2, M. Zamfirescu2, M. Trtica1, S. Petrović1,
J. Stasic1, P. Panjan3 and I. Mihailescu2

1Vinča Institute of Nuclear Sciences, University of Belgrade, POB 522, 11001 Belgrade, Serbia
2National Institute for Lasers, Plasma and Radiation Physics, POB MG-36, Magurele,

Ilfov, Romania
3Jožef Stefan Institute, Jamova 39, 1000 Ljubljana, Slovenia

e-mail: biljagak@vinca.rs

Abstract. For material processing one of the main advantages of using ultra short laser
pulses, comparing to long pulses, is the highly localized modification. Ultra short pulse laser
modification of materials is valuable for their application in nanotechnology, tribology,
microelectronics, medical application, etc. In this paper, special attention is paid to
experimental investigations of femtosecond laser surface modification of hard protective
coating. The sample has been processed by a Ti:sapphire laser with pulse duration of 200 fs
and wavelength of 775 nm. Single and multi pulse irradiation were performed in air. Various
analytical techniques were used for characterization. The damage threshold for the examined
coating, irradiated by 200 fs pulses, was determined.
 
Introduction 

Protective surface coatings, espacially titanium based are important in
many applications. Titanium-aluminium-nitride (TiAlN) obtained by
incorporation of Al in titanium nitride (TiN) is a material with excellent
hardness and thermal stability. In addition, multilayered coatings have
mechanical advantages over single layer composed of either TiN or TiAlN /1,2/.
Conventional mechanical micro-structuring of such hard materials is difficult
and application of lasers is often the solution. Irradiations of multilayered
TiAlN/TiN coating deposited on steel by nanosecond and picoseconds laser
pulses were studied recently /3/. It was found that laser induced periodical
surface structures (LIPSS) readily form on this coating under certain
combinations of parameters with those lasers. Formation of LIPSS was
accompanied by more or less pronounced thermal effects. It has been
demonstrated that fs laser pulses can be easily adjusted to induce little or no
collateral damage and thermal effects on materials, in case of proper choice of
number of pulses-energy combinations. The present paper deals with effects of
200 fs laser pulses upon a TiAlN/TiN multilayer deposited on steel – from
damage thresholds to structures formed.
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Experimental 

The experimental sample was a multilayered TiAlN/TiN hard coating
deposited on the steel substrate. The TiAlN/TiN multilayer was prepared with a
commercial device (CemeCon 800). The layered structure of the coating was
achieved by sequential depositions of TiN and TiAlN. Details and conditions of
the procedure have been given elsewhere /3/. The total thickness of the coating
was 2.17 μm and consisted of 45 alternating layers. The first layer next to the
steel substrate was TiN, about 40 nm thick, followed by a TiAlN layer of nearly
the same thickness, and so on. The top layer was TiAlN about 500 nm thick.

Irradiation was done with a Ti:sapphire laser equipped with a chirped
pulse amplification (CPA) system (Clark-MRX 2101). The laser wavelength
was 775 nm, pulse duration 200 fs and a repetition rate 2 kHz /4/. The pulse
energy ranged from 5 to 350 μJ and the spatial profile of the beam was nearly
Gaussian with with a (1/e2) beam radius 0 =16.6 m . The linearly polarized
beam was focused and directed perpendicular to the target surface. All
irradiations were performed in air. The procedure was computer controlled using
dedicated software.To determine the damage threshold a series of laser pulse
energies (E) and pulse counts (N=1,2,3,4,5,7,10,15,20,50,100,200 and 400) were
used (Fig. 1.)

Figure 1. Part of the TiAlN/TiN coating surface after 200 fs laser pulse action.
Each group of spots was made by constant pulse number and energy.

For the sample characterization various analytical techniques were used:
optical microscopy, scanning electron microscopy (SEM), focused ion beam
(FIB) system and profilometer.
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Results and discussion 

Some of results, concerning morphological changes of the target are
presented in Figure 2. SEM micrographs showed effects on TiAlN/TiN hard
coating deposited on the steel substrate after irradiation with different pulse
energy/fluence and number combinations.

 
Figure 1. The SEM micrographs of TiAlN/TiN multilayer coating surface after
irradiation with 1, 50 and 200 pulses and 15, 50 and 350 μJ pulse energy.

Fs laser pulses can generally produce conditions of no dissipation of laser beam
energy out of the irradiated area, facilitate direct solid to vapour transition. In
case of a large pulse number and high pulse energy combinations, modified area
can be broadened and some thermal effects appear (Fig.2).

The damage threshold of coating, the lowest fluence that induces
irreversible surface damage, is important parameter for application. For a
Gaussian spatial beam profile with beam radius 0, and for pulse energy Ep, the
maximum laser fluence at the surface is F0= (2Ep)/((0)2). According to the
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established procedure /4/, knowing diameter of the spots, the damage threshold
Fth for the multilayered TiAlN/TiN hard coating was obtained, Tab.1.

Table 1. Damage threshold (Fth) as a function of the number of laser pulses (N)
applied to the same spot.

N Fth (J cm-2)

1 0.66

20 0.39 

50 0.26 

400 0.19 

At low laser fluences, very clear formation of LIPSS was recorded.
Evolution of their formation is illustrated in Figure 3. The spacing/periodicity
between the ripples created is 580 nm on average and the LIPSS were orientated
perpendicularly to the laser beam polarization.

Figure 3. Images obtained by FIB cross sectional profiling after fs laser-coating
interaction. Effects of (a) 10 pulses, at 50 μJ and (b) 20 pulses, et 350 μJ.

Summing up, a multilayered TiAlN/TiN coating was irradiated by 200 fs
pulses at 775 nm. Laser fluences of 1.16 Jcm-2 to 116 Jcm-2 produced a range of
modifications, from well defined parallel surface structures on the coating, to
deep craters in the substrate, depending also on the number of accumulated
pulses.
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