
University of Belgrade, Institute for chemistry, technology and metallurgy
Center for microelectronic technologies

29-30 of August, 2

 

Book of Abstracts 

COST MP1402 SCIENTIFIC WORKSHOP 

"ALD and related ultra
processes foradvanced devices"

 
 

Olga Jakšić
Institute of chemistry, technology and metallurgy, Belgrade, Serbia

 
 
 
 
 
 

 
 

University of Belgrade, Institute for chemistry, technology and metallurgy
Center for microelectronic technologies 

30 of August, 2017, Belgrade, Serbia 

 

Book of Abstracts  

 

 

COST MP1402 SCIENTIFIC WORKSHOP 

"ALD and related ultra-thin film 
processes foradvanced devices"

 

Editors 

Olga Jakšić and Dana Vasiljević-Radović 
Institute of chemistry, technology and metallurgy, Belgrade, Serbia

 

University of Belgrade, Institute for chemistry, technology and metallurgy 

COST MP1402 SCIENTIFIC WORKSHOP  

thin film 
processes foradvanced devices" 

Institute of chemistry, technology and metallurgy, Belgrade, Serbia 

 



[Type text] 
 
 

 
 

 

Book of Abstracts of 

COST MP1402 SCIENTIFIC WORKSHOP 

"ALD and related ultra-thin film processes for advanced devices" 

 

29-30 of August, 2017, Belgrade, Serbia 

 

 

Editors 

Olga Jakšić and Dana Vasiljević-Radović 

 

Publisher 

Institute of Chemistry, Technology and Metallurgy 

Njegoševa 12 

11000 Belgrade, Serbia 

 

Printed by 

Akademska misao, Beograd 

 

Number of copies 

100 

 

 

 



 

iii 
 

 

Scientific Program Committee 

o Stanko Tomić, University of Salford, UNITED KINGDOM 
o Mariana Dalarsson, Linnaeus University, SWEDEN 
o Dimitre Dimitrov, Bulgarian Academy of Sciences, BULGARIA 
o Igor Djerdj, University of Osijek, CROATIA 
o Vera Marinova, Bulgarian Academy of Sciences, BULGARIA 
o Ana G. Silva, Universidade Nova de Lisboa, PORTUGAL 
o Željko Šljivančanin, Vinča Institute, SERBIA 
o Magdalena Lidia Ciurea, NIMP, ROMANIA 
o Radu Piticescu, IMNR, ROMANIA 
o Oksana Yurkevich, Immanuel Kant Baltic Federal University,  

RUSSIA 
o Simon Elliott, Tyndall National Institute, IRELAND 
o Goran Isić, Institute of Physics, SERBIA 
o Branko Livada, Vlatacom Institute, SERBIA 

 

Local Organizing Committee  
(Institute of Chemistry, Technology and Metallurgy, SERBIA) 

o Olga Jakšić (Workshop Chair) 
o Dana Vasiljević-Radović 
o Zoran Jakšić 
o Ivana Jokić 
o Miloš Frantlović 
o Milena Rašljić 
o Katarina Cvetanović-Zobenica 
o Ivana Mladenović 
o Tihana Mudrinić 

 

 

 

 



COST MP1402 WORKSHOP 
Belgrade, 29-30 August 2017 

 
 

v 
 

Acknowledgements 

 

 

The Organizing Commitee of the Workshop "Atomic layer deposition and related ultra-thin 
film processes for advanced devices" acknowledges: 

• financial support fromMinistry of Education, Science and Technological Development of 
Serbia (through the project TR32008) 

• Serbian Academy of Sciences and Arts for venue related support 

• dr Aleksandar Krmpot, dr Marina Lekić, dr Stanko Nikolić and rest of the Organizing 
Committee of the VI International School and Conference on Photonics - 
PHOTONICA2017 for help in managing coorganized scientific events 

• dr Aleksander Kovačević for assistance in publication preparation 

• Jelena Turkalj and Marko Vujadinović for guide through publishing stages 

 

 

This publication is based upon work from COST Action MP1402 'Hooking together 
European research in atomic layer deposition (HERALD)', supported by COST (European 
Cooperation in Science and Technology). 

