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Preface 

 

On behalf of the Conference Committee, I would like to warmly welcome to everyone 

participating to the “Science and Applications of Thin Films, Conference & Exhibition (SATF 

2014)” being held in Altin Yunus Resort & Thermal Hotel, Çeşme, Izmir, Turkey, from 

September 15 to 19, 2014. 

The international conference will focus on various topics related to Thin Films and 

novel phenomena in Thin Film science and applications. The conference is intended to 

provide an opportunity to bring prominent scientists together from various countries, with a 

common objective to exchange information and ideas, to promote stimulus discussions and 

collaborations among participants and furthermore to foster young scientists. 

 Additionally, Izmir hosts a large number of extremely important architectural and 

cultural sites. The town is nicknamed as the Pearl of the Aegean and Cesme in İzmir is 

surrounded by the Aegean Sea in three sides at the very western end of Urla Peninsula and is 

neighbor of the Sakiz (Chios) Island. My wish is that you will all join us for a symphony of 

outstanding science, and take a little extra time to enjoy the unique beauty of Çeşme and its 

surroundings.  

Finally, we want to express our special gratitude to all the participants, and we would 

also like to thank our colleagues in the Conference Committee, whose commitment enabled 

us to achieve our goal. In the spirit and tradition of Turkish hospitality, we once more 

welcome you all to SATF 2014, I would like to wish you a nice and enjoyable stay in the 

Çeşme, may you all return home feeling recharged and ready to continue the invaluable 

explorations. 

Best regards, 

  

Lutfi Ozyuzer 

Chair 

 

 

 

 

http://www.altinyunus.com.tr/
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Scope of the SATF 2014 Conference & Exhibition 

The SATF 2014 international conference will focus on various topics related to Thin Films 

and novel phenomena in Thin Film science and applications. 

More specifically, 

 

 Science of Thin Films and Quantum Effects 

 Theory of Structure, Surface and Interface 

 Thin Film Growth & Epitaxy 

 Nanostructured Growth 

 Optical, Optoelectronic and Dielectric Coatings 

 Organic Thin Films 

 Thin Films in Biology 

 Superconducting Thin Films 

 Thin Films in Photovoltaic Cells and Energy 

 Metallurgical Coatings 

 Applications of Electrochemical and Electroless Depositions 

 Advances in Deposition Techniques 

 Characterization and Instrumentation 

 Large Scale Coating and Industry 

 

 

 

 

 

 

 

 



v 
 

International Organizing Committee 

Local Organizing Committee  

Mustafa Guden (Honorary Chair)            Rector of IZTECH, TURKEY 

Lutfi Ozyuzer (Chair) IZTECH, TURKEY 

Gurcan Aral IZTECH, TURKEY 

Gulnur Aygun IZTECH, TURKEY 

Mehtap Ozdemir Gediz Univ., TURKEY 

Devrim Pesen IZTECH, TURKEY 

Koray Sevim IZTECH, TURKEY 

Enver Tarhan IZTECH, TURKEY 

 

Scientific Committee  

Lutfi Ozyuzer (Chair) IZTECH, TURKEY 

Bekir Aktas GIT, TURKEY 

Sahabul Alam Univ. of Dhaka, BANGLADESH 

Andre Anders Lawrence Berkeley National Laboratory, USA 

Gulnur Aygun IZTECH, TURKEY 

Paola Barbara Georgetown University, USA 

Necdet Basturk Hacettepe Univ., TURKEY 

Ibrahim Belenli Abant Izzet Baysal Univ., TURKEY 

Basak Bengu Arçelik Inc., TURKEY 

Rifat Capan Balikesir Univ., TURKEY 

Kuei-Hsien Chen National Taiwan University, TAIWAN 

Arif Demir Kocaeli University, TURKEY 

Mustafa M. Demir IZTECH, TURKEY 

Michel Duclot Université Joseph Fourier, FRANCE 

Ali Erdemir Argonne National Lab., USA 

Mehmet Ertugrul Ataturk Univ., TURKEY 

Germán F. de la Fuente CSIC-Universidad de Zaragoza, SPAIN 

Kenneth Gray Argonne National Lab., USA 

Dirk Hegemann EMPA, SWITZERLAND 

Vladislav Korenivski Royal Institute of Technology, SWEDEN 

http://web.iyte.edu.tr/~mustafaguden/
http://web.iyte.edu.tr/~lutfiozyuzer/
http://physics.iyte.edu.tr/staff/asst-prof-dr-gurcan-aral/
http://physics.iyte.edu.tr/staff/assoc-prof-dr-gulnur-aygun/
http://gediz.edu.tr/
http://web.iyte.edu.tr/biology/index.php?n=Faculty.DevrimPesenOkvur
http://web.iyte.edu.tr/~koraysevim/
http://physics.iyte.edu.tr/staff/asst-prof-dr-enver-tarhan/
http://web.iyte.edu.tr/~lutfiozyuzer/
http://www.gyte.edu.tr/personel/1040/2181/bekir-akta.aspx
http://www.du.ac.bd/department/common/facultymemberdetail.php?memberid=FMPHY20017&bodyid=PHY
http://plasma.lbl.gov/
http://physics.iyte.edu.tr/staff/assoc-prof-dr-gulnur-aygun/
http://physics.georgetown.edu/users/paola-barbara
http://www.balamyo.hacettepe.edu.tr/nb.pdf
http://www.physics.ibu.edu.tr/AcademicDetail.php?ID=7
http://www.arcelik.com.tr/default.aspx?lang=en-US
http://w3.balikesir.edu.tr/~rcapan/
http://www.iams.sinica.edu.tw/project/chenkh/home
http://akademikpersonel.kocaeli.edu.tr/arifd/
http://demirlab.iyte.edu.tr/about-2/mustafa-m-demir/
http://www.ujf-grenoble.fr/
http://www.anl.gov/contributors/ali-erdemir
http://www.atauni.edu.tr/#personel=mehmet-ertugrul~kisisel-bilgiler
http://www.unizar.es/icma/en/index.html
http://www.msd.anl.gov/gray
http://www.empa.ch/plugin/template/empa/357/*/---/uacc=heg/l=2
http://scholar.google.com/citations?user=QXCkDmsAAAAJ


vi 
 

Kamil Kosiel Institute of Electron Technology, POLAND 

Mehmet Mutlu TOBB Univ., TURKEY 

Waldemar Nawrocki Poznan Univ. of Tech., POLAND 

Salih Okur Katip Celebi Univ., TURKEY 

Ahmet Oral Middle East Technical Univ., TURKEY 

Lutfi Oksuz Suleyman Demirel Univ., TURKEY 

Ramis Oksuzoglu Anadolu Univ., TURKEY 

Mehtap Ozdemir Gediz Univ., TURKEY 

Orhan Ozturk IZTECH, TURKEY 

Devrim Pesen IZTECH, TURKEY 

Annemarie Schröder-Heber Schmitt Engineering, GERMANY 

Yusuf Selamet IZTECH, TURKEY 

Yilmaz Simsek Erlangen Univ., GERMANY 

Jochen M. Schneider Aachen University, GERMANY 

Takashi Tachiki National Defense Academy, JAPAN 

Enver Tarhan IZTECH, TURKEY 

Rasit Turan Middle East Technical Univ., TURKEY 

Takashi Uchida National Defense Academy, JAPAN 

Ugur Unal Koc Univ., TURKEY 

Eyyuphan Yakinci İnonu Univ., TURKEY 

Ekrem Yanmaz Karadeniz Technical Univ., TURKEY 

 

Supporting Students   

Hakan Alaboz IZTECH, TURKEY 

Gulsah Akca IZTECH, TURKEY 

Halil Arslan IZTECH, TURKEY 

Ayten Cantas IZTECH, TURKEY 

Yasemin Demirhan IZTECH, TURKEY 

Sena Gulen IZTECH, TURKEY 

Hasan Koseoglu IZTECH, TURKEY 

Metin Kurt IZTECH, TURKEY 

Tugce Semerci IZTECH, TURKEY 

Oyku Tanisman IZTECH, TURKEY 

http://www.ite.waw.pl/en/index.php
http://m.mutlu.etu.edu.tr/
http://cygnus.et.put.poznan.pl/~nawrocki/
http://muh.ikc.edu.tr/en/akademik-kadro/personel-detay/personel/116/Salih-OKUR
http://myweb.sabanciuniv.edu/aoral/
http://w3.sdu.edu.tr/Personel.aspx?sicilno=00499
http://academy.anadolu.edu.tr/display.asp?kod=1&acc=+rmoksuzoglu
http://gediz.edu.tr/
http://physics.iyte.edu.tr/staff/prof-dr-orhan-ozturk/
http://web.iyte.edu.tr/biology/index.php?n=Faculty.DevrimPesenOkvur
http://www.schmitt-edv.de/portal/home-edv.html
http://web.iyte.edu.tr/~yusufselamet/
http://www.pi3.physik.uni-erlangen.de/mueller/index.php?id=200&lang=en&pers=10
http://www.mch.rwth-aachen.de/
http://www.nda.ac.jp/cc/ee/en/f5/tachiki.html
http://physics.iyte.edu.tr/staff/asst-prof-dr-enver-tarhan/
http://smd.physics.metu.edu.tr/turan/
http://www.nda.ac.jp/cc/ee/en/f5/uchida.html
http://home.ku.edu.tr/~ugunal/contact.html
http://iys.inonu.edu.tr/?web=eyakinci
http://ktu.academia.edu/EkremYanmaz


vii 
 

Adnan Tasdemir IZTECH, TURKEY 

Cem Turkay IZTECH, TURKEY 

Fulya Turkoglu IZTECH, TURKEY 

Mutlu Yaman IZTECH, TURKEY 

Sebnem Yazici IZTECH, TURKEY 

Hurriyet Yuce IZTECH, TURKEY 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 



viii 
 

Altin Yunus Resort & Thermal Hotel 

MAP 

 

 

 

 

 



ix 
 

CONFERENCE PROGRAM 

  Sept. 15, Monday 

8:45-9:00   

9:00-9:30   

09:30-10:00   

10:00-10:20   

10:20-10:40   

10:40-11:10   

11:10-11:40 
  

  

11:40-12:00   

12:00-12:20   

12:20-12:40   

12:40-14:00 LUNCH 

  

14:00-19:00 Registration 

19:30-20:30 DINNER 

20:30-21:30    

21:30-23:30  Welcome Cocktail (Altin Yunus Resort & Thermal Hotel) 
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  Sept. 16, Tuesday      Ballroom Sept. 16, Tuesday           

Gerence 2 

  SC: Lutfi Ozyuzer   

8:45-9:00 Opening Ceremony           

Prof. Lutfi Ozyuzer           
SATF2014 Chairman               

Prof. Mustafa Guden         
Rector of IZTECH 

  

9:00-9:30 IS01: Ian Boyd                          
VUV Processing of Advanced 

Materials 

  

09:30-10:00 IS02: Hironori Katagiri  

Development of CZTS Thin Film 

Solar Cells by 2-Stage Process 

  

10:00-10:20 CT01: Kuei-Hsien Chen  

CZTS as Photovoltaic Material 

  

10:20-10:40 CT02: Rasit Turan             
Structuring surface of crystalline Si 

solar cell for efficient light harvesting 

  

10:40-11:10 COFFEE BREAK 

11:10-11:40 SC:Waldemar Nawrocki SC: Gulnur Aygun 

IS03: Jens Birch              
Group-III Nitride Nanorods Grown by 

Magnetron Sputter Epitaxy  

IS04: Li-Chyong Chen           

Graphene Oxides and their 

Hybrids for Solar Fuels and CO2 

Conversion Applications 

11:40-12:00 CT03: Ugur Serincan                

The Growth of Group III-V 

Compound Nanowires on Si 

Substrates by Molecular Beam 

Epitaxy 

CT06: Tsutomu Iwayama  

Luminescent Si nanocrystals 

synthesized by reactive pulsed 

laser deposition 

12:00-12:20 CT04: Fikret Yıldız      
Forming Canted Magnetic Anisotropy 

and Orientation in Epitaxially Grown 

Magnetic Thin films 

CT07: Ebru Güngör                              

Al Doping Induced Optical 

Andelectrical Properties of SOL-

GEL Prepared ZnO Thin Films 

12:20-12:40 CT05: Mohamad Reza 

Mohamadizadeh  

Photocatalytic Activity of TiO2 Thin 

Films by Hydrogen DC Plasma 

CT08: Dimitris Davazoglou  

Transition Metal Oxides as Hole 

Selective Interlayers in Organic 

Photovoltaics 

12:40-14:00 LUNCH 



xi 
 

14:00-14:30 SC: John Reno SC: Hsiang-Chen Wang 

IS05: Stanislav Mráz      

Structure Evolution of Magnetron 

Sputtered TiO2 Thin Films 

IS06: Şefik Süzer                              
XPS for Charge-Sensitive 

Analysis of Ultra-Thin Coatings 

14:30-14:50 CT09: Mehtap Özdemir 

Photocatalytic Proproperties of TiO2 

Thin Films and Fibers 

CT12: Hassan Kassem        

Vibrational properties of kinetic 

Monte Carlo simulation of 

semiconductor heteroepitaxy  on 

perfect substrates 

14:50-15:10 CT10: Dejan Klement               
First Steps Towards the Growth of 

Single-crystal SrTiO3 on Si(001) by 

Pulsed-Laser Deposition: Formation 

of a Strontium Buffer Layer 

CT13: Gülnur Aygün                          
In-situ Spectroscopic 

Ellipsometry and Structural 

Study of HfO2 Thin Films 

Deposited by RF Magnetron 

Sputtering 

15:10-15:30 CT11: Mohamed Hafez                
Growth of Gadolinium Doped Cobalt 

Titanium Ferrite Thin Films by 

Pulsed Laser Deposition 

CT14: Alexander Samoylov                             

Study of Interface Layers in  

PbTe(Ga)/BaF2/CaF2/Si 

Heterostructures by Rheed and 

High Resolution TEM  

15:30-17:30 COFFEE BREAK & POSTER SESSION  A 

  SC: Petre Badica SC: Annemarie Schröder-Heber 

17:30-18:00 IS07: Jas Pal Badyal           
Plasma Chemical Deposition of 

Functional Nanocoatings 

IS08: CheeWee Liu                  
SiGe/Ge epi Films with Photonic 

and Electrical Applications 

18:00-18:20 CT15: Hsiang-Chen Wang         
High Performance Cu2O/ZnO Core-

shell Nanorod Samples 

CT18: Joanna Cookney                   
CO2 Responsive ZIF-8 Ultrathin 

Nanofilms 

18:20-18:40 CT16: Gökhan Özgür           
Optical, Magneto-optical and 

Electrical Characterizations of co-

Sputtered ZnO:Ni Thin-Films 

CT19: Feride Sermin Utku 

Construction and Hydroxyapatite 

Coating of Meso-nanoporous 

Titania Surfaces Using 

Electrochemistry 

18:40-19:00 CT17: Süha Sipahi                 
Effect of Wafer Curvature on post-

CMP Nitride Uniformity 

CT20: Mohamadreza 

Etminanfar                          
Effect of the Surface 

Modification of Ni-Ti Smart 

alloys on the Electrochemical 

Deposition of Calcium-

Phosphate Coatings 

19:30-20:30 DINNER 
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Sept. 17, Wednesday      

Ballroom 

Sept. 17, Wednesday      

Gerence 2 

  SC: John Zasadzinski  SC: Kamil Kosiel 

9:00-9:30 

IS09: Shigetoshi Ohshima                  

Reducing Microwave Surface 

Resistance of YBCO thin Films under 

High dc Magnetic Fields by 

Introduction of Artificial Pins 

IS11: Hakan Altan  

Characterization of Various 

Nanocomposites using 

Spectroscopic Techniques in the 

THz Region 

09:30-10:00 

IS10: Kensuke Nakajima  

Terahertz Emission from Monolithic 

thin film Bi-2212 intrinsic Josephson 

Junctions 

IS12: Antonello Andreone                              

THz characterization of a 

Metamaterial-based  Spatial Light 

Modulator 

10:00-10:20 

CT21: Vladimir Egorkin     

Plasma Electrolytic Oxidation of 

Aluminium and Titanium Alloys by 

Microsecond Current Pulses 

CT23: Anna Szerling            
Ultrathin Metallic Layers for THz-

QCLs Technology 

10:20-10:40 
CT22: V. Zhukova     

Influence of the defects on magnetic 

properties of glass-coated microwires 

CT24: Patrick Rufangura                                   
Dual-band Perfect Metamaterials 

Absorbers for Solar Cell 

Applications  

10:40-11:10 COFFEE BREAK 

11:10-11:40 

 SC: Lutfi Ozyuzer   

SI01:Şener Oktik 

Coating technologies for the flat glass 

industry 

  

11:40-12:00 

SS01:Seniz Turkuz  

Temperable solar low-e coatings: 

from laboratory to industrial 

production  

 

12:00-12:20 
SS02:Gul Pekisik  

Thin Film Coated Architectural 

Glasses and Properties  
 

12:20-12:40 
SS03:Lukas Simurka  

Nano-mechanical behaviours of thin 

films on glasses  
 

12:40-13:00 
SS04:Refika Budakoglu  

Functional Coatings on Glasses by 

Sol-Gel Technology  

 

13:00-14:00 LUNCH 
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14:00-14:30 

SC: Kazuhiro Endo SC: Kuei-Hsien Chen 

IS13: John Zasadzinski      
Atomic Layer Deposition of MoN and 

NbxTi1-xN Superconducting Films 

IS14: Peter Notten               
From Materials Research to 3D-

Integrated Li-ion Micro-Batteries 

14:30-14:50 

CT25: Maxim Polyakov  

Combined Synthesis-Transport 

Technique for Copper Films 

Deposition  

CT28: Ugur Ünal                       
Effect of Deposition Conditions on 

the Morphology and Properties of 

Manganese, Iron and Zinc Oxide 

Films  

14:50-15:10 

CT26: Murad Redzheb 

Characterization of advanced k1.9, 

2.0 and 2.2 ultra-porous SiOC(H) 

films deposited by Plasma-Enhanced 

Chemical Vapor Deposition 

CT29: Ashrit Pandurang 

Nanostructured Tungsten Trioixde 

Thin Films Using a Novel 

Technique 

15:10-15:30 

CT27: Lebogang Kotsedi        
Laser Induced Oxidation of titanium 

metal thin film on glass substrate 

using femtosecond laser 

CT30: Merve Biçen                       
The Effect of Inorganic Filler on 

the Properties of Polyimide Hybrid 

Films 

15:30-17:30 COFFEE BREAK & POSTER SESSION  B 

  SC: Volkan Gunay SC: Jas Pal Badyal 

17:30-18:00 

IS15: Maria Iavarone   

 Emergence of Superconductivity and 

Vortex Confinement in 

Superconductor/Ferromagnet Hybrid 

Systems 

IS16: Aseel Hassan                      
Thin Films of Liquid Crystalline 

Phthalocyanine and Their 

Composites with Nanomaterials 

18:00-18:20 

CT31: Bengü Özuğur Uysal                           
Structural, Electrical and Optical 

Properties of SnO2 nano films by 

spin-coating method 

CT34: Manfred Stamm  
Functional Organic Coatings with 

Polymer Brushes 

18:20-18:40 

CT32: Yu Hu Yeh                
Copper electrodeposition on a 

magnesium alloy (AZ80) with a U-

shaped surface 

CT35: Aleksey Potapov 

Formation and Properties of Films 

Based on Polyvinyl Alcohol and 

Doped with Silver Nanoparticles 

18:40-19:00 

CT33: Valeriy Fedirko       
Vortices Depinning and Critical 

Current in a Superconducting slab 

with Linear Defects 

CT36: Mohamad Fariza             
The effect of pH Solution and Bath 

Temperature on Electrodeposit-n-

Cu2O Thin Film 

20:30-23:30  Gala Dinner & Turkish Night (Altin Yunus Resort & Thermal Hotel) 

http://www.altinyunus.com.tr/
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Sept. 18, Thursday      

Ballroom 

Sept. 18, Thursday       

Gerence 2 

  SC: Uğur Ünal SC: Uğur Serincan 

9:00-9:30 
IS17: Dong-Sing Wuu          

 Novel Surface-Plasmon-Enhanced 

Coatings for Light-Emitting Devices 

IS19: Hidemi Shigekawa             

Probing Ultrafast Carrier 

Dynamics by Optical pump-probe 

STM 

09:30-10:00 

IS18: Alpan Bek            
Plasmonic Large Area Thin-Film 

Interfaces for Potential Solar Cell 

Applications  

IS20: Mohamed Missous                

NanoTesla Magnetometry using 

integrated 2 Dimensional Electron 

Gas (2DEG) systems 

10:00-10:20 
CT37: Noriaki Matsunami             

Growth of Mn-doped ZnO thin films 

by rf-sputter deposition 

CT39: Zaoli  Zhang                
 Study on the Atomic and 

Electronic Structure in Metal 

Nitride Films Using Modern 

Transmission Electron Microscopy 

10:20-10:40 

CT38: Ceren Yılmaz 

Photoelectrochemical Properties of 

Electrochemically Deposited Metal 

Chalcogenide/ZnO Films 

CT40: Alexander Samoylov                              
The Critical Thickness of Prepared 

by MBE Technique Pb1-xSnxTe 

Nanolayers on BaF2 (111) 

Substrates 

10:40-11:10 COFFEE BREAK COFFEE BREAK 

11:10-11:40 

SC: Şefik Süzer SC: Mehmet Ertuğrul 

IS21: Lothar Pfitzner             

SEA – Semiconductor Equipment 

Assessment for Thin Films, their 

Metrology and Implementation into 

Manufacturing 

IS22: Satoshi  Demura 

 Electrochemical Synthesis of iron-

based Superconductor FeSe Films 

11:40-12:00 

CT41: Waldemar Nawrocki 

Technological and Physical Limits for 

Scaling of Silicon Devices in 

Integrated Circuits 

CT44: Tsutomu Iwayama                                   
Si nanocrystals Formation in SiO2 

on Si by Si Ion Implantation: The 

effects of RTA, Excimer-UV and 

e-Beam Irradiation 

12:00-12:20 

CT42: Öcal Tuna  

Electrochromic Properties of 

Tungsten Trioxide (WO3) layers 

grown on ITO/Glass Substrates by 

Magnetron Sputtering 

CT45: Rinat Iskakov      

 Lithium-Containing Silica-

Organic Polymeric Electrolytes 

12:20-12:40 

CT43: Shaoquan Jiang     

Microstructure, colossal 

magnetoresistance effect and thermal 

infrared property of annealed 

La0.7Sr0.3MnO3-δ thin films on Si(100) 

CT46: Chin Huo Chuang    

 Effect of the Cu-substrate 

thickness on the hardness variation 

of Cr-C deposits after flame 

heating 

12:40-14:00 LUNCH 

14:00-19:00 SOCIAL PROGRAM (Ephesus Tour, Sightseeing Tour, Boat Tour) 

19:30-20:30 DINNER 
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Only for 

Friday 
Sept. 19, Friday      Ballroom Sept. 19, Friday      Gerence 2 

  SC: Devrim Pesen   SC: Arif Demir 

9:00-9:30 
IS23: John Reno                       
THz Quantum Cascade Lasers 

IS25: Deepak Kumar Basa                                    
Laser and Thermal Annealing Studies of 

a-Si1-xCx:H Thin Films Deposited by 

PECVD 

09:30-10:00 

IS24: David Haviland 

Quantitative Atomic Force 

Microscopy for the 

Characterisation of Thin Films 

IS26: Daniel Lundin  
Understand High-Power Impulse 

Magnetron Sputtering (HiPIMS) through 

plasma discharge modeling 

10:00-10:20 

CT47: Shi-hua Chen                     

Optical Perception of Few-layer 

Graphenes 

 

CT49: Süleyman Er  
Computational Study of Metal-Organic 

Based Graphene Analogs 

10:20-10:40 

CT48: Yasemin Demirhan                         
Log Periodic Antenna Structures 

Fabricated from Bİ2212 Single 

Crystals 

CT50: Soner Karataş                    
a-Si:H/c-Si Heterointerface Study Using 

Solar Cell Simulation 

10:40-11:00 COFFEE BREAK 

  SC: Lütfi Öksüz   SC: Mehmet Mutlu 

11:00-11:30 

IS27: Ray Hua Horng      
Effects of Structural Properties 

and Morphologies of Ga-Doped 

ZnO Thin Films on their 

Optoelectronic Characteristics 

IS28: Kazuhiro Endo       
 Lattice Engineering and Growth 

Mechanism Control of HTS Thin Films 

and Heterostructures by MOCVD and by 

Spin Coating 

11:30-11:50 
CT51: Hamide Kavak      
Growth and characterization of 

electrodeposited ZnO thin film 

CT54: Yigit Ozan Aydin          
Solar Cell Processing by Nanosecond 

Pulsed Fiber Laser Amplifier 

11:50-12:10 

CT52: Ayça Kıyak Yıldırım                            

Effect of Potential on Structural, 

Morphological and Optical 

Properties of ZnO Thin Films 

Obtained by Electrodeposition 

CT55: Tayyar  Güngör              

 PIC Based Boxcar Averager System 

Design and Application 

12:10-12:30 

CT53: Nilüfer  Evcimen 

Duygulu                          

 Effect of r.f. Power Variation on 

Gallium Doped Zinc Oxide Thin 

Films   

CT56: Şebnem Yazıcı      
 Preparation and Characterization of  

Cu2ZnSnS4 Absorber Layer on Metallic 

Flexible Substrates    

12:30-14:00 LUNCH 
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  SC: Orhan Öztürk SC: Fikret Yıldız 

14:00-14:30 

IS29: Hasan Efeoglu    

Theoretical and Experimental 

Two Terminal Memristors: 

Preliminary Findings For Future 

Applications  

IS30: Petre Badica                
From HTS Thin Films Growth to Single 

Crystal Objects Growth 

14:30-14:50 

CT57: Bulat Z. Rameev 

Ferromagnetic Resonance 

Studies of Thin Films of 

Magnetic Oxides  

CT61: Lütfi Öksüz    

Plasma Systems in Thin Film Coating 

14:50-15:10 

CT58: Melek Kiristi                   
RF Magnetron Sputtering 

Deposited W/Ti and V2O5 Thin 

Films For Complementary All-

Solid-State Electrochromic 

Device Application 

CT62: Hasan Koseoglu  

Terahertz Imaging Using High Tc 

Superconducting BSCCO Bolometric 

Detector 

15:10-15:30 
CT59: Özge Bayraklı 

Characterization of Ag-Ga-In-Te 

Thin Films for Solar Cell 

CT63: Hakan Alaboz               
New Transfer Method of Exfoliated Thin 

Bi2Sr2CaCu2O8+δ Single Crystals on 

Sapphire for  Hot Electron Bolometer 

15:30-15:50 

CT60: Christopher Maghanga                       

Optical Properties of TiO2 Based 

Multilayer Thin Films: 

Application to Optical Filters 

CT64: Nihan Arapoğlu      
Lateral diffusion in tunsten trioxide 

oxide thin films 

15:50-16:10 COFFEE BREAK 

    SC: Lutfi Ozyuzer   SC: Bulat Z. Rameev 

16:10-17:30 

CT65: Ugur Turkan    

Development and Chracterization 

of Multiple Layer Silk 

Fibroin/Hyaluronic Acid Film on 

CoCrMo Alloy 

CT69: Abdolali Zolanvari          

Mechanical Properties Measurements of 

TiN Films Deposited by PACVD 

Technique 

 

  
CT66: Nouredine Sengouga       

Numerical simulation of bias and 

light stress on amorphous 

indium-gallium-zinc-oxide (a-

IGZO) thin film transistors 
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AGFM, FMR and BLS studies of 

CoxCr1-x/Si(100) thin films 
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Novel Selective Solar Absorber 

Coatings 
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Effect of the Interface Character 

on the Stability of ferroelectricity 

in a Semiconductor Film 

  

18:10-18:30 Concluding Remarks  
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VUV Processing of Advanced Materials 
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An increasing advantage in the production of ultrathin films and nanostructured layers, 

is the ability to fabricate at modest temperatures without the need for highly excited and 

damaging ionic species. Ultraviolet (UV) photon-induced chemistry offers not only this 

convenience, but many other unique benefits for the growth of simple and mixed layers and 

also for modification of a wide range of surfaces, such as reduced temperatures and lack of 

presence of accelerated ionic species.  

The natural decay of selected excited dimers and complexes gives rise to a wide 

spectrum of distinct narrow-band wavelengths from the near visible (354 nm) down to the 

deep UV (126 nm) which can be utilised to promote a diversity of reactions leading to the low 

temperature formation of a wide range of thin films and nanostructures. By judicious design, 

these sources can be intense, highly efficient, and cover large areas. 

The application of these excimer lamps towards nanoscale photo-deposition, doping, 

processing of carbon nanotubes, and formation of nanoparticle-impregnated oxides, will be 

described. These relatively low cost lamp systems can provide an attractive low temperature 

alternative for large-scale high temperature materials processing in a wide range of industrial 

sectors. 
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Recently, several institutes have achieved the conversion efficiency of over 20 % with 

CuIn1-xGaxSe2 (CIGS) cells. These results showed that the chalcopyrite CIGS would be the 

most promising materials toward the next generation of thin film solar cells. However, this 

system consumed some rare-metal such as indium, gallium and selenium as constituents of 

the absorber. For a rapid expansion of PV in the forthcoming future, we think that the 

problem of lack of resources will occur if we wouldn’t prepare another type of thin film solar 

cells. From this point of view, we have developed Cu2ZnSnS4 (CZTS) thin film solar cells. 

The constituents of CZTS are all earth-abundant and non- toxic materials.  

In 1988, Prof. Ito of Shinshu University of Japan fabricated successfully CZTS thin 

films using an atomic sputtering technique. Prof. Ito showed that the band gap energy of 

CZTS films was around 1.45 eV and the absorption coefficient was in the order of 104cm
-1

. 

Furthermore, he fabricated a heterojunction using both p-type CZTS and n-type Cd-doped tin 

oxide and reported the photovoltaic effect of 165 mV for the first time.  

In 1996, we fabricated successfully a CZTS thin film on a soda-lime glass (SLG) 

substrate by a 2-stage process. This process consists of an electron-beam evaporation 

followed by a sulfurization. As a result, the open-circuit voltage of 400 mV and the 

conversion efficiency of 0.66 % were obtained for the first time by making a thin film solar 

cell structure of SLG/Mo/CZTS/CdS/AZO. To improve the conversion efficiency, many 

experiments have been conducted since then. In the late 1990’s, the authors focused on 

stoichiometric CZTS films to characterize their properties. From our present viewpoint, this is 

considered as one of the reasons why the conversion efficiency was so limited.  

In this presentation, the history of the development of CZTS solar cells with the 2-

stage process in our laboratory will be surveyed. Most important topic is concerned with the 

active composition: Co-sputtering technique towards three targets is used to examine what 

proportion of the composition is desirable to increase the conversion efficiency. As a result, 

Cu-poor and Zn-rich composition is more efficient than the usual stoichiometric CZTS. And 

then, an optimization of sulfurization process by using TG/DTA system that is available in the 

H2S atmosphere will be presented. When we examined the sulfurization condition, we used 

both the results of XRF composition measurements and TG/DTA thermal analysis. It was 

confirmed that the raising rate of the substrate temperature within the certain temperature 

region affected significantly to the film properties. And some of our latest results will be 

discussed. 
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One-dimensional group-III Nitride nanorods (NR), have drawn a large interest during 

the past decade thanks to great prospects for increased quantum efficiency, higher sensitivity, 

lower heat generation, etc. as compared to bulk and quantum well-based devices.  

Magnetron Sputter Epitaxy (MSE) allows for epitaxial growth of InAlN NRs as well 

as GaN NRs.[1,2] Moreover, low temperature group-III N epilayer growth is possible by 

MSE[3] and it is easily scalable to large areas, which make it an industrially potent, yet 

unexploited, technique. 

Al1-xInxN NRs grown on ZrTiN seed layers feature In-rich cores and Al-rich shells, as 

observed by high resolution electron microscopy (HREM) and quantitative valence electron 

energy loss spectroscopy using scanning transmission electron microscopy. Such nanorods 

exhibit near band-edge optical emission at ~5 eV, as observed by cathode luminescence. The 

internal composition gradient in Al1-xInxN nanorods is also utilized for high precision tailoring 

of nanorod morphologies, such as spirals and zig-zag shapes with unique optical properties. 

For example, Al1-xInxN spirals with a pitch of ~200 nm can be designed to produce either 

fully right-handed or left-handed circularly polarized reflected light at specific wavelengths in 

the UV-regime. 

High quality GaN NRs, grown at 1000°C on Si(111), 4-H SiC(0001) and SiOx 

substrates. NRs on SiOx can be grown at thickness ~35 nm and lengths up to several µm 

without extended defects as seen in HREM. Low-temperature micro photoluminescence 

(µPL) reveal intense and sharp BE emission with a FWHM = 1.7 meV at 3.48 eV. On clean Si 

and SiC substrates, NRs emerge from nanowall structures with an epitaxial relationship to the 

substrates and planar defects can be observed in the NRs which causes the µPL to broaden to 

~13 meV. 

In conclusion, we show that MSE can be used to produce unique and high quality 

group-III N NRs, comparable to those grown by MBE.  

 
[1] C.-L. Hsiao, et al. APEX 4, 115002 (2011) 

[2] M. Junaid “Magnetron Sputter Epitaxy of GaN Epilayers and Nanorods”, Thesis 2012, Linköping Studies in 

Science and Technology. Dissertation #1482, ISBN 978-91-7519-782-1  

http://urn.kb.se/resolve?urn=urn:nbn:se:liu:diva-84655 

[3] C.-L. Hsiao, et al. Thin Solid Films 524, 113 (2012) 
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Graphene Oxides and Their Hybrids for Solar Fuels and CO2 Conversion 

Applications 
 

Li-Chyong Chen 

 
National Taiwan University, Center for Condensed Matter Sciences, 1 Roosevelt Road, Section 4, 10617 Taiwan 

 
chenlc@ntu.edu.tw 

 

Photocatalytic conversion of carbon dioxide (CO2) to hydrocarbons such as methanol 

makes possible simultaneous solar energy harvesting and CO2 reduction, two birds with one 

stone for the energy and environmental issues. This work describes a high photocatalytic 

conversion of CO2 to methanol using graphene oxides (GOs) as a promising photocatalyst. 

The modified Hummer's method has been applied to synthesize the GO based photocatalyst 

for the enhanced catalytic activity. The photocatalytic CO2 to methanol conversion rate on 

modified graphene oxide is 0.172 μmol per g-cat−h under visible light, which is six-fold 

higher than the pure TiO2. Meanwhile, we have developed a novel one-step and effective 

electrochemical (EC) method to directly exfoliate graphite into thin reduced graphene oxide 

(RGO) nanosheets at room temperature. The oxidation degree of the RGOs depends on the 

switching potentials of the EC synthesis. The high switching potential can significantly 

increase the C/O ratio of the RGOs. The ability to control the light-absorption of the RGOs by 

simply adjusting the switching potentials can be further achieved. Moreover, we also 

construct an RGO–ZnO heterojunction and investigate its photoelectrochemical (PEC) 

properties. The results show that highly photoactive RGO as a photosensitizer can make H2 

evolution easier and improve the photoconversion ability of ZnO under visible-light 

irradiation. This approach presents us with a possibility for the environmentally friendly, 

ultrafast, low-cost, and large-scale production of RGOs and great potential in solar-energy 

conversion applications of graphene-based materials. Further, Cu and MoS2 nanoparticles 

were deposited on GO as co-catalysts to enhanced the photocatalysis reaction. Not only 

methanol, but also acetaldehyde was detected. Total solar to fuel yield of 6.8 μmole per g-

cat−h has been achieved, which is 170 times enhancement relative to the commercial P-25 

photocatalyst. In all the above-mentioned hybrids, the photo- catalytic performance is always 

much better than that of constituent component when used alone. Detailed preparation and 

characterization of the catalysts will be presented. The role and interplay of the constituent 

components will also be discussed in this paper. 
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Structure Evolution of Magnetron Sputtered TiO2 Thin Films 
 

Stanislav Mráz 

 
Materials Chemistry, RWTH Aachen University, Kopernikusstr. 10, Aachen, 52074, Germany 

 
mraz@mch.rwth-aachen.de 

 

The structure evolution of TiO2 thin films deposited by RF and DC magnetron 

sputtering onto non-intentionally heated, floating, glass and Si (100) substrates was 

investigated. As the total pressure was varied from 0.15 to 4.0 Pa, corresponding to the 

pressure-distance product values from 10.5 to 280 Pa mm, rutile, anatase, and a mixture 

thereof were deposited. The pressure-distance induced changes in ion energy were quantified 

by probing the ion energy distribution functions. The ion energy during synthesis was 

additionally varied by applying a substrate bias potential ranging from floating to -100 V 

revealing a similar phase formation characteristic. While the structure evolution of the TiO2 

thin films reported in the literature exhibits a rather complex dependence on the process 

parameters, a simple correlation between the structure evolution and the ratio between the ion 

energy flux and the deposition flux was identified here. Phase pure anatase films were grown 

below 540 eV / Ti atom and phase pure rutile films were grown above 1000 eV / Ti atom. The 

here presented data suggest that the ratio between the ion energy flux and the deposition flux 

ratio defines the phase formation of TiO2 thin films during magnetron sputtering. 
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XPS for Charge-Sensitive Analysis of Ultra-Thin Coatings 
 

Sefik SUZER 

 
Bilkent University, Chemistry Department, Ankara 6800, Turkey 

 
suzer@fen.bilkent.edu.tr 

 

Unlike what is generally thought in freshman textbooks, most materials carry 

uncompensated electrical charges, as a result of electrification or electret formation. This 

phenomena is well-known to men for more than 2500 years, and has also been intelligently 

utilized for that long. An “electret” is defined as a material that develops a permanent 

electrostatic potential or a permanent dipole moment. In complete contrast to metallic and 

semiconducting systems, the atomic/molecular-level nature of electrets is poorly understood 

in most cases. Therefore, better understanding at the atomic and molecular level, i.e. the 

chemistry, is a must for more intelligent utilization of these materials. Kelvin Probe Atomic 

Force Microscopy (KP-AFM) has been the most advanced analytical tool for probing and 

quantifying the charge developed and mapping in the submicron dimensions. However, as in 

most electrical based measurements it lacks chemical specificity. Spectroscopic techniques 

like IR, NMR or variants of them coupled with scanning probe techniques like NSOM, etc. 

have excellent chemical specificity, but they are not sensitive to charge and/or electrostatic 

potentials developed. In this respect, ESR and EPR techniques have been quite successful for 

analysis of trapped charges on polymer and/or oxide surfaces, especially in combination with 

other surface specific techniques. However, use of these techniques are also limited since they 

can probe only radicals and paramagnetic species. Unlike common optical spectroscopic 

techniques, XPS is a charged particle based chemical analysis technique, extremely sensitive 

to the electrical potentials developed due to uncompensated charges. In the early days of XPS, 

charging was considered as a nuisance for characterization of insulating (electrets) materials. 