 

COST (European Cooperation in Science and Technology) is a funding agency for research 
and innovation networks. Our Actions help connect research initiatives across Europe and 
enable scientists to grow their ideas by sharing them with their peers. This boosts their 
research, career and innovation. 

 

www.cost.eu 

 



COST MP1402 WORKSHOP 
Belgrade, 29-30 August 2017 

 
 

viii 
 

Workshop Timetable (Serbian Academy of Sciences and Arts) 

 
 
Day 1: 29 August 2017 
08:00 – 09:00 Registration / Opening   

 Welcome (Director of IHTM-CMT, members of organizing committee) 
Session 1: chair           Aleksander Kovačević 
09:00 – 09:45  /keynote lecture/ "3rd generation of solar cells: Quantum dots arrays 

based high efficiency solar cell," Stanko Tomić 
09:45 – 10:15 /invited lecture/ "Inducing parallel structures on thin metal films by 

femtosecond laser beam," A. G. Kovačević, S. Petrović, D. Peruško, 
V. Lazović, D. Pantelić and B. M. Jelenković 

 

10:15 – 10:45Coffee break 

Session 2: chair           Goran Isić 
10:45 – 11:30  /keynote lecture/ "Hybrid organic/inorganic devices based on 

graphene and related 2d materials," V. Marinova, Ch. Dikov and D. 
Dimitrov 

11:30 – 12:00  /invited lecture/ "Nickel-Copper Multilayer Metamaterials," M. 
Obradov, I. Mladenović, Z. Jakšić, J. Lamovec, D. Tanasković 

12:00 – 12:15  "Plasmonic enhancement of photocatalytic optofluidic microreactors 
with corrugated thin metal films," M. Rašljić, Z. Jakšić, M. M. 
Smiljanić, Ž. Lazić, K. Cvetanović-Zobenica, D. Vasiljević-Radović 

12:15 – 12:30  "Preparation and mechanical characterization of copper thin films 
with additives on alloy substrates," I. Mladenović, J. Lamovec, V. 
Jović, M. Obradov, B. Popović, M. Vorkapić, V. Radojević 

 

12:30 – 14:30Lunch break 

Session 3: chair    Tanja Novaković 
14:30 – 15:15  /keynote lecture/ "Towards atomically sharp interfaces and 

synchrotron radiation," Ana G Silva, K. Pedersen, Z. Li and P. Mo 
15:15 – 15:45 /invited lecture/ "Preparation, Surface Properties and Photocatalytic 

Performance of Nanocrystalline Titania Films,"J. Dostanić, D. 
Lončarević, B. Grbić, N. Radić, S. Stojadinović, R. Vasilić, Z. Vuković 

15:45 – 16:00 "ScCO2 Deposition of γ-Alumina Supported Pd Nanocatalysts with 
New Florous Precursors and Application in Suzuki-Miyaura 
Reactions," F. Ulusal, E. B. Hereytani, B. Güzel 

 

16:00 – 16:30Coffee break 

 



COST MP1402 WORKSHOP 
Belgrade, 29-30 August 2017 

 
 

ix 
 

Session 4: chair              Branko Livada 
16:30 – 17:00  /invited lecture/ "Can we use nanotechnologies to develop self-

decontaminating CBRN protective suits?," M. Vitorović-Todorović and 
D. Simić 

17:00 – 17:15  "Tribomechanical and thermal properties of PVB thin films reinforced 
with nano IF-WS2," D. Simić, D. Stojanović, A. Kojović, M. Dimić, P. 
Uskoković, R. Aleksić 

17:15 – 17:30  "Effect of nano-IF-WS2 and INT-WS2 on physical-mechanical and 
camouflage properties of military coatings," D. Lazić, D. Simić, A. 
Samolov 