Hence elaborate compensation methods were developed using low energy electron and/or 

ions to minimize it. However, complete removal is only an ideal, and besides one can learn a 

lot by controlled use of the charging/discharging phenomena (a blessing). The generated 

photoelectrons’ energy is influenced by the local electrical potential(s) (Vloc) resulting from 

charge accumulation, in addition to the chemical identity of the atoms, which is the mainstay 

of the technique. There are a myriad of chemical, physical, thermal, optical, mechanical 

phenomena contributing to charge accumulation on materials and/or surface structures, all 

amenable to charge sensitive XPS analysis. It is equally surprising that, although XPS has 

been utilized for more than 5 decades, this capability is almost completely left-out, untapped, 

and not utilized, except by few groups around the globe. We will describe its power by giving 

a variety of applications from our recent work, particularly related to ultra-thin coatings. 
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Plasma Chemical Deposition of Functional Nanocoatings 
 

Jas Pal Badyal 

 
Durham University, Chemistry Department, Durham University, Durham, DH1 3LE, United Kingdom 

 

j.p.badyal@durham.ac.uk 
 

The worldwide market for functional surfaces exceeds $50 billion per annum (US 

Department of Energy). A key driver is the added value that can be imparted to commercial 

products by the molecular engineering of their surface properties. For example, the 

cleanliness of optical lenses, the feel of fabrics, the resistance of biomedical devices to 

bacteria, the speed of computer hard disks, and even the wear of car brake pads are all 

governed by their surface properties. The fabrication of such surfaces requires the 

incorporation of specific functional groups; for which there exists no shortage of potential 

methods including: self-assembled monolayers (SAMs), Langmuir-Blodgett films, dip-

coating, grafting, chemical vapour deposition, to name just a few. However such techniques 

suffer from drawbacks including substrate-specificity (cannot be easily adapted to different 

materials or geometries) and environmental concerns associated with the utilization of 

solvents, strong acid / base media, or heat. Plasma surface functionalization is a promising 

alternative which offers a wide range of benefits including low energy consumption, absence 

of solvents, minimal waste, rapid treatment times, scalability, and ambient processing 

temperatures. Some innovative plasmachemical functionalization approaches will be 

described for the molecular tailoring of solid surfaces so as to make them super-repellent, 

catalytic, bioactive, non-fouling, thermoresponsive, rewritable, opto-chiral, antibacterial, 

capture and release, or nano-actuated. The application of this research has led to 37 patent 

families and the establishment of 3 successful start-up companies (Surface Innovations Ltd, 

Dow Corning Plasma Ltd, and P2i Ltd). 
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SiGe/Ge Epi Films with Photonic and Electrical Applications 
 

Chee Wee Liu 

 
Department of Electrical Engineering, National Taiwan University 

 
Chee@cc.ee.ntu.edu.tw 

 

Since the Γ valley is 140 meV above than L valley, Ge is of the great interest for light 

emitting material. The direct band gap (1550 nm) emission is useful for optical interconnect 

and telecommunication. Metal-insulator-semiconductor (MIS) light-emitting diodes (LEDs) 

such as bulk Ge, SiGe quantum dot (QD), and quantum well (QW) can cover the 

luminescence spectra up to 2.2 µm. A novel photodetector using the tunneling structure 

makes the device operate in the deep depletion region for the IR detection. The broadband 

absorption of SiGe/Si QD IR photodetector is also demonstrated. 

For the technology nodes of 10 nm and beyond, the high mobility channels (Ge/GeSn 

and III-V) are required to enhance drive current, and new device architectures (FinFET, tri-

gates, and GAA FETs) are desired to reduce power and short channel effect. To further go 

beyond the limitation of Si channels, the Ge channels directly on Si holding substrate seem to 

be the most feasible candidate for commercialization. Ge integrated with Si is not 

straightforward since the 4 % mismatch between Ge and Si generates the misfit and 

dislocations. The misfits of the bottom Ge can be removal by anisotropic etching. The nearly 

defect-free Ge channel can be formed for GAA transistors. The Ge GAA pFETs and nFETs 

have been demonstrated with the good electrical performance. 
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Reducing Microwave Surface Resistance of YBCO Thin Films under High 

dc Magnetic Fields by Introduction of Artificial Pins 
 

Shigetoshi Ohshima 

 
Faculty of Engineering, Yamagata University, Yonezawa 992-8510, Japan 

 
ohshima@yz.yamagata-u.ac.jp 

 

It is well known that microwave surface resistance (Rs) of YBa2Cu3O7-d (YBCO) thin 

films is approximately three order magnitude smaller than that of copper films, however, the 

Rs of YBCO thin films increases with increasing applied dc magnetic fields rapidly. We 

investigated the effect of introducing artificial pinning centers (APCs) into YBCO thin films 

to reduce the Rs under dc magnetic fields. YBCO thin films with and without BaMO3 (M=Zr, 

Hf) on MgO substrate were fabricated by using pulsed laser deposition technique. The film 

thickness was 300nm. We used mix targets of BaMO3 and YBCO to dope BaMO3 to YBCO. 

The dopant of BaMO3 was changed from 1.0 to 3.0 wt %. The temperature dependence of the 

Rs was measured by dielectric resonator method. The magnetic field was applied normal to 

the substrate plane and changed from 0 to 5 tesla. The temperature was changed from 4.2 K to 

80K. 

The Rs of the YBCO with and without BaMO3 increased with increasing applied dc 

magnetic field in all the temperature region, however, we found that Rs(H) of YBCO with 

BaMO3 thin films was small change compared with Rs(H) of YBCO thin film. The Rs at 

1GHz, 5tesla and 20K were as follows; YBCO=30 micro-ohm, YBCO with 1.5wt% BHO=16 

micro-ohm, YBCO with 1.5wt% BZO=18 micro-ohm, YBCO with 3.0wt% BHO=21 micro-

ohm, YBCO with 3.0wt% BZO=28 micro-ohm. The YBCO thin film with added 1.5wt% 

BaHfO3 had the smallest Rs. K. Matsumoto et al reported that the critical current density (Jc) 

of YBCO thin films with added about1.5wt% BHO was the largest compared with that of 

YBCO and YBCO with BZO thin films. In addition, we have reported the relationship 

between Rs and Jc. The Rs is in inverse proportion to the Jc. Therefore, we can explain that the 

reducing microwave surface resistance of YBCO thin films is occurred by introduction of 

artificial pins. 
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Terahertz Emission from Monolithic Thin Film Bi-2212 Intrinsic Josephson 

Junctions 
 

Kensuke Nakajima 

 
Yamagata University, 4-3-16 Jonan, Yonezawa, 992-8510, Japan 

 

nakajima@yz.yamagata-u.ac.jp 

 

 Since the first successful terahertz wave emission from mesa type intrinsic Josephson 

junction made of a small flake of single Bi-2212 crystal[1], few groups have replicated the 

emission from the intrinsic Josephson junctions made of single crystal flakes to study 

emission mechanism. Besides studies on the mechanism, engineering studies on device design 

including material developments is also important from application point of view. We have 

first developed monolithic device consisting of step edge type intrinsic Josephson junction 

(SEIJJ) made of Bi-2212 thin films grown by the capped-LPE method on step engraved MgO 

substrates. The SEIJJ exhibit excellent heat dissipation compared with those made of single 

crystal flakes. In this paper, we report monotonic terahertz wave emission from the voltage-

biased step edge type intrinsic Josephson junctions up to 75K. Frequency of emission is 

measured by a terahertz lamellar grating interferometer to be around 0.6 THz. It is shown that 

the bias voltage satisfies the Josephson relation multiplied by the number of junction 

consisting of Cu-O double layers of Bi-2212 crystal and the frequency is in good agreement 

with the half wave resonance frequency of the junction width. These results will prove that 

the monolithic Bi-2212 SEIJJ device is possible terahertz emitting device operating at 77K.  

 
*This work was supported in part by a Grant-in-Aid for Scientific Research B (No.20360151) from the Japan 

Society for the Promotion of Science (JSPS). A part of this work was carried out in the clean room of Yamagata 

University.  

 
References 

[1] L. Ozyuzer et al, Science 318, 1291 (2007).  
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Characterization of Various Nanocomposites using Spectroscopic 

Techniques in the THz Region 
 

Hakan Altan 

 
Middle East Technical University, Physics Dept, METU, Universiteler Mah Dumlupinar Bulv No 1, Cankaya 

6800, Ankara, Turkey 

 
haltan@metu.edu.tr 

 

 Nanocomposite materials can be characterized as a medium where some conducting or 

semiconducting nanosized particle is embedded in a host dielectric. Such structures are 

typically grown as films on various substrates. Film structures can have varying optical and or 

electrical properties based on the nano-constituent. To determine the changes in these 

properties a variety of techniques can be implemented. One technique, equivalent to non-

other, which has proven to garner attributes such as the electrical properties of these films, has 

been Time-Domain and its dynamical counterpart Time-Resolved THz Spectroscopy. Over 

the last few years the latter technique has been regarded as an excellent tool to understand the 

conductivity of various nanocomposite films. In this talk these techniques will be discussed in 

light of measurements we have performed in our own laboratories on various films.  
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THz Characterization of a Metamaterial-Based Spatial Light Modulator 
 

Antonello Andreone 

 
University of Naples "Federico II", Piazzale Tecchio 80, Naples I-80125, Italy 

 
andreone@unina.it 

 

The aim of this work is to investigate new classes of artificial materials exhibiting 

unconventional properties in order to build novel devices operating in the Terahertz regime. 

We focus on the design, fabrication and characterization of tunable metamaterials with unit 

cells based on Split Ring Resonators. By incorporation of a nematic liquid crystal in the 

structure, we observe a frequency shift in the resonant response over 10% in bandwidth and 

more than 10 dB change in the signal absorption. We discuss how such a hybrid structure can 

be exploited for the development of a THz spatial light modulator. 
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Atomic Layer Deposition of MoN and NbxTi1-xN Superconducting Films 
 

John Zasadzinski 

 
Illinois Institute of Technology, Physics Department, Life Science, 3101 S. Dearborn, Chicago, IL 60616, United 

States 

 
zasadzinski@iit.edu 

 

Atomic layer deposition (ALD) is a sequential, self-limiting, chemical deposition 

process that can create thin films and multilayers with monolayer control. Additional 

advantages include a relatively low substrate temperature as well as the ability to conformally 

coat unusually * shaped objects (e.g. multifilament wires and RF cavities). We report here the 

ALD deposition of MoN and NbxTi1-xN superconducting thin films grown on various 

substrates (Si, sapphire, quartz) at 450 °C with transition temperatures, Tc ~ 12K and 13K 

respectively. Films have been characterized by XRD, electric transport R(T), critical current 

density, and superconducting tunneling spectroscopy. Artificial tunnel barriers of Al2O3 (1-3 

nm thick) also grown by ALD are shown to provide much improved tunneling characteristics 

compared to the native oxide. Relatively high quality superconducting gap features are 

observed in the tunneling conductance with zero bias conductances typically ~ 10% of the 

high bias value. For both materials the superconducting gap closes near the measured Tc 

indicating bulk superconductivity at the surface. The suitability of such films for electronic 

devices, including Josephson junctions and superconducting RF cavities, will be discussed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Science and Applications of Thin Films, Conference & Exhibition (SATF 2014) 
Çeşme, Izmir, Turkey, September 15 to 19, 2014 

15 
 
 

 

IS14 

From Materials Research to 3D-Integrated Li-ion Micro-Batteries 
 

Peter Notten 

 
Eindhoven university of technology, Den Dolech 2, Eindhoven 5600 MB, Netherlands 

 
p.h.l.notten@tue.nl 

 

Planar thin-film lithium ion batteries nowadays reveal excellent reversible 

electrochemical performance. To increase the energy density of these thin-film batteries, 

novel approaches have been proposed. One of the new concepts is based on the etching of 

deep 3D-structures into a silicon substrate, increasing the effective surface area significantly. 

In combination with advanced materials new opportunities are obtained to increase the energy 

density further. Silicon and Germanium turned out to be excellent candidates for Li-storage 

electrode materials. About 4 Lithium atoms can be stored per Si/Ge atom. The volume 

expansion is, however, tremendous inducing material deterioration. In order to cope with this 

various approaches has been adopted. Nano-wires were found to be too mechanically 

sensitive to be applied in all-solid-state battery stacks. Honeycomb structure has recently also 

been proposed. Striking reversible materials deformation has been reported upon 

(de)lithiation. Finally, thin films turned out to extremely stable and the Lithium concentration 

profiles has recently been in situ characterized by Neutron Depth Profiling (NDP). 
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Emergence of Superconductivity and Vortex Confinement in 

Superconductor/Ferromagnet Hybrid Systems 
 

Maria Iavarone 

 
Temple University, Physics Department, Barton Hall 1900 N. 13 Street PhiladelphiaUnited States 

 

iavarone@temple.edu 

 

Magnetically coupled superconductor-ferromagnet systems have been studied by low 

temperature Scanning Tunneling Microscopy and Spectroscopy.The stray field of the 

ferromagnet induces a non-uniform superconducting state characterized by a local 

superconducting critical temperature Tc and a non monotonic behavior of Tc vs H close to the 

critical temperature [1,2]. We studied Pb/[Co/Pd] systems and we visualized the emergence of 

superconductivity in regions above the separation between adjacent magnetic domains, as 

well as reverse domain wall superconductivity. Moreover, deep in the superconducting state 

vortices of opposite polarity are induced by the stray field of the ferromagnet in zero applied 

external field and they are strongly confined on the stripe of the same polarity. The nucleation 

of spontaneous vortex-antivortex strongly depends on the domain width. Our results 

demonstrate that such S/F structures are attractive model systems that offer the possibility to 

control the strength and the location of the superconducting nuclei. 

 
[1] Yang Z., Lange M., Volodin A., Szymczak R., and Moshchalkov V.V., Nature Mater. 3, 793 (2004) 

[2] Aladyshkin A. Yu., Buzdin A. I., Fraerman A.A., Melnikov A.S., Ryzhov D.A., and Sokolov A. V., Phys. 

Rev. B 68, 184508 (2003)  
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Thin Films of Liquid Crystalline Phthalocyanine and Their Composites 

with Nanomaterials 
 

Aseel Kadhim Hassan 

 
Sheffield Hallam University, 153 Arundel Street Cantor Building, Sheffield, South Yorkshire S1 2NU, United 

Kingdom 

 
a.hassan@shu.ac.uk 

 

Phthalocyanine molecules and their substituted derivatives represent a very interesting 

class of materials, which has been studied for long as model organic semiconductor. Their 

unique structure can be chemically tuned in order to suit a broad range of applications; among 

those are chemical detection, organic field effect transistors (OFETs) and photovoltaic (PV) 

devices are of special interests. In this talk peripherally substituted metal phthalocynanine 

molecules with liquid crystalline properties are prepared as thin films and their self-

organisation behavior is discussed. These discotic molecules can adopt two characteristic 

orientations of columnar superstructures on surfaces, both are required for electronic device 

applications with different geometries; the edge-on orientation of the discotic molecules 

(homogeneous alignment) has the discotic molecules and columns parallel to the substrate 

surface whereas in the face-on orientation (homeotropic alignment) the molecules and 

columns lie parallel to the substrate surface. The electrical and optical properties of both types 

of supramolecular structures of liquid crystalline MPc films are discussed in detail. The study 

will also highlight the hybrid structures of these molecules with different nano-structures such 

as gold nanoparticles and carbon nanotubes and their possible device applications. 
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Novel Surface-Plasmon-Enhanced Coatings for Light-Emitting Devices 
 

Dong-Sing Wuu 

 
Department of Materials Science and Engineering, National Chung Hsing University, Taiwan, R.O.C. 

 
dsw@dragon.nchu.edu.tw 

 

In this study, a surface-plasmon-enhanced light-emitting device (SPE-LED) was 

successfully fabricated by improving the external quantum efficiencyvia the increase of light 

extraction efficiency of the device. We have demonstrated a spin coating process as a promise 

method, which was used a nano-Ag solution coated on p-GaN layer as the grating structure. 

The benefits of spin coating include fast process time, higher production yield, lower cost, 

and high uniformity over the curved surface. Moreover, the size, density, and periodic 

distance of metallic nanostructures can be controlled by the some conditions, such as a spin 

coating rate, thermal annealing condition and concentration of the nano-Ag solution. 

Subsequently, an evaporated 200-nm-thick indium tin oxide (ITO) as an ohmic contact layer 

was deposited on the Ag nanoparticle top layer. Based on the atomic force microscopy, 

scanning electron microscopy and transmission electron microscopy, the structural properties 

of ITO/p-GaN with Ag nanoparticles have been investigated. Consequently, it is expected that 

the LED performance can be improved significantly via an assistance of the three-

dimensional distribution of nanoparticles. For revealing the superiority of device performance 

on SPE-LEDs, the other conventional LEDs without Ag nanoparticles were also fabricated for 

comparison. 
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Plasmonic Large Area Thin-Film Interfaces for Potential Solar Cell 

Applications 
 

Alpan Bek 

 
Middle East Technical University, Physics Department, Dumlupınar Blv. 1, Ankara 6800, Turkey 

 
bek@metu.edu.tr 

 

Single and double plasmonic interfaces consisting of silver nanoparticles (Ag NPs) 

embedded in media with different dielectric constants including SiO2, SiNx and Al:ZnO, have 

been fabricated by a self-assembled dewetting technique and integrated to hydrogenated 

amorphous silicon (a-Si:H) films. Single plasmonic interfaces exhibit plasmonic resonances 

whose frequency is red-shifted with increasing NP size and with the thickness of a dielectric 

spacer layer. Double plasmonic interfaces exhibit resonances consisting of double minima in 

the transmittance spectra. The optical extinction of a-Si:H deposited on these interfaces is 

broadened into the red indicating higher absorption and/or scattering at wavelengths higher 

than those typically absorbed by a-Si:H without plasmonic interfaces. Additionally, we study 

the potential of textured Al:ZnO films decorated with plasmonic metal NPs for enhancing 

incident light absorption in the active layer of a solar cell (SC). Textured Al:ZnO has strong 

scattering properties of light. Ag NPs can serve as efficient light scattering centers to increase 

the optical path length of light in the absorber layer of SCs, as they possess localized surface 

plasmons. We fabricate an optimally textured Al:ZnO layer using a single step HCl chemical 

etching procedure. Our results show that Al:ZnO layers textured this way provide drastic 

increases in the transmittance haze and may provide from 95 % to 220 % enhanced diffuse 

transmittance over entire solar spectrum. Moreover, using the simple dewetting technique at 

moderate temperatures, Ag NPs were fabricated on as-deposited (flat) and textured Al:ZnO 

layers. Combined Al:ZnO and Ag NPs as a single light trapping interface can act as the front 

surface of a thin film SC. We observe that the plasmonic interfaces resonate in the visible and 

near infrared portion of the spectrum which is consequential for trapping the incident photons 

in the thin layers of the SC.  
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Probing Ultrafast Carrier Dynamics by Optical Pump-Probe STM 
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In the field of nanoscale science and technology, the addition of high temporal 

resolution to scanning probe microscopy (SPM) has been attracting considerable attention 

since its invention. We have been developing a microscopy technique that simultaneously 

realizes the spatial resolution of scanning tunneling microscopy (STM) and the temporal 

resolution of ultrashort-pulse laser technology, i.e., optical pump-probe (OPP) method [1-7]. 

The combination of STM with optical technology has advantages to enable the analysis of 

photo-induced dynamics on the nanoscale as well as the realization of ultrafast time-resolved 

microscopy. In OPP-STM, a non-equilibrium carrier distribution is generated using ultrashort 

laser pulses and its relaxation processes are probed by STM based on the OPP method. By 

combining the microscopy with atom tracking technique, even a single-atomic-level analysis 

of the carrier dynamics has become possible [5-7]. Furthermore, with the development of a 

new modulation technique of circularly polarized light, detection of spin dynamics has been 

realized [8]. The relaxation of spins optically oriented in quantum wells formed by 

GaAs/AlGaAs was observed independently. Furthermore, spin precession in GaAs sample 

under a magnetic field was successfully probed using tunneling current by the time-resolved 

STM. Details will be discussed with the recent results at the conference. 
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The high electron mobility of III-V compound semiconductors has been a prime 

advantage for their use as magnetic sensors in application requiring high sensitivity and/or 

harsh environments conditions. Traditional bulk compounds semiconductors have 

demonstrated ability to measure magnetic fields around the 1µT level precluding them from 

many applications where higher resolution/sensitivities are needed. 

When combined in the form heterojunctions the enhanced mobilities permit operations 

down to or below 1 nT making them very competitive with GMR and AMR sensors while 

preserving a remarkable dynamic range since being inherently non-magnetic these sensors do 

not saturate. The heterojunction Hall sensors have the potential to also double up as 

transistors and thus offer the possibility of opening up the way for a new technology that 

combines both magnetic sensing with electronics conditioning circuitry on the same chip. 

Commercially available Hall Effect ICs are all based on Silicon CMOS technology 

mainly due to their small dimension and low cost. However, short comings of theses ICs 

include low magnetic field sensitivity, limited operating frequency range and high power 

consumption. In order to provide a higher sensitivity, lower field detectability and wider 

operating frequency range, a new type of Hall integrated circuits have been developed, which 

utilises a two Dimensional Electron Gas (2DEG) system. The high electron mobility and the 

moderate sheet carrier densities permit both magnetic and circuit functionalities in a similar 

manner to CMOS Hall ICs. These integrated Hall ICs are based on the GaAs-InGaAs-AlGaAs 

system, which is a relatively mature technology enabling accurate modelling and simulation 

of transistors for the development of Process Development Kits (PDK). All circuit elements 

required for successful integration have been developed in an effort to design and fabricate 

low power integrated Hall ICs with unprecedented sensitivities.  

2DEG Hall sensor, current source, differential amplifier, comparator and source 

follower were designed and integrated to form the first highly sensitive, low power (~18 mW) 

III-V DC unipolar Hall integrated circuit. This is a three terminal device which utilises 2 µm 

gate length technology, offering very high yields and at least ~50% higher switching 

sensitivity (~6 mT) compared to existing commercial unipolar ICs. Linear Hall Effect 

Integrated Circuits (LHEIC) were also been developed. These LHEIC have a state-of-the-art 

sensitivity of 533 µV/µT and are capable of detecting magnetic fields as low as 177 nT (in a 

10 Hz bandwidth), at frequencies from ~100 Hz to 200 kHz. This provides at least an order of 

magnitude improvement in sensitivity and a factor of four improvements in detectability of 

small fields, compared to commercial Si linear Hall ICs.  

Future applications and implications for the feasibility of 2D magnetic imaging 

systems leading to Magnetic cameras will be discussed. 
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The European position as a supplier of micro- and nanoelectronics and as a supplier of 

Semiconductor Manufacturing Equipment and Materials has been altered significantly over 

the past two decades. The number of IC-manufacturing sites in Europe has remained almost 

constant - whereas other regions especially in the Far East have grown heavily - a strong 

paradigm shift has occurred. In fact, the number of European leading edge IC–manufacturers 

has decreased. However, a new spectrum of European produced devices is rapidly growing 

and can be summarized by More-than-Moore devices, power devices and 3D-devices. Such 

semiconductor devices require that paradigm shift in processing technology as well as in 

equipment, in materials and in manufacturing.  

To maintain and to increase the percentage of Integrated Devices produced in Europe, 

a bunch of supporting activities along the whole supply chain has been conducted in the past. 

Accompanied by regional and national micro- and nanoelectronic programs, several 

Framework Programs of the European Commission as well as focused research and 

technology activities like MEDEA and CATRENE, or Public-Private Partnerships like 

ENIAC and ECSEL were founded.  

The first period strongly supported the research and development for lithography and 

its periphery, followed by other tool development projects. One of the most successful 

programs succeeded and started almost 20 years ago: SEA–Semiconductor Equipment 

Assessment partly accompanied, but mainly followed by an impressive number of processing 

tool assessment.  

An overview of historical projects, followed by a detailed description of recent 

activities will be given with a focus on thin film deposition tools and thin film metrology 

equipment. Examples and results from the latest European SEA projects SEA-NET, SEAL 

and SEA4KET will be presented which demonstrate the great benefit that can be achieved by 

the dedicated collaboration of equipment suppliers, research institutes and end-users. In 

addition, innovative strategies in the implementation into manufacturing will be presented. 
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We have successfully synthesized the iron-based superconductor FeSe by 

electrochemical deposition. This electrochemical synthesis is not only a fast and low-cost 

method to fabricate thin films over large areas but also easy to apply to the superconducting 

tape fabrication and coating. In addition, FeSe has a high upper critical field and the simplest 

structures with less toxicity. Therefore, the synthesis of FeSe using electrochemical 

deposition is a promising method for superconducting applications. Here, we report the 

fabrication of FeSe using the electrochemical synthesis. These obtained samples were 

measured by powder x-ray diffraction and energy dispersive x-ray spectrometry to find the 

appropriate conditions. The composition ratio of Fe and Se can be controlled by the synthesis 

voltage and pH value. As a result, FeSe with the composition ratio of Fe : Se = 1 : 1 was 

fabricated at a voltage of -0.9 V and pH 2.1, and exhibited the superconducting transition at 

8.1 K. Furthermore, FeSe deposited on Fe Plate shows zero resistivity after annealing in 

evacuated quartz tube. This result suggests that FeSe tapes can be fabricated using the 

electrochemical synthesis. We will present the detail of the electrochemical deposition of 

FeSe. 
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 Terahertz (1-10 THz, or 4-40 meV, or 30-300 µm) frequencies are among the most 

underdeveloped electromagnetic spectra, even though their potential applications are 

promising for spectroscopy in chemistry and biology, astrophysics, plasma diagnostics, 

remote atmospheric sensing and imaging, noninvasive inspection of semiconductor wafers, 

and communications. This underdevelopment is primarily due to the lack of coherent solid-

state THz sources that can provide high radiation intensities (greater than a milliwatt). The 

recent progress of the THz quantum cascade laser (QCL) makes it an attractive candidate for 

this application because of its compact size and high output power. We will present results 

ranging from MBE growth with monolayer precision, to laser design and fabrication, to basic 

laser physics studies, to demonstrations of systems such as a frequency comb and real time 

video. This wide range of results comes from a group of CINT users spread over numerous 

institutions and locations. 
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Recent advances in the field dynamic Atomic Force Microscopy (AFM) have enabled 

a calibrated and quantitative measurement of tip-surface force at every pixel of an image 

produced while scanning and normal speeds (1 line per second). This progress opens the door 

to a new understanding of tip-surface interaction, and new methods of characterisation of thin 

films. This talk will describe the basic problems associated with reconstructing tip-surface 

force from a measurement of cantilever deflection. We describe a method based on 

interpreting the non-linear response of the oscillating cantilever which makes optimal use of 

the enhanced force sensitivity in the frequency band near a high quality factor resonance. The 

application of this method to probe the mechanical response of soft liquid-like polymer 

surfaces will be given. It will also be demonstrated how the reconstruction of electrostatic 

forces is used to map the optical activity of photovoltaic materials. 
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Hydrogenated amorphous silicon carbon films of different carbon content deposited by 

plasma enhanced chemical vapour deposition (PECVD) technique, were subjected to excimer 

laser annealing as well as thermal annealing by varying laser power density Ed from 123 to 

242 mJ/cm
2
 and annealing temperature Ta from 250 to 1200 °C respectively. The films were 

characterized by X-ray diffraction, Raman ,Fourier transform infrared spectroscopies and also 

field emission scanning electron microscopy, before and after annealing treatment in order to 

understand the role of carbon content, laser power density and the annealing temperature on 

the properties of these films. It is demonstrated that for the laser annealed films cubic silicon 

carbides are formed for carbon content ≥ 0.18 as well as for the laser power density ≥ 188 

mJ/cm
2
 respectively. For thermal annealed samples, on the other hand, micro crystalline SiC 

and polycrystalline hexagonal SiC are observed for the annealing temperature at 800 and 

1200 °C respectively. Finally, it is shown that the crystallization is confined to very thin top 

layer for the laser annealed films while it is extended to the entire sample for the thermal 

annealed films.  
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High-Power Impulse Magnetron Sputtering (HiPIMS) is a novel sputtering-based 

ionized physical vapor deposition technique. The major difference between HiPIMS and 

conventional sputtering techniques, such as DC magnetron sputtering (DCMS), is that 

HiPIMS has the added advantage of providing substantial positive ion formation of the 

sputtered material. This results in improved quality of the film/substrate interface, denser 

coatings, and better deposition on complex geometries (non-flat surfaces). However, the 

physical mechanisms operating in the HiPIMS plasma are still far from being completely 

understood. Examples of these scientific challenges are: 1) Highly energetic ions, which are 

somehow accelerated in the HiPIMS plasma, 2) substantial depletion of the process gas 

leading to a reduction of ions available for sputtering, and 3) increased process 

stability/process window during reactive thin film deposition as compared to DCMS. 

In this talk I will address some of these issues and show how we can tackle them 

through computational modeling benchmarked with experiments. First a time-dependent, 

zero-dimensional (i.e. volume averaging) plasma chemical model (IRM) will be used, which 

calculates the time evolution of neutral and charged species in sputtering magnetron 

discharges. It follows both the internal collision-induced reactions and the particle fluxes 

across the boundaries. Using the IRM, gas depletion as well as the onset and development of 

self-sputtering in HiPIMS have been studied. Details on the internal mechanisms and 

reactions will be presented. Furthermore, a kinetic 3D model (OMEGA) for the transport of 

particles out into the bulk plasma towards the substrate will also be presented, and it will be 

shown that simulated velocity distributions (vdf:s) of the sputtered particles agree well with 

experimentally obtained profiles using laser-based diagnostics. 
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Ga-doped ZnO (GZO) thin films were fabricated. When the Ga concentration was 

sufficient, it partially converted the crystalline structure from (002) ZnO to (100) and (101) 

ZnO. The internal stress due to the replacement of Zn with Ga could be the origin of this 

dominant crystalline structure. Rapid thermal annealing (RTA) enabled the GZO thin films to 

improve their crystallinities that could be cause by stress releasing. Crystalline and optical 

transmission properties of GZO samples, studied by high-resolution X-ray and N&K 

techniques, were consistent. Likely RTA treatment provided sufficient energy for Ga 

elements in some of the samples to transfer from the interstitial sites the main lattice sites. 

This phenomenon was explored by a photoluminescence spectroscope. The resisitivities of the 

RTA- treated GZO, recorded by a Hall measurement was decreased, which conforms the 

decrease in the work function obtained by ultraviolet photoelectron spectroscopy. 
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High temperature superconductors (HTS) have a high potential for device applications 

such as SQUID, Josephson junction and terahertz devices. In order to realize these devices, 

high quality epitaxial (in-plane) HTS thin films and/or heterostructures with controlled out-of-

plane orientation are necessary. Orientation control is important because HTS have a large 

anisotropy that can be exploited for the design and fabrication of new devices.  

In our presentation we shall focus on the aspects of orientation control through the 

lattice mismatch between the substrate and the film(s). Some details are concerned with lattice 

mismatch anisotropy engineering. Also some other growth approaches, e.g. using artificially 

patterned steps on the substrates for the precipitate-free growth or the modification of the 

growth mechanism from a 2D layer-by-layer to a step flow type for the roughness decrease 

and improvement of the morphology uniformity when switching from flat to vicinal substrates 

will be presented. A two-temperature (template) growth will be also discussed. Some 

specifics of the MOCVD and of the related MOMBE, as well as of spin coating methods will 

be introduced in a comparative manner. Our presentation allows a better understanding of the 

perspectives and some challenges in thin films growth.  

As a result of different growth approaches and their combinations, various top quality 

thin films with different orientations were obtained. Thin films were used to fabricate 

heterostructures with c-axis and non c-axis orientations and some examples will be addressed 

illustrating some key details of structural and chemical compatibility between the composing 

layers of a heterostructure.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Science and Applications of Thin Films, Conference & Exhibition (SATF 2014) 
Çeşme, Izmir, Turkey, September 15 to 19, 2014 

30 
 
 

 

IS29 

Theoretical and Experimental Two Terminal Memristors: Preliminary 

Findings for Future Applications 
 

Hasan Efeoglu 

 
Ataturk University, Faculty of Engineering, Department of Electric and Electronics, Erzurum, Turkey 

 
hefeoglu@atauni.edu.tr 

 

Memristor is known the fourth passive device in electronics after theoretical prediction 

by Chou in 1971 without physical example. Lately, in 2008, memristive behaviour of 

Pt/TiO2/Pt realised for the first time by HP researchers. In ideal case memristor is defined by 

a state-depended Ohm’s Law. Theory says that the resistance of memristor has to change 

when ever current pass over it and remain constant if current is set to zero. In literature 

resistive ram (RRAM) is called to be the next generation memory with high density which is 

beyond present limits. Physical processes causing to switching in ion-migration based 

memristors are drift-diffusion-thermophoresis and Mott transition in locally active structures. 

Mathematical models used in simulations are too complex for analytical and numerical 

solutions. In simple form memristor having gradual resistance change with ion diffusion. At 

first glance this property giving us an opportunity to direct data storage with multilevel 

resistance setting, similar to biological systems. But current used to read the resistance value 

causes to resistance change and that results uncertainty and then data lost by the time. This 

restricts the direct multilevel data storage but it is to be solved by proper signal polarity and 

symmetry. In this talk experimental findings from metal/TiO2/metal structures to be 

discussed. 
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Thin films of different oxidic materials, in general, and of high temperature 

superconductors (HTS), in particular, are intensively studied. These films and their layered 

heterostructures are of much interest for different applications. However, in the last years 

different crystalline objects (sometimes at nanoscale) are gaining more attention and their 

potential is investigated, among others, for electronics and sensors applications.  

In the HTS systems, ribbon-like whiskers have been grown and used for applications 

such as Josephson junctions, SQUID, terahertz devices and qubit memories, and others. In the 

case of thin films, the substrate is an intrinsic part of the substrate-film system, while for the 

whiskers they have the advantage of being ‘free of the substrate’. This degree of freedom is 

highly necessary if targeting observation of the effects that are controlled by the size decrease 

to nano-scale as well as by the shape of the whisker-like object.  

In this presentation we explore growth details and growth mechanism for a better 

understanding of the key criteria for the controlled growth of single-crystal-like objects of 

HTS. However, some other materials and their crystal objects will be also presented for a 

comparative analysis. HTS objects such as 1D straight whiskers, bows and rings and attempts 

to decrease the ‘diameter’ of the whiskers through the growth under elevated magnetic fields, 

are introduced. Growth defects will be also reviewed. 

The typical growth mechanism of the HTS whiskers and objects is by solid-liquid-

solid mechanism and for such a growth there are advantages and disadvantages when 

compared to the growth of thin films by vapor-solid methods. This analysis contributes to 

evaluation of the HTS whiskers and objects potential in their use for applications so that some 

emerging directions of future studies are identified. 
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Coating technologies for the flat glass industry 
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The world’s flat glass industry uses the Pilkington float process (invented by Sir 

Alastair Pilkington in 1952). The first “Pilkington Process License” was signed by PPG in 

1962 and followed by several others well known glass companies such as Glaverbel, 

Boussois, Saint Gobain, Saint Roch and LOF, Asahi, Nippon Sheet glass, Ford and Mexican 

Vitro, Sklo Union (in Czech Republic) and Bor (in Russia), Central Glass( Japan). Up to mid-

1980’s, the float glass industry has been mainly located in Europe, USA &amp; Japan. After 

Pilkington patent was expired, many engineering companies design, build and start up new 

float lines across the world. In 1988 the number of float lines in Western Europe, North 

America and Japan was about 87 (%75 of World production). Since the beginning of 

industrialization in China in 1997, the number of float lines in china has been growing 

exponentially reaching to 197 in 2013 over passing the float lines either Europe or the USA. 

In 2013 total float lines in the World is 397 with ? 70 million tons/year capacity.In attempt to 

meet the various requirements and needs of the construction, automotive and solar industry, 

flat glass is often coated by thin or thick films and/or annealed to improve/change optical, 

electrical, mechanical, chemical and decorative properties. The global market for coated flat 

glass is about $21 billion in 2013 ($10billion in Europe)and expected to have a compound 

annual growth rate (CAGR) of 5.5% in the next five years reaching nearly $29.2 billion by 

2019 (BCC Research).In this short review, vapor deposition technologies such as; physical 

vapor deposition (PVD), chemical vapor deposition (CVD) and also chemical and 

electrochemical techniques such as dip-coating techniques, spray coating techniques, spin 

coating process, capillary coating (Laminar flow coating), and roll coating are briefly 

described. An up-to-date analysis of developments in the two most common industrial flat 

glass coating technologies, sputtered physical vapour deposition and pyrolotic chemical 

vapour deposition are comparatively discussed. 
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As there are ones of increasing demands for indoor comfort in commercial and 

residential buildings, the use of solar and low-e coated glazings becomes more and more 

important. Regarding the modern fenestration with large glazing areas, the solar heat gain, 

mechanical risks and wind loads require mechanical properties beside the thermal insulation 

and optical performances. So, the usage of the tempered glazings is inevitable. Those kind of 

temperable coatings with low emissivity have been developed in Şişecam Science and 

Technology Center, and the technology is transferred to the large area production. The steps 

of development and transfer to the production line will be outlined. 
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Glass as an environmentally friendly and transparent building material has always 

inspired architects. It has been used in buildings for providing separation and allowing natural 

light and a view of the outdoors. Today, transparent glass facades in buildings lead to modern 

architecture. But besides transparency, modern architecture focuses on zero energy buildings 

which are energy efficient. Therefore the architects design the buildings accordingly, and 

expect glass to meet zero energy buildings’ needs. With the developments in glass technology 

especially thin film coatings, glass has become a multifunctional building material. Enhanced 

energy efficiency can be provided with the thin film coatings applied on glass. As buildings 

account for 40 % of energy consumption, energy efficiency of the building is very significant. 

For energy efficiency of the building, effective thermal insulation and sometimes solar control 

are needed as well. For windows have a major impact on the energy efficiency of the 

building, glass used in a window is expect to lower the heating and cooling needs of the 

building. Low-E coatings applied on glass offer enhanced thermal insulation and solar control 

as well as transparency for both residential and non-residential buildings. When safety and 

security is also a design parameter then post temperable low-E coated glass range is 

preferred.With the outstanding properties achieved by thin film coatings, glass has become 

the most exciting and flexible material available to architects. Thin film coated architectural 

glasses can meet the design parameters of today’s modern buildings and will be ready for the 

building facades of the future with the recent developments in thin film coatings. 
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The mechanical properties of PVD-derived multi-layer stack and sol-gel single layers 

on glass have been characterized by nanoindentation and scratch testing.  Results for 

hardness, elastic modulus and scratch resistance of materials for different application will be 

presented. Layer thickness and materials elasticity will be discussed as important topics in 

nanoindentation of thin layers. Thermal annealing of PVD multi-layer stack will be presented 

as an example where scratch testing can provide valuable information. 
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Novel functional coatings by Sol-Gel Technology has attracted great interest, mainly 

due to their low cost and potential applications on various commercial purposes.  Sol-gel 

chemistry plays a significant role in the development of coatings having functionalities such 

as hydrophobic, hydrophilic, antifogging, anti-reflecting, self-cleaning, UV-absorbing, 

dichroic, colouring and mechanical property improvement. Commercial SLS (soda-lime-

silicate) type glasses are produced by Şişecam in various forms (such as; flat glass, container 

glasses and household glasses).  This paper, describes by way of examples, the research 

performed on sol-gel functional coating on glasses in ŞİŞECAM Science and Technology 

Centre. 
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The advent of CIGS has make thin film solar cell to be above 20% efficiency. 