 
Day 2: 30 August 2017 
 
08:00 – 09:00 Registration  

 
Session 5: chair                   Danijela Randjelović 
09:00 – 09:45  /keynote lecture/ "The application of metal oxide nanoparticles in gas 

sensing devices,"Igor Djerdj 
09:45 – 10:00 "Equilibrium fluctuations in bi-component monolayer adsorption 

represented  by a second-order nonlinear model," I. Jokić, O. Jakšić, 
Z. Jakšić, M. Frantlović, M. Rašljić and K. Cvetanović-Zobenica  

10:00 – 10:15 "Aggregation problem of dye monolayer in dye sensitized solar cells," 
K. Cvetanović-Zobenica, M. Rašljić, M.M. Smiljanić, D. Vasiljević-
Radović, D. Stanisavljev 

10:15 – 10:45Coffee break 

Session 6: chair Filip Radovanović 
10:45 – 11:30  /keynote lecture/ "ALD Al-doped ZnO as a Material Platform for 

Nanophotonics," D. Z. Dimitrov, V. Marinova 
11:30 – 11:45 "Artificial Solid Electrolyte Interphase: Design, Synthesis, 

Characterization and Efficacy Evaluation," Sivan Okashy, Eliran 
Evenstein, Yitzhak Mastai and Malachi Noked 

11:45 – 12:00 "Characterization of AZO Film as Transparent Conductor in Liquid 
Crystal Devices," N. Bojinov, V. Marinova and D.Z. Dimitrov 

12:00 – 12:15 "Polymer-based ultra thin films with incorporated conductive 
nanoparticles as a platform for plasmonic biosensors," A. Nastasović , 
D. Tanasković, F. Radovanović, O. Jakšić, Z. Jakšić 

12:15 – 12:30 "Generating a Porosity in Metal Oxides Thin Films through 
Introduction of polymer Micelles,"R. Georgiev, D. Christova, L. 
Todorova, B. Georgieva, M. Vasileva, T. Babeva 

 

Conclusions & Closing  



COST MP1402 WORKSHOP 
Belgrade, 29-30 August 2017 

 
 

x 
 

Scope of the Workshop 

 

 

 

Theory of 2D and quasi-2D materials 

Modeling and simulation of 2D and quasi-2D materials 

Fabrication, (nano)patterning and sculpting of ALD-based nanocomposites 

Materials, including graphene, metallic, intermetallic and heterometallic single 
and multilayer films, metal oxides, polymers, etc. 

Light-matter interaction in 2D nanomaterials 

Photonic and plasmonic devices based on ALD and other ultrathin films 

General applications of ALD-based structures and devices 

 



COST MP1402 WORKSHOP 
Belgrade, 29-30 August 2017 

 
 

xi 
 

Table of Contents 

 

 

 

3
RD

 GENERATION OF SOLAR CELLS: QUANTUM DOTS ARRAYS BASED HIGH EFFICIENCY SOLAR CELL ............... 2 

STANKOTOMIĆ ....................................................................................................................................................... 2 

HYBRID ORGANIC/INORGANIC DEVICES BASED ON GRAPHENE AND RELATED 2D MATERIALS ........................ 4 

V. MARINOVA
1, CH. DIKOV

2
 AND D. DIMITROV

1,3* ....................................................................................................... 4 

TOWARDS ATOMICALLY SHARP INTERFACES AND SYNCHROTRON RADIATION ............................................... 5 

ANA G SILVA
1*, KJELD PEDERSEN

2, ZHESHEN LI
3
 AND PER MORGEN

4 ................................................................................ 5 

THE APPLICATION OF METAL OXIDE NANOPARTICLES IN GAS SENSING DEVICES ............................................. 6 

IGOR DJERDJ .......................................................................................................................................................... 6 

LD AL-DOPED ZNO AS A MATERIAL PLATFORM FOR NANOPHOTONICS ........................................................... 7 

D. DIMITROV
1,2

AND V. MARINOVA
2 ........................................................................................................................... 7 