However, the rarity of element indium and gallium undermines the applicability of the CIGS 

solar cell. To address the abovementioned issue, Cu2ZnSn(S, Se)4 (CZTS) with earth 

abundant elements is a potential solution. In this paper, we report a facile solution process for 

the synthesis of Cu2ZnSn(S, Se)4 (CZTS) thin films. Based on simple spin-coating process, a 

SLG/Mo/CZTS/CdS/ZnO/ITO cell can be fabricated to achieve above 5.7% efficiency. 

Detailed analyses including SEM, TEM, TGA, Raman, XRD, UV-Vis, admittance 

spectroscopy, and IES have been applied to understand the performance of the cell. 
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Crystalline Si solar cell technology has reached an extremely well maturity level with 

well-optimized material and process conditions. Further improvements in the cell efficiency 

and the cost should be based on new and exotic approaches employing new material types and 

device structures. Among such efforts, light management on the cell surface are attracting 

special attention due to the potential improvements both in the cell efficiency and material 

cost. Light trapping techniques aims at increasing the path length and the number of scattering 

events of the incident photons, thereby increasing the light absorption. Both reflection and 

transmission through the cell are significantly reduced in this way. Traditionally, surface 

texturing and anti reflection coatings have been commonly used for this purpose. 

Alternatively, Si nanostructures are being extensively studied for light trapping applications in 

crystalline and thin film solar cell systems. Si nanowires can be formed as vertically aligned 

and integrated arrays on the surface, which was found to bring remarkable light trapping 

strength. In addition, various photonics structures employing metal and semiconductor 

nanostructures have been incorporated onto the surface of the device to improve the light 

conversion properties Among them silver nanoparticles have attracted special attention for 

their favorable plasmonic behavior in the visible part of the solar spectrum. In this work, we 

have studied light management properties of Ag nanoparticles and vertically aligned Si 

nanowires incorporated to the Si solrar cells and thin film devices. After a detailed parametric 

study, they were applied to industrial size (156 mm x 156 mm) solar cells. The reflectivity of 

the device surface was reduced to almost zero for the whole visible spectrum including the 

blue-violet region. This has blackened the cell’s surface completely. Standard solar cell 

fabrication procedures have been followed to produce cells with and without nanowires. We 

found that the nanowire-decorated solar cells reach similar efficiency values as the standard 

pyramid textured cell, showing the potential of the technique. In the case of Ag nanoparticles, 

we have shown that they can easily been fabricated by so-called de-wetting technique on very 

large areas. We have analyzed the light management properties of them by optical 

measurements. We have also shown that photocurrent enhancement can be obtained in thin 

film Si through plasmonic scattering from Ag nanoparticles. 
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Various growth parameters were investigated to achieve growth of group III-V 

compound nanowires (NWs) on silicon substrates by molecular beam epitaxy system. Both 

group III-assisted and self-assisted procedures were performed for optimizing the parameters 

of NW growth. To observe the effect of native silicon oxide on NW growth process, two sets 

of samples were prepared. The growth of one set was carried out on silicon substrates with 

native oxide. Similar growth parameters were applied to another set where an oxide 

desorption process was conducted. During the growth, the process was monitored by 

reflection high energy electron diffraction. Following the growth, all samples were examined 

by scanning electron microscopy and selected samples were analyzed by transmission 

electron microscopy. The results indicate that among group III (Al, Ga, In) elements Ga has a 

crucial role on group III-V compound NW growth. It is also demonstrated that the growth 

temperature is important to control the length and density of NWs. Finally, it is shown that 

native oxide on the silicon substrate has a role in initiating the NW growth process. 
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Investigation of new spin configurations and magnetic anisotropy is one of hot topic in 

magnetic society because of the scientific curiocity and potential for technological 

applications. In most cases magnetic easy axis lies down in the film plane. And some cases 

because of the volume or surface anisotropy, magnetic easy axis becomes in the direction of 

the film normal [1]. On can combine these two behaviors, where the easy axis of the 

following layers is oriented orthogonally or in very special case non-orthogonally. The 

procedure how to get such magnetic configurations can be found elsewhere [2-3]. It was 

predicted switching magnetic orientation by less energy in this kind of magnetic structure [4].  

In this study we tried to tailor the direction of the magnetic anisotropies in epitaxially grown 

single magnetic layers and multilayered magnetic structures. Introducing surface 

reconstruction and/or interlayer exchange coupling, canted magnetic orientations were formed 

in the magnetic thin film or in multilayered structure. Epitaxy and structural properties of the 

films were investigated by LEED, RHEED and XRD. Magnetic properties and orientation of 

magnetization direction of magnetic layer were studied by ferromagnetic resonance (FMR) 

and magneto-optical Kerr effect (MOKE). Particularly FMR is layer sensitive technique and 

allows figuring out each magnetic layer separately. 

 
Acknowledgements: This work was supported by TUBITAK through the Project no 112T940. 

 

[1] F. Yildiz, M. Przybylski, X.D. Ma, J. Kirschner, Physical Review B 80, 064415 (2009) 

[2] F. Yildiz, M. Przybylski, and J. Kirschner, Phys. Rev. Lett. 103, 147203 (2009). 

[3] J.-M. Tonnerre, M. Przybylski, M. Ragheb, F. Yildiz, H. C. N. Tolentino, L. Ortega, J. Kirschner, 

Phys. Rev. B 84, 100407(R) (2011)  

[4] A. Taga, L. Nordstro¨m, P. James, B. Johansson, and O. Eriksson, Nature 406, 280 (2000). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Science and Applications of Thin Films, Conference & Exhibition (SATF 2014) 
Çeşme, Izmir, Turkey, September 15 to 19, 2014 

44 
 
 

 

CT05 

Photocatalytic Activity of TiO2 Thin Films by Hydrogen DC Plasma 
 

Mohamad Reza Mohamadizadeh
1
, M. Bagheri

2
, S. Aghabagheri

3
, Y. Abdi

4
 

 
1
University of Tehran, Physics, Iran 

2
Department of physics, University of New Hampshire, Durham, NH, 03824 USA 

3
Superconductivity Research Laboratory (SRL), Department of Physics, University of Tehran, North Karegar 

Ave., P.O. Box 14395-547, Tehran, Iran 
4
Nanophysics Research Laboratory, Department of Physics, University of Tehran, Tehran, Iran 

 

E-mail of Corresponding Author: zadeh@ut.ac.ir 

 

 Thin layers of anatase titanium dioxide were coated on glass by spray pyrolysis 

method. The layers were hydrogenated by hydrogen DC plasma at room temperature up to 

350
o
C. Application of hydrogen plasma at low temperatures, leads to decrease in surface 

roughness. H-doping concentration decreased by time due to hydrogen desorption. Surface 

roughness increased by increasing plasma temperature and some oxygen vacancies were 

formed in the bulk by degasing of hydrogen from the structure. Layers’ band gap was 

decreased as much as 0.13 eV by applying plasma at highest temperatures. Hydrophilicity and 

photocatalytic properties of layers under plasma, at 150 to 200
o
C, were improved noticeably. 

Plasma application at temperatures above 200
o
C was lead to weaken the degree of 

hydrophilicity and photocatalytic activity of TiO2 layers. The reason is forming of oxygen 

vacancies (OV) in the inner layers that act as centers of charge carriers’ recombination. 
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After first reports on room temperature visible photoluminescence (PL) in the early 

1990s, great interest in the optical properties of Si nanocrystals has grown over the last decade 

because of their potential applications toward Si-based integrated optoelectronic devices. Our 

group has focused on the formation of silicon nanocrystals, and developed the first examples 

of luminescent Si nanocrystals inside of SiO2 using ion implantation. Nowadays, different 

types of Si nanostructures have been synthesized by various method, including chemical 

vapor deposition, sputtering, pulsed laser deposition, and so on. It is well known that Si 

nanocrystals produced by various methods show PL peaking in the near infrared or visible 

spectrum (between 1.4 eV and 1.8 eV). 

In this work, we report the optical properties of Si nanocrystals embedded in a SiO2 

synthesized by reactive pulsed laser deposition (PLD) in an oxygen atmosphere. Si sub-oxide 

(SiOx, 0<x<2) films were firstly deposited on Si wafers, by suing conventional PLD system 

with 2nd-harmonic YAG laser (532nm, 10Hz) under controlled low oxygen pressure (0.4Pa – 

1.2Pa). After deposition in the oxygen ambient, the SiOx films were annealed for 4 hours at 

1050
o
C in nitrogen ambient to induce the formation of Si nanocrystals. The PL spectra of 

samples were obtained at room temperature, excited with a He-Cd laser (325nm, CW). PL 

intensity increases with increasing oxygen gas pressure, and then decrease. We found that the 

maximum intensity can be obtained with oxygen pressure of 0.6Pa. It is also noted that the 

peak energies of the PL are affected by ambient oxygen pressure. Based on our experimental 

results, we discuss the effects of oxygen pressure during PLD on the formation of Si 

nanocrystals and the PL."  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Science and Applications of Thin Films, Conference & Exhibition (SATF 2014) 
Çeşme, Izmir, Turkey, September 15 to 19, 2014 

46 
 
 

 

CT07 

Al Doping Induced Optical and Electrical Properties of Sol-Gel Prepared 

ZnO Thin Films 
 

Ebru GÜNGÖR
1
, Sevcan ERCAN

2
 and Tayyar GUNGOR

1
 

 
1
Mehmet Akif Ersoy University, Faculty of Engineering and Architecture, Energy Systems Engineering 

Department, 15030 Burdur, Turkey 
2
Mehmet Akif Ersoy University, Faculty of Science and Arts, Physics Department, 15030, Burdur, Turkey 

 

Email of corresponding author: egungor@mehmetakif.edu.tr 

 

This paper reports the results of electrical and optical characterization of Al-doped 

ZnO thin films were prepared on glass and ITO (Indium Tin Oxide) substrates by Ultrasonic 

Spray Pyrolysis (USP) method. The substrate temperature was kept at 400°C. The 

concentration of zinc acetate was 0.05 M and Al/Zn ratio in the solution varied from 0 to 20 

at. %. Optical transmittance spectrum of the films in the form of film/glass and film/ITO/glass 

were used to determine the film thickness and optical band gaps. The optical transmission of 

Al:ZnO/glass samples was higher than 80% in the visible and near infrared region. The 

optical band gaps of Al:ZnO films onto ITO substrate are decreases with increase of Al 

content. Similar behaviour is also observed for the samples deposited onto glass substrate. In 

order to obtain the average sheet resistance of the films the current and voltage through the 

probes have been measured for five different position by four-point probe method. The results 

showed that the sheet resistance of Al:ZnO/glass samples increases with the Al concentration. 

However, the electrical resistivity of Al:ZnO/ITO samples according to Al doping 

concentration is not effected seriously. The sheet resistance of the layered structure such as Al 

doped ZnO onto the ITO can be expressed as parallel combination of each layer resistance. 

Here ITO is dominant for this layered structure. Considering the film thickness and geometric 

factor, the electrical resistivity were computed. The electrical resistivity was obtained 10
-6
Ωm 

and 3x10
-1

 Ωm for the Al:ZnO/ITO and Al:ZnO/glass samples, respectively. 
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Organic photovoltaic (OPV) cells based on organic semiconductors (OSCs) can 

display the remarkable combination of low-cost fabrication, flexibility and performance 

characteristics tunability. Transition metal oxides (TMOs) have been recognized as one of the 

most advantageous classes of materials used as anode and/or as cathode interfacial layers to 

enhance charge extraction between electrodes and organic molecules. Especially molybdenum 

(MoOx) and tungsten (WOx) oxides have drawn enormous attention, due to the considerably 

ameliorated performance of OPVs, when they are employed as a hole extraction layers 

(HELs). Here, we demonstrate the beneficial incorporation in OPV cells of molybdenum and 

tungsten oxides, deposited in hydrogen environment using a simple and cost-effective hot-

wire deposition method. These oxides were found to be under-stoichiometric with precise 

stoichiometry, electronic properties and increased n-type conductivity. Indeed, deposition of 

Mo oxides in hydrogen environment significantly reduces the electrical resistivity of the 

films. At room temperature the resistivity values for stoichiometric MoO3 and under-

stoichiometric MoO3-x 10 nm thick films, deposited in oxygen and hydrogen environment 

respectively, were found 400 Ohm•cm and 6.0 Ohm•cm, respectively, which are about two 

orders of magnitude different. Moreover, resistivity of under-stoichiometric Mo oxides 

increases with temperature, which is an evidence for metallic-like behaviour, while for MoO3 

the opposite trend was observed. To take advantage of the increased conductivity of under-

stoichiometric Mo oxides, next polymer solar cells based on poly(3-hexythiphene) and [6,6]-

phenyl-C71-butyric acid methyl ester blended active layer (P3HT:PC71BM) and 

incorporating Mo oxides as hole selective interlayers were fabricated and characterized. The 

devices presented large improvement in their short-circuit current (Jsc), open-circuit voltage 

(Voc), fill factor (FF) and external quantum efficiency (PCE) when embedding the under-

stoichiometric MoO3-x compared to the devices with MoO3 HELs (from 6.4 mA cm
-2

, 0.52 V, 

0.35, 1.05 % to 10.4 mA cm
-2

, 0.65 V, 0.50, 3.4 %. Similarly, large improvement in OPVs 

embedding under-stoichiometric WO3-x for hole extraction was observed. 
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Titanium (IV) oxide or titania (TiO2) is one of the most common materials for a 

variety of applications such as catalytic devices, sensors, solar cells, and other optoelectronic 

devices. TiO2 is a wide bandgap semiconductor with many interesting properties, including 

transparency to visible light, high refractive index and low absorption coefficient. Other than 

these properties, it has been known to be an excellent catalyst in the field of photocatalytic 

decomposition of organic materials. TiO2 is known to have three natural polymorphs, i.e. 

rutile, anatase, and brookite. Only anatase is generally accepted to have significant 

photocatalytic activity. TiO2 can be synthesized by various techniques, such as chemical 

vapor deposition, precipitation, hydrothermal, glycothermal methods and electrospinning. In 

the present research, TiO2 nanofibers were successfully produced from a solution of Ti-

alkoxide, glacial acetic acid, ethanol and polyvinylpyrrolidone (PVP) using a combination of 

sol–gel and electro-spinning techniques. Also, TiO2 thin films were fabricated by reactive 

magnetron sputtering. They were heat-treated to form TiO2 phase at 600 °C for 2 hours in air. 

The morphology of the fibers and film were evaluated by SEM analyses. The phase structures 

of them were obtained using XRD and the chemical bonding structure was determined by 

FTIR. The chemical state and atomic concentration were determined by XPS. 
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SrTiO3 is the most studied complex oxide on silicon (001) and can be grown with the 

highest degree of crystallinity. One of the key reasons for the epitaxial growth of SrTiO3 on Si 

is the fairly small lattice mismatch between them. Such an interest in the deposition of 

epitaxial STO films on silicon is related to its potential use as a thin template layer, which 

would enable various functional oxide thin films to be integrated in the epitaxial form with 

silicon substrates. 

Before the growth of SrTiO3 is initiated, the native SiO2 layer has to be removed from 

the Si surface since its amorphous structure prevents the epitaxial growth of the deposited 

material. The resulting reconstructed Si surface is extremely reactive and has to be passivated 

in order to avoid any reaction with oxygen during the deposition of the SrTiO3. The 

passivation is performed by the formation of an appropriate buffer layer on a silicon surface 

that is not only chemically stable in an oxygen-rich environment, but is also structurally 

compatible with the silicon and the oxide. This buffer layer, which is based on ½ ML of 

strontium (Sr), was made possible by fabrication techniques such as molecular-beam epitaxy 

(MBE) that allow very precise deposition control at the atomic level. Since MBE is an 

industrially less-appropriate tool, alternative manufacturing routes are required. 

We demonstrate experimentally, for the first time, the possibility of preparing such a 

buffer layer with the pulsed-laser deposition technique (PLD), which for this method reveals a 

new path towards the epitaxial integration of SrTiO3 and other functional oxides with Si. We 

are able to monitor surface-reconstruction changes during the PLD deposition of Sr with 

reflection high-energy electron diffraction (RHEED) and thus control, very precisely, the 

surface coverage at the atomic level. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Science and Applications of Thin Films, Conference & Exhibition (SATF 2014) 
Çeşme, Izmir, Turkey, September 15 to 19, 2014 

50 
 
 

 

CT11 

Growth of Gadolinium Doped Cobalt Titanium Ferrite Thin Films by 

Pulsed Laser Deposition 
 

Mohamed Hafez
1
, Aya alamy

1
, Mohamed A. Hafez

1
, Hisham M. Imam

1
 and Mohamed A. 

Khedr
1
 

1
National Institute of Laser Enhanced Sciences - Cairo University, Laser sciences and its interactions, Egypt 

 

E-mail of Corresponding Author: mhafez8@yahoo.com 

 

Cobalt ferrite films are receiving increasing interest in applications such as magnetic 

sensors, microwave devices, and high-density recording media due to their high permeability, 

high Curie temperature, and chemical stability. In this work, a series of Gd doped Co-Ti 

ferrite (Co1.1Ti0.1GdFe1.76O4) thin films on quartz and silicon substrates by pulsed laser 

deposition (PLD) are studied at different substrate temperatures in high vacuum of ~ 2*10
-6

 

Torr. The samples are prepared by Nd:YAG laser (1064 nm) with 10 Hz repetition rate and 6 

ns pulse duration. The target and substrate is kept at distance of ~ 6 cm. The structure, 

morphology, and magnetic properties of the films are characterized by X-ray diffraction 

(XRD), scanning electron microscope (SEM), transmission electron microscope (TEM), 

Raman spectroscopy, and vibrating sample magnetometer (VSM). Due to the complexity of 

the crystal structure of ferrites, growth temperatures, surface substrates, and deposition time 

influence the magnetic and electronic properties of the films. The samples are heat treated 

with in situ heating of the substrate up to a temperature of 600 
o
C and thermal treatment 

applied after the deposition process (post annealing). The high density deposition rate and 

stoichiometry of the PLD affect the films surface structure.   
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 Interdiffusion, formation of islands and dislocations constitutes a source of 

perturbation on electronic and/or optical properties of electronic devices. In the case of 

heteroepitaxial growth with large lattice mismatch, these phenomena allow a better relaxation 

of the deposited layers resulting defect densities in the films. 

In this study, we explore these phenomena of compounds as function experimental 

conditions (lattice mismatch, temperature, deposited layer rate ….). Our simulations are based 

on Monte Carlo algorithms organized around elementary atomic processes. Strain is 

introduced as elastic energy terms in the approximation of valence force fields. The stress is 

relaxed after each step of the simulation. 

We are interested by macroscopic properties like layer compositions as function of 

interface distance and the global strain after relaxation as a function of these experimental 

conditions. Then, we study their effects on the vibrationnal properties of these simulated 

compounds and the Raman spectroscopy. 
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We have investigated the reduction of unwanted interfacial SiO2 layer at HfO2/Si 

interface brought about by the deposition of thin Hf metal buffer layer on Si substrate prior to 

the deposition of HfO2 thin films for possible direct contact between HfO2 thin film and Si 

substrate, necessary for the future generation devices based on high-κ HfO2 gate dielectrics. 

Reactive rf magnetron sputtering system along with the attached in-situ spectroscopic 

ellipsometry was used to predeposit Hf metal buffer layer as well as to grow HfO2 thin films 

and also to undertake the in-situ characterization of the high-κ HfO2 thin films deposited on 

n-type <100> crystalline silicon substrate. The formation of the unwanted interfacial SiO2 

layer and its reduction due to the predeposited Hf metal buffer layer as well as the depth 

profiling and also structure of HfO2 thin films were investigated by in-situ spectroscopic 

ellipsometry (SE), Fourier Transform Infrared (FTIR) and Grazing Incidence X-ray 

Diffraction (GIXRD). The study demonstrates that the predeposited Hf metal buffer layer has 

played a crucial role in eliminating the formation of unwanted interfacial layer and that the 

deposited high-κ HfO2 thin films are crystalline although they were deposited at room 

temperature.  

 
This work was supported by TUBITAK with project number of 113F349.   

It was accepted to be published in Journal of Applied Physics in 2014. 

 
Keywords: In situ SE, HfO2, high-κ dielectrics, reactive rf sputtering, GIXRD, FTIR 
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Lead telluride thin films on Si substrates are very perspective heterostructures for production 

of the wide range of infrared (IR) optoelectronics devices [1]. However, because the significant value 

of lead telluride and silicon lattices parameters mismatch the technological problems of fabrication 

high-effective functional PbTe/Si heterostructures are not solved yet. Doped with Ga PbTe films have 

an especial importance for preparation of hybrid integrated circuits with IR detected signal registration 

and processing functions [2]. 

The main purpose of this work is to determine morphology of PbTe(Ga)/BaF2/CaF2/Si (111) 

epitaxial multilayer heterostructures, to study the real microstructure of interface layers, and to 

recognize the mechanism of PbTe(Ga) films formation. 

In this work PbTe(Ga)/BaF2/CaF2/Si (111) epitaxial multilayer heterostructures were 

fabricated by molecular beam epitaxy (MBE) technique during two-stage technological procedure. 

MBE apparatus is equipped with high energy electrons diffraction adjustment, quartz balance for 

growing layer's mass measurements, and thermocouple manipulator mechanism for the control of 

substrate surface temperature.  

At first stage single crystal Si (111) wafers previously treated by RCA cleaning technique and 

annealed at T = 1125 K in vacuum were used as substrates for deposition of CaF2 (Тsub = 973 K) and 

BaF2 (Тsub = 1023 K) layers. The thickness of CaF2 and BaF2 films was within interval 200 - 300 nm.  

At second stage on BaF2/CaF2/Si (111) substrates were grown PbTe(Ga) films (thickness varied from 

1,500 nm to 7,000 nm) at Тsub = 590 - 620 K. During this procedure were activated two vapour sources 

with ground single crystal PbTe and heterogeneous Ga1-  

X-ray diffraction patterns have shown a strong (111) orientation of PbTe(Ga) layers. Studied 

by SEM the relief surface of PbTe(Ga) films is caused by thermal etching of dislocations with density 
-2

 which were formed during process of crystallite growing on BaF2/PbTe interface 

because these materials are characterized by lattice mismatch. Another possible reason of the 

dislocation appearance is the stacking faults arising at the final stage of the crystallite coalescence. 

As it can be seen from RHEED patterns at PbTe/BaF2 interface boundary the epitaxy 

orientation ratio (111) [1-10 ] PbTe || (111) [-110] is realized. This fact indicates the mirror 

arrangement of crystallites: PbTe(Ga) film is formed as twin crystal orientation relative to BaF2 layer. 

The value of lead telluride and barium fluoride lattice mismatch calculated according to positions of 

(333) PbTe(Ga) and (333) BaF2 reflections makes average 3.5 percent, which is little less than the 

value of the same parameter (4.1 percent) for PbTe and BaF2 single crystals with stoichiometric ratio 

of the components. 
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Nanoimprint technology is used to synthesize a series of nanostructures with 

hexagonal holes on a nGaN baseplate. Hydrothermal growth is then used to produce 1.5 μm 

n-type ZnO nanorods. Radio frequency reactive magnetron sputtering is finally employed to 

grow a 50 nm thick layer of cuprous oxide film over the nanorods to form a p-n Cu2O/ZnO 

core-shell structure. Based on the different imprint widths and intervals obtained, Cu2O/ZnO 

heterostructure samples A, B, C, and D showed aperture ratios of 0.0627, 0.0392, 0.0832, and 

0.0537, respectively. Scanning electron microscopy and atomic force microscopy indicated 

that a 50 nm Cu2O film coated the ZnO nanorods to form a core-shell structure. X-ray 

diffraction and x-ray rocking curve (XRC) analysis showed that the Cu2O lattice structure has 

polycrystalline characteristics. The lattice planes of Cu2O are (111) and (220), and sample C 

has the narrowest XRC half-height full-width value. Therefore, among the samples obtained, 

sample C has the best material properties. Measurement of the optical properties of the 

samples demonstrated that the luminous peak of the samples do not change with variations in 

temperature. Sample C also showed optimal optical properties. High-resolution transmission 

electron microscopy indicated the presence of a midlayer in the Cu2O/ZnO junction. This 

midlayer has direct impacts on the Cu2O lattice arrangement in the top, corner, and side faces 

of the ZnO nanorods. The sample with the largest aperture ratio showed the best optical and 

material properties. The novel structure obtained shows potential use in solar cells.  
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Ferromagnetic metal and zinc-oxide composite films have been recently investigated 

for their magnetic and electrical properties [1, 2] and they have great potential for device 

applications requiring special magneto-optical properties. Zinc-oxide is a transparent material 

used for many optoelectronic applications and has higher refractive index than silica. 

Ferromagnetic materials in such structures provide the element for high saturation 

magnetization with low coercivity. In this study ZnO:Ni composite thin films on silicon and 

quartz substrates have been investigated. These films were prepared by RF and DC magnetron 

co-sputtering of ZnO (%99.9) and Ni (%99.9) targets, respectively. Nickel concentrations in 

these films were varied from 5% (wt.) to 40% (wt.) by keeping the RF power for ZnO 

deposition constant and changing the DC power for Nickel deposition. After deposition at 

room temperature, films have been annealed in vacuum at temperatures from 400 to 900 

Celsius. Optical, magnetic-optical and electrical properties were studied for annealed and as-

grown films. Optical characterization was done by spectroscopic ellipsometry. Magneto-

optical properties were investigated by Kerr ellipsometry and electrical characterization was 

done by four probe method. 

 

 
[1] L. Wang, Z. Xu, F. Zhang, L. Lu, X. Xu, J. Nanosci. Nanotechnol. Mar; 10(3), p. 1852-6 (2010). 

[2] K. Kyoung-Tae, K. Gwan-Ha, W. Jong-Chang, K. Chang-Il, Surface & Coatings Technology 202, p. 5650 
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Chemical Mechanical Polishing (CMP) is of great importance in silicon fabrication 

process since it removes excess of deposited oxide and attains a planar surface for succesive 

process steps. Despite advances in Shallow Trench Isolation (STI) CMP technology, wafer 

curvature due to film stress causes large post –CMP nonuniformity. This directly affects the 

thickness of the remaining fill oxide. In case of concave wafer shape, edge-to-center removal 

rate difference leaves some oxide on nitride at center dies. This remaining oxide masks the 

underlying nitride layer during hot phospohoric acid nitride strip and needs to be polished 

further. This extra polishing time causes excess removal of nitride near the edges of the wafer. 

In this paper, experiments were conducted with wafers of varying curvature amount. Wafers 

with max. 41um bowing are compared to the planer surface wafers. IPEC372M CMP tool is 

used with IC1000/SubaIV polishing pad and ceria based high selectivity slurry (HSS). STI 

and active regions are inspected under Focused Ion Beam, curvature of the wafers are 

measured with KLA INS3000 microscope.  

Removal process of thin films from the backside of the wafer should be organized 

carefully especially when the oxide is thick. If backside STI fill oxide is wet etched right after 

the deposition before CMP, wafers tend to bow up to 41 um. We present the results of the 

CMP process on the samples with varying bowing conditions.  
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Zeolitic imidazolate frameworks (ZIFs) are materials that combine the unique 

properties of zeolites and metal-organic frameworks, such as high internal surface area, well-

defined cavities accessible via small pore apertures, as well as high thermal and chemical 

stability. The prototypical ZIF-8 is synthesised via the assembly of tetrahedrally coordinated 

zinc ions and 2-methylimidazole organic linkers to form three-dimensional open structures. 

Interest in ZIF-8 thin films stems from their potential in vapour sensing, low-Ƙ-dielectrics and 

membrane-based gas separation. Successful development of well-intergrown ZIF-8 thin films 

is crucial as the presence of transverse grain boundary defects and inter-grain porosity 

significantly degrade thin film performance. 

We show that a step-by-step dip-coating approach enables the synthesis of uniform, 

dense, and defect-free ZIF-8 nanofilms. By varying the withdrawal speed the dip-coating can 

be carried out in the draining, the intermediate or the capillary regime. This enables accurate 

control of the film thickness, from 106 to 217 nm. The films exhibit comparatively high 

refractive indices, ca. 30% higher as compared to films presented in the literature. The high 

refractive indices reported in our work are associated with the absence of mesoporous inter-

particular voids. The dynamic film response upon exposure to various CO2 concentrations has 

been monitored by in-situ spectroscopic ellipsometry. An increment in the CO2 partial 

pressure results in a sharp stepwise increase of the refractive index, which can be quantified in 

terms of the amount of CO2 sorbed. The sharp film response demonstrates the potential of 

developed ZIF-8 nanofilms in, amongst others, the field of gas sensing. 
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Surface morphology and bio-interfaces are essential elements of biocompatibility of 

orthopaedic and dental implants. In this study, the surface chemistry and morphology of 

commercially pure titanium plates were modified using electrochemistry. Titanium oxide 

substrates were prepared by an alkaline treatment using 0.1M KOH in an electrochemical cell 

with a stainless steel cathode and an anodic voltage of 40 V at 20°C for 3 minutes. SEM 

characterization revealed meso-nanoporous anodized titania surfaces, which were coated by 

hydroxyapatite using a simulated body fluid and pulsed electrochemical deposition at 80ºC, 

while cp titanium surfaces were the controls. The calcium phosphate deposit on meso-

nanoporous titania was characterized as carbonated hydroxyapatite using XRD, FTIR and FE-

SEM, while carbonated apatite was deposited on flat titanium surfaces. Since the shear 

strength of the hydroxyapatite deposited titania was 38
+/-10 

MPa, the plain and hydroxyapatite 

coated meso-nanoporous titania surfaces may thus be suitable for both biological and 

chemical fixation of medical implants. 
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In this study the effect of the chemical surface modification of Ni-Ti alloys on the 

subsequent deposition of calcium-phosphate coatings was investigated. For the surface 

modification, Ni-Ti super elastic alloys were chemically etched and then soaked in boiling 

water. For the characterization of the samples roughness measurements, Differential Scanning 

Calorimetry, SEM, XRD analysis, and Grazing Incident Beam XRD were used. Results show 

that the surface modification of the alloy contributes to the partial depletion of Ni from the 

surface and titanium oxides are formed. Also this operation results in the negative value of 

surface roughness parameter of Rsk. This condition offers better adhesion of calcium-

phosphate coatings. In addition, DSC and GIB-XRD results show that after the surface 

modification aging of samples in the 450 °C for 30 min, converts the oxide film of samples to 

the stable compositions of TiO2. This surface condition results in higher crystallinity and 

stability of calcium-phosphate coatings and the formation of coatings with the morphology of 

nano-sized needles. This observation can be attributed to the Ti-hydroxides, which are formed 

in the surface of the oxide film. 
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Plasma electrolytic oxidation (PEO) – one of the most effective methods of surface 

treatment, which allows formation of the multi-functional protective and decorative coatings. 

These coatings are formed in the result of brief plasma microdischarges realized at the metal 

surface/electrolyte interface. PEO-coatings consist of oxidized forms of metal and 

electrolyte’s components. Substantial part of the published works is dedicated not only the 

study of the physicochemical properties of the formed layers, but the study of the relationship 

between the shape of the current pulses and the characteristics of the coating’s formation 

process.  

Our experimental results enable us to ascertain the essential influence of polarizing 

signal duration on quality of the formed coatings. It was noted that the reduction in the pulse 

duration significantly reduces the porosity of the coatings, and as a result, their physical and 

chemical properties are improved.  

An additional advantage of the high-frequency power source is the ability to increase 

the power of the microdischarges while reducing the duration of its action. This allows 

forming high-temperature phases of oxides, which usually leads to improved protective 

characteristics of coatings. The investigated coatings were formed by means of current source 

that is able to apply and control the duration of pulses till five microseconds. 

One of the advantages of the high-frequency power supplies is the possibility to 

increase the power of the plasma discharge by both the shortening pulse duration and 

increasing of the forming voltage. This might lead to formation of the high-temperature 

oxides, which are capable to increase protective properties of the coatings in whole. 

The results of influence of the 5 μs polarizing pulses on the process energy 

consumption as well as on morphology and protective properties of the formed PEO-coatings 

on commercially pure titanium VT1-0 and AA5154 aluminium alloy have been presented. 
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Composite glass-coated ferromagnetic microwires exhibit magnetic properties quite 

attractive from the point of view of technical applications, such as magnetic bistability, 

excellent magnetic softness and giant magneto-impedance, GMI, effect [1]. Most of studies 

are deal with optimization of magnetic properties choosing adequate chemical composition of 

the metallic nucleus and minimizing the magnetoelastic anisotropy coming from the rapid 

solidification process of fabrication of the composite microwires [1,2].  

Indeed strong correlation of magnetic properties and the magnetoelastic energy has 

been reported elsewhere [1-2]. Therefore tailoring of the magnetoelastic energy, Kme, is 

essentially important for optimization of magnetic properties of glass-coated microwires.  

On the other hand, the proper technological procedure of glass-coated microwires 

fabrication involves complex metallurgical processes related with the melting of the metallic 

ingot by electromagnetic field of the inductor, the chemical interaction between the metallic 

alloy and the glass coating at elevated temperatures and simultaneous rapid solidification of 

metallic nucleus surrounded by the glass shell. These problems have been studied for the 

same technology but in non-magnetic (mostly Cu and Ag-rich) alloys [1]. But it is obvious 

that the character of interaction depends on chemical composition of the ingot as well as on 

properties and composition of the glass used for the casting process [3].  

We present studies of correlation of features and density of defects and magnetic 

properties of glass-coated microwires. We observed that the domain wall dynamics of glass-

coated microwires correlates with the inhomogeneities related with of the fabrication 

technique involving rapid solidification of metallic alloy surrounded by glass coating from the 

melt. 

We observed different kind of defects, such as gas bubbles, glass coating thickness 

inhomogeneities, indications of the chemical interaction between the glass shell and the 

metallic nucleus. We showed that the existence of such bubbles might be the origin of the 

spontaneous fluctuations of the local nucleation field.  

Understanding of the origins of the interfacial layer and defects may help for 

improvement of the existing technology for thin composite wires fabrication and enhancing of 

their magnetic properties.  
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The Far-Infrared (FIR) is still a relatively underdeveloped region of radiation in the 

context of lack of effective FIR generators. The THz-emitting quantum-cascade lasers (THz-

QCLs) are promising radiation sources, anyway their maximum operating temperatures 

(Tmax) still do not exceed 200K, so they are still incapable of dealing with the commercial 

development and true applications. That is why the theoretical and experimental efforts are 

ongoing also in our team to find the appropriate solution, so that the operation with 

thermoelectric-cooling can be possible. One of the main problems on the way to this goal are 

-carriers - a cause of QCLs 

Tmax decrease. For the modal confinement in THz-QCLs the metal-metal (M-M) plasmonic 

waveguides are commonly used. Processes of formation of ultrathin metallic layers are a very 

important part of their technology. In particular, they play also a crucial role of constituents of 

electric metal-semiconductor contacts. We have already used the Ti/Au waveguides for modal 

confinement of a three-quantum-well-designed laser heterostructure with resonant-phonon 

depopulation of the laser’s lower state. Good morphology and 10nm-low roughness for 

alloyed Ti/Au contact were revealed by TEM and AFM. THz reflectance of the layers was 

>99%. The specific contact resistivity of 1.5×10-5Ωcm
2
 was found by CTLM method. During 

wafer bonding the most stable connection was obtained for comparable thicknesses of Au 

(~300nm). These steps enabled fabrication of QCLs operating above cryogenic temperatures 

with Jth<1,5kA/cm
2

application of other metals than Au for M-M waveguide formation, when optimized 

thicknesses of the layers are used. For M-M waveguide structures we have studied 

theoretically the influence of the applied metallic structure on the resulting electrical field 

distribution profile and the threshold gain. The QCL can be approximated as a 1-D planar 

waveguide supporting the fundamental TM mode. The total electromagnetic field can be 

calculated using the Helmholtz equation with a step-like function describing the profile of 

refractive index n. The complex values of refractive indices of constituent materials are 

calculated according to Drude-Lorenz model. The transfer matrix method leads to the 

dispersion equation for neff. To compare different waveguides we solve this equation 

selected issues concerning the technology of Ti/Au, Ti/Ag and Ti/Cu systems in which the 

thicknesses of individual layers are in the range of a few to a few hundred nm, will be 

presented. Their deposition was performed on GaAs surfaces. The structures were studied by 

optical microscopy, AFM, SEM, TEM, profilometers, EDXS, X-ray, and FTIR, as a part of 

elaborated technology of AlGaAs/GaAs QCLs designed for ~100µm emission. 
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The efficiency of photovoltaic cells (PV) has been one of the major problem impeding 

its global adoption as a sustainable substitute to fossil fuel based technologies. Metamaterial 

(MTM) based solar cells offers a unique opportunity towards increasing the system efficiency 

by enhancing the total absorbed solar radiation incident on solar PV cells. In this study, a 

nanostructure based MTM perfect absorber has been designed and simulated. By adjusting 

geometrical parameters and MTM properties of the structure, nearly perfect dual-band 

resonances were obtained. The two bands peaked at 524.5 THz and 655 THz with 

corresponding absorption of 99.99 % and 99 %, respectively. The proposed structure is simple 

and more flexible for adjustment, which lead to achievement of multiple bands. 

Implementation of the designed structure can effectively lead to the realization of more 

efficiency PV solar cells.  
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One of the most applied method for deposition of copper films on different surfaces is 

chemical vapor deposition (CVD). In the broadest sense CVD involves the formation of a thin 

solid film on a substrate by a chemical reaction of vapour-phase precursors. Metal-organic 

chemical vapour deposition (MOCVD) is a specific type of CVD that uses metal-organic 

precursors. We developed an original approach for the deposition of thin metallic films. 

Combined Synthesis-Transport technique (CST) is recently developed in order to modify 

well-known MOCVD and PE CVD technology.  

The main point of the CST-method consists on union of two technological processes 

within the same volume of reactor chamber, such as the synthesis of volatile metal-complex 

precursor and its transfer onto a substrate, where it decompose on metal and gaseous 

compounds. This technique is based on heterogeneous reaction between volatile reagent and 

solid metal-contained compound. Heating of synthesis-zone and substrate provides effective 

synthesis and sublimation. Then synthesized complex, deposited on a heated substrate, 

decomposes to the metal, forming a thin film, and gases, removed from the reactor by 

pumping system. 

Proposed approach have some profits, such as:  

1. possibility of generation and using ligands in the form of short-lived (free-radical, ionized 

and/or excited) statements of precursors to be deposited under soft conditions. 

2. generation of metastable volatile precursors that synthesis is difficult at ordinary conditions 

in order to increase purity of the films.  

3. synthesis and using of small-sized metal complexes consisting of 2-5-atomic ligand 

molecules to metallize nano-sized pores and complicated surface reliefs. 

Metallic copper thin layers are deposited by means of a modified MOCVD method via 

passing formic acid vapor through a finely dispersed powder of a solid metal-containing 

reactant (Cu/CuO or Cu2O/CuO) under thermal and plasma activation.  