INDUCING PARALLEL STRUCTURES ON THIN METAL FILMS BY FEMTOSECOND LASER BEAM ......................... 10 

A. G. KOVAČEVIĆ
1*, S. PETROVIĆ

2, D. PERUŠKO
2, V. LAZOVIĆ

1, D. PANTELIĆ
1
 AND B. M. JELENKOVIĆ

1 ................................ 10 

PREPARATION, SURFACE PROPERTIES AND PHOTOCATALYTIC PERFORMANCE OF NANOCRYSTALLINE 

TITANIA FILMS ............................................................................................................................................... 11 

J. DOSTANIĆ
1*, D. LONČAREVIĆ

1, B. GRBIĆ
1, N. RADIĆ

1, S. STOJADINOVIĆ
2, R. VASILIĆ

3, Z. VUKOVIĆ
1 ................................ 11 

NICKEL-COPPER MULTILAYER METAMATERIALS ............................................................................................ 12 

M. OBRADOV, I. MLADENOVIĆ, Z. JAKŠIĆ, J. LAMOVEC, D. TANASKOVIĆ ......................................................................... 12 

CAN WE USE NANOTECHNOLOGIES TO DEVELOP SELF-DECONTAMINATING CBRN PROTECTIVE SUITS? ........ 14 

M. VITOROVIĆ-TODOROVIĆ AND D. SIMIĆ ................................................................................................................. 14 

PLASMONIC ENHANCEMENT OF PHOTOCATALYTIC OPTOFLUIDICMICROREACTORS WITH CORRUGATED THIN 

METAL FILMS ................................................................................................................................................. 16 

MILENA RAŠLJIĆ, ZORAN JAKŠIĆ, MILČE M. SMILJANIĆ,  ŽARKO LAZIĆ, KATARINA CVETANOVIĆ, DANA VASILJEVIĆ-RADOVIĆ ..... 16 

PREPARATION AND MECHANICAL CHARACTERIZATION OF COPPER THIN FILMS WITH ADDITIVES ON ALLOY 

SUBSTRATES .................................................................................................................................................. 18 

IVANA MLADENOVIĆ
1, JELENA LAMOVEC

1, VESNA JOVIĆ
1, MARKO OBRADOV, BOGDAN POPOVIĆ, MILOŠ VORKAPIĆ, VESNA 

RADOJEVIĆ
2 ......................................................................................................................................................... 18 

SCCO2 DEPOSITION OF Γ-ALUMINA SUPPORTED PD NANOCATALYSTS WITH NEW FLOROUS PRECURSORS 

AND APPLICATION IN SUZUKI-MIYAURA  REACTIONS .................................................................................... 20 

FATMA ULUSAL, EYLÜL BÜŞRA HEREYTANI AND BILGEHAN GÜZEL .................................................................................. 20 



COST MP1402 WORKSHOP 
Belgrade, 29-30 August 2017 

 
 

xii 
 

ARTIFICIAL SOLID ELECTROLYTE INTERPHASE: DESIGN, SYNTHESIS, CHARACTERIZATION AND EFFICACY 

EVALUATION .................................................................................................................................................. 21 

SIVAN OKASHY*, ELIRAN EVENSTEIN, YITZHAK MASTAI AND MALACHI NOKED ................................................................. 21 

CHARACTERIZATION OF AZO FILM AS TRANSPARENT CONDUCTOR IN LIQUID CRYSTAL DEVICES .................. 22 

N. BOJINOV
1
, V. MARINOVA

1
AND D. DIMITROV

1,2
...................................................................................................... 22 

GENERATING A POROSITY IN METAL OXIDES THIN FILMS THROUGH INTRODUCTION OF POLYMER MICELLES

 ...................................................................................................................................................................... 23 

R. GEORGIEV
1*

, D. CHRISTOVA
2
, L. TODOROVA

2
, B. GEORGIEVA

1
, M. VASILEVA

1
, T. BABEVA

1
 ........................................... 23 

POLYMER-BASED ULTRA THIN FILMS WITH INCORPORATED CONDUCTIVE NANOPARTICLES AS A PLATFORM 

FOR PLASMONIC BIOSENSORS ....................................................................................................................... 24 