To characterize the deposited copper films the X-ray photoelectron (XPS), infrared 

(FTIR) and UV-vis spectroscopy, scanning electron microscope (SEM), and diffraction of 

synchrotron radiation (DSR) methods analyses were used. The films were found to be 

nanocrystalline and have a nanoscale grain structure with parameters depending on the 

experimental conditions and chemical composition with a predominant content of copper in 

the metallic state Cu0. Notable that influence of plasma on the CST-process effects to 

decrease of the average grain size twice under the same condition. Summarizing obtained 

results we can conclude that the Combined Synthesis-Transport technique should be advanced 

and it could be technically versatile, convenient, effective for metallization of complicated 

surface reliefs and prospective for applying in nowadays micro- and nanotechnology. 

 

This work is supported by Russian Foundation for Basic Research (grant 12-03-01018 a)."
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The semiconductor industry has spent a significant effort in order to engineer ultra-

porous low-κ inter-level dielectrics which can withstand the plasma and mechanical damages 

induced during the interconnect integration scheme. Obtaining an integrated dielectric 

constant below 2.6 has turned out to be challenging. Additionally, the synthesis of integration-

suitable low-k films with dielectric constant around and below 2.3 through plasma-enhanced 

chemical vapor deposition (PE-CVD) is considered to be unattainable. 

In the present work, we consider new PE-CVD ultra-low-κ SiCHO films with pristine 

κ values as low as 2.2, 2.0 and 1.9. The chemical composition of the films was investigated 

with Fourier transform infrared (FTIR) spectroscopy. The spectra indicate hydrophobic films. 

Additionally, the surface water contact angle of each film was found to be higher than 100°. 

As a result, the films were not modified by dilute HF treatment for dipping time longer than 5 

minutes, showing a good chemical stability. Ellipsometric porosimetry measurements showed 

a correlation between larger pore size and increased porosity, indicating porogen 

agglomeration. Together with the low refractive indices, comprised in the range between 1.22 

and 1.26, it is important to note that the ellipsometric fitting resulted in non-zero extinction 

coefficients, indicating the possible presence of sp
2
 C, which could be correlated with the 

presence of residual porogen in the films. Absorption in the UV region gives a better insight 

on the presence or absence of sp
2
 C. Therefore, spectroscopic ellipsometric measurements 

were performed in the wavelength range between 150 and 900 nm. Finally, the dielectric 

constants were determined from the capacitance values observed for metal-insulator-

semiconductor (MIS) structures. 
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Thin films of titanium metal was deposited on a glass substrate using electron beam 

evaporator. The samples were then irradiated with the Ti:Sapphire femtosecond laser. The 

beam was focused just above the surface of the film. The power of the incident laser was 

varied in order to study the effect of the resultant morphology of the formed oxide. The UV-

Vis-NIR reflectance plot of the irradiated films show the evolution of the film in relation to 

the laser power. The HRSEM micrographs showed the titanium oxide formed crystallized into 

nano-grains, the preferred orientation of these nano-grains were characterized using x-ray 

diffraction technique, where the Bragg peaks confirmed the formation of an oxide as 

confirmed from the JCPDS card.  
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In our group, we focus on the electrochemical synthesis of metal oxides under 

hydrothermal conditions and utilization of these films in water splitting, solar cell and 

supercapacitance applications. Oxides of transition metals are very popular for such 

applications and research conducted in this field is directed towards improving the properties 

to get the highest possible performance. The electrochemical synthesis of metal oxide films, 

particularly Zinc, Iron and Manganese oxides under hydrothermal conditions was presented 

and their properties were discussed in this study. ZnO and Fe2O3 were utilized in solar energy 

applications. Different morphologies for doped or undoped films can be obtained by changing 

the synthesis conditions. Manganese oxide films are presented for their supercapacitative 

behavior. Manganese oxide films deposited under hydrothermal conditions demonstrated 

superior supercapacitative behavior to the films deposited at conventional methods.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Science and Applications of Thin Films, Conference & Exhibition (SATF 2014) 
Çeşme, Izmir, Turkey, September 15 to 19, 2014 

68 
 
 

 

CT29 

Nanostructured Tungsten Trioixde Thin Films Using a Novel Technique 
 

Ashrit Pandurang
1
, M. Jacques Thibadealt

2
 and Bassel Abdel Samad

2
 

 
1
Université de Moncton Department of Physics & Astronomy Canada 

2
Thin Films and Photonics Research Group, Department of Physics & Astronomy, Université de Moncton 

 
E-mail of Corresponding Author: pandurang.ashrit@umoncton.ca 

 

Thin films of Tungsten trioixde (WO3) have gained increasing importance due to their 

interesting chromogenic properties and for their high application potential in electrochromic 

devices. It is very well known that their electrochromic switching properties depend very 

sensitively on the nanostructure of the thin films. Hence, a vast majority of the research work 

carried out in this domain is dedicated to the various techniques of nanostructuring the WO3 

thin films in order to increase their electrochromic efficiency.  

In the present work we have carried out a detailed and systematic work on the 

nanostructured WO3 thin films where a novel technique of varying the source-substrate 

distance in a sublimation-condensation method is proposed. This technique has been found to 

be very efficient in controlling the grain size and the nanostructure of the deposited films. A 

correlation is established between the optical and electrochromic properties of the WO3 films 

and the induced nanostructure. The electrochromic properties are studied both by the dry 

lithiation process as well as by the electrochemic method. Hence, the films are deposited on 

both glass susbtrates as well as indium tin oxide (ITO) coated glass substrates. The results are 

used to fabricate high efficiency electrochromic devices. 
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 Polyimides are high performance polymers that have been widely used as interference 

filters, separation membranes, coatings, adhesives, dielectric and packaging materials in the 

microelectronics industry [1].  

Organic hybrid films in which inorganic fillers such as zeolites, silane derivatives [2] 

are involved into polyimides have gained much attention because of the fact that they exhibit 

good thermal and mechanical stabilities, as well as low energy consumption [3].  

The interaction between organic-inorganic phases can be improved by the surface 

modification of inorganic fillers prior to the incorporation of them into polymer matrix. The 

present work contains the preparation of polymer films filled with unmodified and modified 

inorganic fillers. The effects of modification and filler content of the hybrid films on the 

thermal, mechanical and morphological properties were investigated. Electrical study such as 

dielectric constant measurements are in progress.  

 
References: 
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 In this work, tin oxide (SnO2) nano films were deposited on glass substrates with 

different water content using the sol–gel spin-coating method. SnO2 is a wide band gap 

semiconductor and it belongs to a variety of transparent conductive oxides known as TCOs. 

The influence of the water content and the heat treatment temperature on the structural and 

optical properties of the thin films is characterized by X-ray diffraction (XRD), atomic force 

microscopy (AFM), UV–vis spectroscopy (UV), and scaning electron microscopy (SEM). 

Crystal sizes of nano SnO2 films was controlled by SnCl2:water ratios. The most significant 

characteristic of nano materials is as particle size decreases, surface area increases. XRD 

studies showed that the formation of tetragonal rutil phase was initiated at annealing 

temperature close to 450 
ᵒ
C. The activation energy of nano SnO2 films for partical growth was 

calculated. The quantum size effect of nano particles was confirmed by the band gap energy 

shift, using ultraviolet–visible spectroscopy (UV–vis). SnO2 have been considered as the most 

promising functional materials due to their wide direct band-gap, and excellent electrical and 

optical properties. Due to this properties of SnO2 films is used in electronic and optoelectronic 

devices like gas sensors, solar cells and lithium batteries etc.  
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Cu electrodeposition was performed on a cylindrical AZ80 substrate with a U-shaped 

surface. A uniform deposition of Cu was achieved on an AZ80 electrode via galvanostatic 

etching, followed by Cu electrodeposition in an eco-friendly alkaline Cu plating bath. 

Improper wetting and lower rotational speeds of the AZ80 electrode resulted in an uneven Cu 

deposition at the inner upper site of the U-shaped surface during the Cu electroplating 

process. This wetting effect could be deduced from the variation in the anodic potential 

during the galvanostatic etching. The corrosion resistance of the Cu-deposited AZ80 electrode 

can be considerably improved after Ni electroplating.  
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We have studied an equation for a bound state of an Abrikosov vortex at an extended 

linear defect in a thin superconducting slab in the presence of a transport current. We use the 

model of an elastic vortex string in the potential well of linear defect under the impact of of 

the Lorentz force. Theoretical analysis allowed us to find the condition for a vortex depinning 

and thus to estimate the critical current density. Numerical study of the pinned vortex stability 

has been performed which confirms the theoretical estimations. It has shown that the 

depinning evolves through a threshold scenario due to the bifurcation of the system. The 

critical current dependence on a slab thickness is calculated. The results are in good 

agreement with experimental data for high temperature superconductors.  

 
The work is supported by the Russian Foundation for Basic Research,  
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Functional polymer brushes may be used at surfaces for functional organic coatings 

with adaptive properties and in connection with inorganic nanoparticles can serve as 

responsive and versatile functional layers. A fairly robust way for the generation of such 

nanoscopic coatings is the attachment of polymer chains to the surface by covalent bonding. 

Nanoparticles are attached by adsorption or covalent binding at the end of the chains. At high 

grafting density a brush-like layer will be formed, and surface properties can be changed 

significantly while bulk properties are largely unchanged. Utilizing mixed polymer brushes 

the surface properties can be switched between different states, and it is even possible to 

switch between ultra-hydrophobic and ultra-hydrophilic behavior [1]. Depending on solvent 

conditions, one or the other polymer chain occupies the surface layer and thus determines 

surface properties, which depend on the outermost surface layer. The properties depend also 

on glass transition and mobility in the layer, where in particular the switching and responsive 

behavior is influenced. This effect can be used to control the location of nanoparticles at the 

top or inside the layer. Layers are characterized in different ways including contact angle 

measurements, x-ray-photoelectron-spectroscopy, ellipsometry, quartz-crystal-microbalance 

and scanning force microscopy.  

The switching of surface properties with mixed polymer brushes can be used for water 

repelling textiles, which can be ultra-hydrophobic in everdays use, but will switch to 

hydrophilic behavior during washing in the washing machine [2]. In sensing applications 

fluorescent nanoparticles attached to the polymer brush chains will be close to the surface or 

further away depending on environmental conditions, and thus may serve as a sensitive 

optical sensor for the degree of swelling. By surface enhanced Raman scattering a chemical 

sensing is achieved [3]. Similarly the hydrophobic nature of a mixed brush layer can be 

changed by pH, ion strength or temperature, which allows to control the adsorption of 

polyelectrolytes and protein molecules depending on the state of the brush [4]. We 

acknowledge financial support by DFG/NSF and BMBF for this work.  
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[3]R. Contreras-Caceres et al., Chemistry of Materials, 25 (2013) 158;  

[4] E. Bittrich et al., Langmuir, 28 (2012) 3439  
 

 

 

 

 

 

 

 

 

 



Science and Applications of Thin Films, Conference & Exhibition (SATF 2014) 
Çeşme, Izmir, Turkey, September 15 to 19, 2014 

74 
 
 

 

CT35  

Formation and Properties of Films Based on Polyvinyl Alcohol and Doped 

with Silver Nanoparticles 
 

Aleksey Potapov
1
, O. A. Daineko

1
, N.A. Ivanova

1
, V, E. Agabekov

1
 and М. Ben-Xussain

2
 

 
1
Institute of chemistry of new materials of National Academy of Sciences (ICNM NASB) 

2
King Abdulaziz City for Science and Technology (KACST, Saudi Arabia) 

 

E-mail of Corresponding Author:  Potapov555@tut.by 

 

At present scientists worldwide actively produce and study the specific properties of 

new composite materials, in particular polymers with implemented in it noble metal in the 

form of nanoparticles (NPs) of nanofibres and nanowires [1-2]. Polymer films with NP of Ag 

can be used in stealth technology for creation thermophotovoltaic elements, for radiative 

cooling / heating of optoelectronic devices and for construction of photodetectors [3-5]. 

The laboratory of optical anisotropic films ICNM NASB is engaged in creating film 

polarizers and other optical films based on polyvinyl alcohol (PVA) for different purposes 

including films with NP of Ag, Au [6]. The aim is to obtain materials with feedback effect of 

refraction and the creation of "perfect lens" to overcome the diffraction limit. 

It was developed the technique of producing PVA films doped with NP of Ag, as a 

result of dried PVA composition containing precursors NP - silver nitrate and "mild" reducing 

agents - quaternary ammonium compounds. Drying speed of PVA film was evaluated on the 

basis of weight loss of the film and on the change in the electrical resistance (minimum Rsq 

of wet film during the evaporation of water from the PVA composition was 20-25 kiloohms). 

The influence of the PVA composition, as well as external influences (eg, UV 

irradiation, passing through the film DC) were studied respect to change of optical 

characteristics of the films on Ag NP size and density of their distribution.  

It is established that the size of NP depends on a combination of factors, the amount of 

reagents in the PVA composition entering into redox reaction is the key factor. For example, 

content reduction of Ag + conduce the increase of the size of the NP of Ag, and DC 

transmission - conduce their shift toward the cathode. 
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Cu2O-based heterojunction thin film solar cell has attracted increasing attention as future 

generation solar cell due to several advantages such as abundant materials, low fabrication 

cost, and environmental friendly. However, the highest conversion efficiency is still low until 

to date, which is far away from theoretical value of 18%. The Cu2O based heterojunction have 

been prepared by using thermal oxidation, sputtering and electrodeposition method. Among 

these, electrodeposition is a versatile technique and has several advantages such as easy set-

up, ambient pressure deposition, low fabrication cost, environmental friendly and possibility 

of large-scale deposition. The best approaches to enhance the conversion efficiency are to 

develop n-Cu2O layer and construction of homojunction thin film. In this study the effect of 

bath temperature and pH solution were investigated on electrodeposit-n-Cu2O layer. These 

two important parameters play a role in providing excellent properties of n-Cu2O layer. A 

simple aqueous solution containing copper(II) acetate, acid lactic and potassium hydroxide 

was used and the pH was varied below 6.5. The electrochemical cell with conventional three 

electrodes was used to fabricate n-Cu2O and several analyses were done to investigate the 

structural, morphological, and optical properties. The successful fabrication of n-Cu2O was 

confirmed and the significant effects of bath temperature and pH solution were observed.  
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Zinc oxide (ZnO) is known that high-electrical-conductivity and ferromagnetism are 

achieved by doping of trivalent-element and Fe-group-element [1]. We have grown Mn-doped 

ZnO (MZO) thin films on SiO2-glass, C-plane-cut Al2O3 and MgO (001) substrates for the 

substrate temperature (Ts) from room temperature (RT) to 550 ºC and deposition time of 6 

min to 1 hr, by using a radio-frequency (rf)-magnetron sputter deposition (off-axis) method 

[2] with a Zn1-xMnxO (x≈0.05) sintered target. X-ray diffraction (XRD) shows that M ZO 

films are polycrystalline and has exceptionally a-axis predominant orientation for MgO at Ts 

above 400 ºC, and c-axis orientation otherwise. No diffraction peak was observed other than 

ZnO and substrate, indicating that crystalline Mn oxides are not present in the films. 

According to Rutherford backscattering spectroscopy (RBS) of 1.8 MeV He ions, Mn/Zn is 6 

% and the composition is nearly stoichiometric. Also, the thickness of thin films is derived 

from RBS and deposition rate is obtained to be approximately 8.7 nm/min. As observed for 

AlN films [3], it is found that the XRD intensity decreases with increasing the stress for M 

ZO films on SiO2-glass, where the stress is defined by the deviation of lattice parameter of 

thin films from the bulk value. Investigation of such a correlation is under way for M ZO 

films on C- Al2O3 and MgO substrates. M ZO films grown in this study have high resistivity 

(~1MΩcm) in contrast to In-doped ZnO [2] and paramagnetism.  
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B268(2010)3071.  

[3] N. Matsunami, H. Kakiuchida, M. Sataka, S. Okayasu, Advances in Physics and Chemistry, 3(2013)101. 
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In recent years, metal sulfide sensitizers have been utilized to fabricate quantum dot-

sensitized solar cells (QDSSCs). Mostly successive ion-layer absorption or chemical bath 

deposition is reported for preparation of the photoelectrodes. In this work, we study 

electrochemical deposition as a quicker and cheaper alternative to deposit CdS and Ag2S 

coatings on ZnO nanorod arrays. We investigate effect of reaction parameters such as 

deposition technique, time, potential, presence of additives and precursor concentration on 

structure and photoelectrochemical properties of the films.  

ZnO layers were grown on ITO (Indium tin oxide) coated glass electrode from 

aqueous nitrate bath. CdS, Mn_doped CdS and Ag2S coatings were directly grown on ZnO 

films by cathodic deposition from DMSO bath in the presence of elemental sulfur and 

corresponding cations. X-Ray diffraction diagrams showed that ZnO crystals were grown 

mainly in (002) direction on ITO surface. Structural examination suggests phase of CdS 

deposited depends on substrate and deposition type. Ag2S was obtained in acanthite form in 

all cases. XPS (X-Ray Photoelectron Spectroscopy) analysis was performed to determine 

metal to sulfide ratio. Photoreponse of the prepared films were studied in a three-electrode 

setup in the presence of polysulfide electrolyte under 1 sun conditions. Photoresponse tends to 

increase with deposition time for CdS coatings due to the increased amount of visible-light 

sensitive CdS on ZnO film. However, photocurrent produced is reduced by prolonged 

deposition. Reaction conditions were varied to optimize current-voltage characteristics. 

Doping CdS coating with Mn(II) ions is another strategy to optimize photoresponse. A short 

circuit current density of 1.42mA/cm^(-2) and an open circuit potential of -1.391V have been 

achieved for the annealed Mn_doped CdS/ZnO electrode resulting in an overall power 

conversion efficiency of 0.81%. Ag2S /ZnO photoelectrodes exhibit considerably enhanced 

and widened light absorption but lower power-conversion efficiency. Optimization of reaction 

variables and deposition of a protective layer to improve efficiency of Ag2S /ZnO films are 

also discussed. In this study, we present metal sulfide electrodeposition as a promising 

alternative to prepare cheap, efficient sensitizer layers for solar-energy conversion devices. 
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Transition metal nitrides have found wide-spread applications in the cutting- and 

machining-tool industry due to their extreme hardness, thermal stability and resistance to 

corrosion. The increasing demand of these nitrides requires an in-depth understanding of their 

structures at the atomic level. This has led to some experimental and theoretical researches [1-

6]. The films used in this study were deposited by reactive direct current magnetron sputtering 

of a Cr/V/Ti metal target in an Ar+N2 atmosphere at a constant total pressure of 1 Pa, a target 

power of 6 kW, and a temperature of 350°C. A TEM/STEM JEOL 2100F operated at 200 kV 

and equipped with an image-side CS-corrector and a Gatan imaging filter (Tridiem) was 

utilized for characterizing the film structure. 

In this paper, we will present some recent results on the atomic and electronic 

structures of metal nitride thin films (CrN, VN and TiN) on MgO and Al2O3 substrate using 

advanced TEM techniques, such as CS-corrected HRTEM/STEM, EELS/EDXS, quantitative 

atomic measurement and electron diffraction analysis as well as theoretical calculations. 

Interfacial detailed atomic and electronic structures are revealed and compared. Interface 

induced phenomena between nitride films and substrates are unveiled [2,3].  

Particular study on the effect of N defects in the metal nitride (CrN) film has led to 

some interesting conclusions. Ordered nitrogen (N) vacancies were often found to well 

distribute at the {111} planes. Combining independent image analysis, such as atomic 

displacement/strain measurement using geometrical phase analysis, and spectrum analysis by 

examining the low loss and core loss, fine structure analysis, some generalized conclusions 

are drawn, which are: (i) a relationship between the lattice constant and N vacancy 

concentration in CrN is established [5], (ii) the change of ionicity in CrN crystal with the N 

vacancy concentration is shown; (iii) a relation between electronic structure change and 

elastic deformation in CrN films has been experimentally derived, revealing that the elastic 

deformation in CrN may lead to a visible change in the fine structure of Cr-L2,3 edge, i.e. 