A. NASTASOVIĆ
1*

, D. TANASKOVIĆ
2
, F. RADOVANOVIĆ

3
, O. JAKŠIĆ

2
, Z. JAKŠIĆ

2
 ............................................................... 24 

AGGREGATION PROBLEM OF DYE MONOLAYER IN DYE SENSITIZED SOLAR CELLS ......................................... 25 

K. CVETANOVIĆ-ZOBENICA
1
, M. RAŠLJIĆ

1
, M.M. SMILJANIĆ

1
, D. VASILJEVIĆ-RADOVIĆ

1
, D. STANISAVLJEV

2
 .......................... 25 

EQUILIBRIUM FLUCTUATIONS IN BI-COMPONENT MONOLAYER ADSORPTION REPRESENTED BY A SECOND-

ORDER NONLINEAR MODEL ........................................................................................................................... 26 

I. JOKIĆ, O. JAKŠIĆ, Z. JAKŠIĆ, M. FRANTLOVIĆ, M. RAŠLJIĆ AND K. CVETANOVIĆ-ZOBENICA ............................................... 26 

TRIBOMECHANICAL AND THERMAL PROPERTIES OF PVB THIN FILMS REINFORCED WITH NANO IF-WS2 ....... 28 

DANICA SIMIĆ
1*

, DUSICA STOJANOVIĆ
2
, ALEKSANDAR KOJOVIĆ

2
, MIRJANA DIMIĆ

1
, PETAR USKOKOVIĆ

2
, RADOSLAV ALEKSIĆ

2
 .. 28 

EFFECT OF NANO-IF-WS2 AND INT-WS2 ON PHYSICAL-MECHANICAL AND CAMOUFLAGE PROPERTIES OF 

MILITARY COATINGS ...................................................................................................................................... 30 

DRAGANA LAZIĆ
*
, DANICA SIMIĆ, ALEKSANDRA SAMOLOV ............................................................................................ 30 

INDEX ............................................................................................................................................................ 33 



COST MP1402 WORKSHOP 
Belgrade, 29-30 August 2017 

 
 

18 
 

Preparation and mechanical characterization of copper thin films with 

additives on alloy substrates 
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Thin copper films have various application in the electronic industry for the fabrication of 
contacts in integrated circuits. Copper electroplating has been widely employed for 
fabricating the wires of printed circuit boards (PCBs) , sidewall metallization of the microvia 
and through hole in the fabrication of multilayer PCBs [1] . Along with electrodeposited thin 
Ni films, they may be considered as laminate composite structures with good mechanical 
properties such as high hardness and tensile strength, which is especially important for the 
MEMS structures fabrication [2-4]. 

Electrolytes that are commonly used for the copper deposition are on the base of sulphate 
salt and sulphuric acid with content of variouse organic or nonorganic additives in small 
quantities. One is called the suppressor which is composed of polyethylene glycol (PEG) and 
chloride ions and inhibits the copper deposition, the other is called the accelerator which is 
composed of 3-mercapto-1-propanesulfonate acid (MPSA) and enhances the rate of copper 
deposition [5-6]. The influence of additives and deposition parameters on the structural and 
mechanical properties of copper coatings was investigated by Vickers microhardness 
indentation testing method. The measured hardness is called the composite hardness, because 
the substrate participiates in the plastic deformation caused by indentation. Mathematical 
composite models are used to calculate the hardness of the thin film from the composite 
hardness and the choice of composite model depends on the type of composite systems. The 
composite hardness model of Chicot-Lesage (C-L) [7] was chosen and applied to 
experimental data in order to calculate the copper film hardness. 

Copper thin films were electrodeposited from a sulphate bath consisting of 240 g/l 
CuSO4·5H2O, 60 g/l H2SO4 , 0.124 g/l NaCl, 1 g/l PEG, 1.5 mg/l  MPSA on two substrates 
(brass and stainless steel foil). The current density values were maintained at 10 mA/cm2 and 
50 mA/cm2(DC galvanostatic mode).  

Microhardness measurements indicated that the hardness response of the same film 
depends on type and contribution of the supportive substrate. Composite hardness values 
show ascending character and copper films deposited on brass substrates have higher 
composite and film hardness then ED Cu films on steel substrates for the same deposition 
parameters and thickness, are shown in Fig.1. 
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Fig.1. Variation  in composite hardness with normalized depth h/t, for electrodeposited Cu film on alloy 

(brass and steel) with constant current density (j=10 mA/sq.cm). 

The films obtained with higher current density (50 mA/cm2) appear harder than films 
deposited with 10 mA/cm2. Increase in current density value has led to grain size refinement 
and hardness increase. The quality of the ED Cu films is satisfactory for the application in 
MEMS technologies. 

 

Acknowledgment 

This work was funded by Serbian Ministry of Education, Science and Technological 
Developmentthrough the projects TR 32008 and ON 172015. 

References 

[1] W. P. Dow, M. Z. Zen Dereux, W. B. Lin and S. W. Ho, “Influence of molecular weight of polyethylene 
glycol on microvia filling by copper” , Journal of The Electrochemical Society, vol. 152, no. 11, pp. C769-
C775, 2005. 

[2] A. Ibanez, E. Fatas, “Mechanical and structural properties of electrodeposited copper and their relation with 
the electrodeposition parameters”, Surf.&Coat.Technol., vol. 191, no. 1, pp. 7-16, 2005. 

[3] F. Ebrahimi, G. R. Boume, M. S. Kelly, T. E. Matthews, “Mechanical properties of nanocrystalline nickel 
produced by electrodeposition”, Nanostructured Materials, vol. 11, no. 3, pp. 343-350, 1999. 

[4] B. Zhang, Y. Kou, Y. Y. Xia, X. Zhang, “Modulation of strength and plasticity of multiscale Ni/Cu 
laminated composites” , Materials Science & Engineering A, vol. 636,  pp. 216-220, 2015. 

[5] L.Bonou, M.Eyraud, Y.Massiani, “Influence of additives on Cu electrodeposition mechanisms in acid 
solution: direct current study supported by non-electrochemical measurements”, Electrochemica Acta, vol. 
47, no. 26, pp. 4139-4148, 2002. 

[6] K. Kondo, R. Akolkar, D. Barkey, M. Yokoi, “Copper electrodeposition for nanofabrication of electronics 
devices”, Springer, New York, 2014. 

[7] D.Chicot, J.Lesage, “Absolute hardness of films and coatings“, Thin Solid Films, vol 254, no.1, pp. 123-

130, January, 1995 

0

0,5

1

1,5

0,1 1 10

Relative indentation depth, h/t

C
om

po
si

te
 h

ar
dn

es
s,

 H
c 

(G
P

a)

ED Cu film on steel (5 microns)

ED Cu film on steel (10 microns)

ED Cu film on brass ( 5 microns)

ED Cu film on brass (10 microns)



 
 

 
 

 

 

 

 

 

 

 

 
CIP - Каталогизација у публикацији 
Народна библиотека Србије, Београд 

 
539.216(048) 

66.017/.018(048) 
 

COST MP1402 Scientific Workshop "ALD and related ultra-thin film processes for 
advanced devices" (2017 ; Beograd) 

   Book of Abstracts / COST MP1402 Scientific Workshop "ALD and related 
ultra-thin film processes for advanced devices", 29-30 August, 2017, 

Belgrade ; [editors Olga Jakšić and Dana Vasiljević-Radović]. - 
Belgrade : Institute of Chemistry, Technology and Metallurgy, 2017 

(Beograd : Akademska misao). - XI, 33 str. : ilustr. ; 25 cm 
 

Tiraž 100. - Bibliografija uz većinu radova. - Registar. 
 

ISBN 978-86-81405-22-2 
1. Institute of Chemistry, Technology and Metallurgy (Beograd) 

a) Филм (танка превлака) - Апстракти b) Наноматеријали - Апстракти 
c) Наука о материјалима - Апстракти 

COBISS.SR-ID 242328076 
 

 

 

 

 

 

 