L3/L2 ratio.  

The effect of randomly distributed defects in the films has been explored in a 

quantitative way using quantitative electron diffraction, combined with HRTEM and EELS 

analysis. Quantitative electron diffraction analysis reveals that the intensity ratios of (111), 

and (200) reflections (I111/I200) sensibly varies with the defect densities. Some quantitative 

relations are established.  

 
[1]. R. Daniel et al, Acta Materialia 58(2010), p. 2621. 

[2]. Z. L. Zhang, et al Physical. Review B 82(R)(2010) 060103-4  

[3]. Z. L. Zhang, et al Journal of Applied Physics, 110(2011) 043524-4 

[4]. Z.L. Zhang et al Physical Review B 87 (2013)014104. 

[5]. T.P. Harzer, et al Thin Solid Films 545 (2013) 154–160 

[6]. A.S. Botana et al Physical Review B 85(2012), p. 235118 
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At fabrication of a wide range of optoelectronic devices operating in infrared (IR) 

band of spectrum the lead chalkogenides and their solid solutions are the worthy collaterals of 

InAs and Cd1-xHgxTe alloys. According to preliminary calculations, in Pb1-xSnxTe and PbTe 

nanoscale films the transition from classic type size effects to size quantum effects would be 

watched within a thicknesses interval from 25 nm up to 150 nm [1]. 

The main purpose of the present work is to verify the possibility of size quantum 

effects in Pb1-xSnxTe/BaF2 (111) nanoscale heterostructures. For this purpose the evolution of 

electrical parameters of Pb1-xSnxTe films (x= 0.26) on BaF2 (111) substrates has been studied 

depending upon their thickness and preparation procedure.  

In this work Pb1-xSnxTe/BaF2 (111) epitaxial heterostructures were fabricated by 

molecular beam epitaxy (MBE) technique. MBE apparatus is equipped with high energy 

electrons diffraction (RHEED) adjustment, quartz balance for growing layer's mass 

measurements, and thermocouple manipulator mechanism for the control of substrate surface 

temperature. Before deposition of Pb1-xSnxTe layers the single crystal BaF2 (111) wafers were 

treated by pre-epitaxy cleaning technique and annealed at T= 1125 K in vacuum. The 

measurements of conductivity and Hall coefficient were carried out by four-probe Van der 

Pauw technique within temperature interval 4.2 – 300 K. The experimental results were 

compared to the values of the same parameters of Pb1-xSnxTe/BaF2 (111) heterostructures 

with chalcogenides layer thickness d more than 1,000 nm. 

In this work Pb1-xSnxTe/BaF2 (111) nanoscale heterostructures intended for electrical 

parameters measurements were prepared by two different procedures. First of them was the 

direct films deposition from the source with ground Pb1-xSnxTe single crystal and annealing at 

T= 680 K during two hours. The processes of Pb1-xSnxTe films deposition and annealing have 

been carried out under RHEED control of their real microstructure. The second procedure was 

thinning of previously formed Pb1-xSnxTe films with d> 1,000 nm up to nanoscale size by 

polishing in etching solution.  

The analysis of the experimental results has shown that for Pb1-xSnxTe films with d< 300 nm 

the decrease in charge carrier mobility values occurred in temperature interval 4.2– 250 K in 

comparison with samples with d> 1,000 nm. In addition, at approximately the same thickness 

Pb1-xSnxTe films prepared by first technique are characterized by charge carrier mobility 

values, which were in 3- 8 times less than the values for layers fabricated by second 

technique. It has been assumed that the electrical parameters degradation with decrease in 

thickness of nanoscale films is caused by enhancement of the role of defect interface Pb1-

xSnxTe/BaF2 layers during charge carrier transport processes. 
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In this paper some technological and physical limits for scaling of devices and 

conducting paths in of silicon integrated circuits (ICs) are discussed. Since 40 years only 

semiconductor technologies, mostly the CMOS, are used for fabrication of integrated circuits 

in the industrial scale. A forecast of the development of the semiconductor industry (ITRS 

2012) predicts that sizes of electronic devices in ICs will be smaller than 10 nm in the next 10 

years [1]. The physical gate length in a MOSFET will even amount 7 nm in the year 2024. At 

least 5 physical effects should be taken into account if we discuss the limits of miniaturization 

of integrated circuits [2]: 

– quantization of both electrical (measured also in our experiments) and thermal 

(measured by other groups) conductance in narrow and thin transistors`channels and in 

conducting paths; 

– spread of doping atoms in a semiconductor material; each dopant would induce a 

relatively high potential bump; 

– propagation time of electromagnetic wave along and across a chip (IC);  

– electrostatics; a loss of electrostatic control of the drain current vs the gate voltage; 

– electron tunneling between a source and a drain inside a MOSFET through a 

insulation (oxide).  

Most important limits are: quantization of electrical [3] and thermal conductance in 

nanostructures, a degradation of electrostatic control in the channel of MOSFET and 

tunneling along the channel of MOSFET. According to the state of the art the minimal length 

of gate in MOSFET in silicon ICs is around 3 nm. However technological limits allow to 

apply only the 10 nm-technology in the next 10 years.  

 
References: 
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Electrochromic materials are emerging technology in terms of their common 

application areas including smart windows, energy efficient buildings and architectural 

glazings. Among the other electrochromic materials, Tungsten Trioxide (WO3) is the most 

interesting one due to its promising electrical and optical properties. In this study, the 

influences of the applied power on the electrochromic properties of the sputtered WO3 on 

ITO/Glass substrates were investigated. X-Ray diffraction (XRD) and X-Ray reflectivity 

(XRR) measurements were used for structural characterizations. Electrochromic 

measurements were studied by Cyclic Voltmeter (CV), Chronoamperometry (CA) and 

lifetime cycle measurements. The growth power was varied from 0.7 kW to 1.5 kW with the 

step of 0.2 kW. XRD results revealed that as-grown WO3 layers were showing amorphous 

structure. By CV measurements, it was found out that the coloration efficiency and the 

switching time were strongly dependent on the growth power. The coloration efficiency 

increased from 55 cm
2
/C up to 87 cm

2
/C with a decrease in the power from 1.5 kW down to 

0.7 kW. In addition, with decreasing growth power, the coloration and bleaching times 

shorten from 11.75 sec. to 5.93 sec. and from 17.35 sec. to 9.69 sec., respectively. The 

increase in coloration efficiency and the decrease in the coloration and bleaching times with 

decreasing growth power could be explained by enhancing kinetics of electrochromism 

associated with the film density.  
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The La0.7Sr0.3MnO3-δ thin films were deposited on Si(100) substrates by DC 

magnetron sputtering and followed by annealing at 973K for 0.5h~2h in air/oxygen 

atmosphere. The microstructure, reflectance at room temperature and magnetoresistance (MR) 

of the annealed films were investigated based on Glance angle X-ray diffraction (GXRD), 

Fourier transform infrared spectroscopy (FTIR) and resistivity measurement. The results 

indicate that all the films show the (100) preferred orientation, and the degree of (100) 

preferred orientation changes obviously with the changes of annealing time and annealing 

atmosphere. The films with highly (100) preferred orientation have a shorter Mn-O bond 

length. With the increase of temperature, the MR% of all the annealed films first decreases 

slowly in a wide temperature range, then increases, finally decreases rapidly. The maximum 

MR% of the films at 10K and room temperature is about 42.4% and 7.4%, respectively. The 

lengthening of annealing time results in the decrease of magnetoresistance in measuring 

temperature and the occurrence of order magnetoresistance (OMR) effect above the room 

temperature for the films annealed in air atmosphere. However, it can increase the metal-

insulator transition temperature (TMI) and enhance the temperature stability of 

magnetoresistance between 50K~250K. In addition, the emittance of the films at room 

temperature can be adjusted by changing annealing time.  
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 After first reports on room temperature visible photoluminescence (PL) in the early 

1990s, great interest in the optical properties of Si nanocrystals has grown over the last decade 

because of their potential applications toward Si-based integrated optoelectronic devices. Our 

group has focused on the formation of silicon nanocrystals, and developed the first examples 

of luminescent Si nanocrystals inside of SiO2 using ion implantation. Nowadays, it is well 

known that Si ion implantation into SiO2 and subsequent high temperature annealing (more 

than 1000 oC) induce the formation of luminescent Si nanocrystals. The PL peaking in the 

near infrared or visible spectrum (between 1.4 eV and 1.8 eV) is evidently related to 

implanted Si nanocrystals formed by decomposition of the SiOx phase and aggregation with 

high temperature annealing.  

 In this work, the potentialities of excimer UV-light (7.2 eV), rapid thermal annealing 

(RTA) and e-beam irradiation to enhance the PL and to achieve low temperature formation of 

Si nanocrystals have been investigated. The implanted samples were subsequently irradiated 

with an excimer-UV lamp. After the process, the samples were rapidly thermal annealed 

before furnace annealing (FA). PL spectra were measured at various stages at the process. We 

found that the luminescence intensity is strongly enhanced with excimer-UV lamp irradiation 

and RTA. Moreover, effective visible PL is found to be observed even after FA at 900 
o
C. 

Based on our experimental results, we discuss the effects of excimer-UV lamp irradiation and 

RTA process on Si nanocrystals related PL. The formation process of Si nanocrystals with 

UV, RTA and FA treatments can be explained with bond-breaking (Si-Si and/or Si-O), defect 

generation, de-nucleation, defect-initiated nucleation and frozen of individual states. 
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One of innovative approaches for Li-containing currency sources is wide application 

of polymeric electrolytes those leads to enhancement of energy and technical capacities.  

Polymeric electrolytes, applied for Li-containing currency sources must meet all reasonable 

mechanical performance, high ionic and low electronic conductivities, wide range of 

electrochemical stability, as well as be intact to electrodes and their parts.  

From point of content view the polymeric electrolytes could be divided for two large groups. 

The first group contains polymeric electrolytes without solvent and with as a rule the 

following content: polymer (macromolecules), salt of lithium, and sometimes non-organic 

fine-dispersed additive. This group is called usually solid polymeric electrolytes. The second 

group of polymeric electrolytes contains polymer, salt of lithium, additive and solvent 

additionally.  

 Remarkable disadvantage of polymeric electrolytes containing solvent is potential 

thermodynamic instability of their phase content, except microporous-structured membranes. 

Besides, common disadvantage of the second group of polymeric electrolytes is volatile 

solvent enabled to evaporation during substantial storage or work of batteries.  

That is why now researches on Li-containing polymeric electrolytes with high ionic 

conductivity in wide temperature range and stability to electrochemical conditions or 

mechanical stress are prospective and highly applied especially for Lithium cations. 

Some type of ionic conductive and elastic polymer electrolyte is one based on poly(ethylene 

glycol) (PEG) substrate. In this work a series of Silica-containing PEG films both blank and 

with various content of lithium salt were prepared. 
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Cr-C deposits were electroplated on a pure Cu substrate in a Cr+3-based plating bath. 

After electroplating, the Cr-C deposits with and without a Cu substrate were flame-heated for 

2 s to increase their hardness. Experimental results show that the hardness and crack density 

of a flame-heated Cr-C deposit were strongly affected by the Cu-substrate thickness. The 

hardness of as-plated Cr-C deposit with a Cu substrate increased from 750 to 1600 Hv after 

flame heating, while the hardness value of a flame-heated specimen with a thin Cu substrate 

was 1100 Hv and the lowest hardness value of 970 Hv was detected from the flame-heated 

Cr-C deposit without a Cu substrate. Increase in hardness values of flame-heated Cr-C 

deposits is attributed to precipitation of crystalline diamond membranes. Fully crystalline 

diamond-like membranes were found in the flame-heated Cr-C deposit with a Cu substrate; 

while semi-crystalline diamond-like membranes were detected in the flame-heated deposit 

without a Cu substrate. The constraint effect of the Cu substrate induced a high internal 

tension stress in the Cr-C deposit during and after flame heating, leading to widening through-

deposit cracks and increasing the deposit hardness.  
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Graphene has emerged to be an exciting material with potential applications. A 

remarkable feature of graphene is that it is a Dirac solid, with the electron energy being 

linearly dependent on the wave vector near the crossing points in the Brillouin zone. It also 

exhibits unusual fractional quantum Hall effect and conductivity behavior. The discovery of 

the fascinating properties of single-layer graphene has generated much interest in the physical 

and materials sciences. To distinguish graphene layers become a very important issue. Using 

the discriminant for each location of the RGB pixel, then calculate the colors of the graphene 

layers; it can distinguish the different layers of the image thought multi-spectral imaging 

technology. Therefore this method can save time for material characteristics measurements, 

such as Raman, TEM, and AFM. We quickly determine the layers of graphene samples from 

a microscope image. 
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Terahertz (THz) radiation is part of the electromagnetic spectrum lying between 

microwaves and the far-IR. This region has frequencies ranging from 0.1 – 10 THz and 

wavelengths from 3 mm to 0.03 mm. The military and other security organizations are 

requesting hand held Terahertz radar to remotely detect the presence of explosive materials, 

poison gases, ceramic weapons, and biological warfare agents like viruses and bacteria. The 

importance of developing passive and active devices which work in either terahertz or 

millimeter wave frequencies is ever more increasing in this popular field[1-2]. Devices 

fabricated with intrinsic Josephson Junctions are promising candidates to operate in the 

desired regime[3]. Detectors with high sensitivity, wide-band frequency coverage and large 

arrays are required for THz imaging. Superconducting devices are excellent candidates due to 

their distinctive advantages of extremely low noise, low power consumption and high 

frequency operation. In the study presented, we have investigated the Bi2212 log-periodic 

thin film antennas in order to understand the THz detection properties. A type of classical 

wide-band antenna is log-periodic antenna which is based on resonance effects where the 

logarithm of the frequency is periodically repeating. Generally, the THz signals intensity is 

low and the effective detection area of the sensors is very small. We have designed the log-

periodic antenna structures with optimized geometrical parameters by CST microwave studio. 

In the experimental procedure; a 100-500 nm thick Bi2212 thin film on saphhire substrate is 

patterned into the arrays of log-periodic antenna using electron beam lithography and ion 

beam etching techniques. Finally the created structures will be characterized using time-

domain THz spectroscopy (THz-TDS) and CW-THz measurement systems. 

 

*This research is supported by Science, Industry and Technology Ministry of Turkey under 
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Two-dimensional (2D) organic frameworks with highly conjugated units are 

promising new materials for future electronics [1,2]. The majority of the fully organic 2D 

systems, however, lack intrasheet π-conjugation and have poor chemically stability, which 

limit their applicability in core functions of organic electronics [3]. 

Utilizing metal ions to connect the electroactive organic units is advantageous for 

tuning the structural and electronic properties of the 2D systems. Structural modifications, in 

form of chemical functionalization of organic monomers and variation of inorganic metals, 

offer countless possibilities in tuning the key electronic properties of the two dimensional 

metal-organic frameworks (2D-MOFs) [4-6]. An atomistic study of bulk and thin film 

structures of the new 2D-MOF systems is useful in predicting and improving their electronic 

and optical properties. 

We perform first-principles calculations at the level of density functional theory on 

layers of MOFs with different translations. We calculate the potential energy surface and 

accordingly predict the lowest energy configurations of a new type of 2D-MOF. In 

collaboration with Dinca Group (MIT), we show that metal atoms may effectively be used as 

mediators between the interesting electroactive organic molecules [7]. Furthermore, we show 

that the new metal atom mediated conjugated system have very promising electrical 

properties. The newly developed material is an initial example for the successful integration 

of key materials properties (i.e., stability, exotic electronic states, and ease of chemical 

modification) in 2D systems. To increase its potential future use in semiconductor device 

industry, we are currently working on tuning the electronic structure of the material in bulk 

phase. 
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 The electronic quality of the a-Si:H/c-Si heterostructure interface has investigated 

using the numerical simulation tool automat for simulation of heterostructures (AFORS-HET) 

based on the surface passivation mechanisms to be able to reduce recombination losses at the 

crystalline silicon c-Si surface. It was seen that ratio of capture cross sections of electrons and 

holes and interface states density effected to solar cell efficiency. Different type of layers 

were used for buffer like a-Si:H and a-SiOx:H to passivate interfacial defects in solar cells. 

Performance variations of the solar cells were discussed according to simulation results.  
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In this work, n-type ZnO thin films were deposited using two electrode 

electrochemical deposition technique. The ZnO thin films were grown on ITO coated glass 

and p-Si substrates employing standard DC power supply under normal atmospheric 

conditions. Crystal structure of the ZnO thin films were acquired by adjusting the deposition 

charge current which is dependent on the substrate surface area, amount of precursor material 

and solution temperature. In addition, by changing Zn
+
 charge value on the substrates, various 

ZnO thin films were obtained in different thicknesses. In summary, compared to expensive 

production techniques in the literature, the low cost, transparent and conductive n-ZnO thin 

films were produced. Finally, by performing the physical characterization techniques, the 

effects of production methods on the film quality were investigated.  
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Polycrystal ZnO thin films have been deposited on ITO coated glass substrate in two 

different potential values -0,85 V and -0,95 V by electrochemical deposition technique with 

using 0.005 M Zinc Chloride (ZnCl2) or 0.01 M Zinc nitrate (Zn(NO3)2.6H2O) at 72 ± 2 OC 

and with supporting electrolyte 0.1 M Potassium Chloride (KCl) aqueous solutions. Under 

these conditions the solution was saturated with oxygen by passing oxygen through the 

growth cell. The energy band gap obtained from absorbance measurements was estimated to 

be between 3.46 and 3.63 eV. X-ray diffraction (XRD) results showed that all the films have a 

hexagonal structure. It was obtained by XRD that the crystallite sizes of the films are between 

46 and 54 nm. Morphological characterization of the ZnO thin films was characterized from 

the Scanning Electron Microscopy (SEM) images. It is seen from the SEM images that the 

surface of the films are leafy and fibrous form.  
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Nowadays, photovoltaic applications of zinc oxide (ZnO) based transparent 

conductive oxides (TCO) are increasing, rapidly due to their enhanced properties. They have 

high optical transmission, good electrical conduction, cheap value, and absence of toxicity. 

Especially, ZnO thin films are doped with the Group-III elements such as; aluminum 

(ZnO:Al) and gallium (ZnO:Ga), in order to increase the conductivity by one or two orders of 

magnitude. They can be deposited using various techniques such as; thermal evaporation, 

spray pyrolysis, sol–gel process and magnetron sputtering. Among these techniques sputtering 

permits work at low temperatures and gives deposits of better adhesion and higher density and 

takes its place in industrial process. Moreover, various investigations exhibited that sputtering 

parameters such as deposition rate, r.f. power, target substrate heating, process pressure etc. 

have great influence on the film characteristics. Therefore, in the present study we focused on 

understanding the influence of r.f. power variation on ZnO:Ga thin films. 

All ZnO:Ga thin films were deposited by using r.f. magnetron sputtering system. ZnO 

target mixed with 3 wt. % Ga2O3 (99.99% purity, 100 mm diameter, Kurt J. Lesker) was 

sputtered on 100 mm diameter Corning 1737F glass. The substrate cleaning procedure was 

carried out by applying isopropyl alcohol (IPA), acetone and deionized (D.I.) water, 

respectively. All depositions were done at room temperature conditions, without intentionally 

heating. The target-to-substrate distance (DTS) was maintained as 45 mm and argon pressure 

was set as 0.4 Pa. The base pressure in the chamber was evacuated around 1 x 10-5 Pa using a 

diffusion pump. To remove any contaminants, pre-sputtering was applied for 5 minutes and 

deposition was carried for 30 minutes. The influence of r.f. power was investigated from 150 

W to 350 W. Achieved results were analyzed with the help of XRD, AFM, SEM, HRTEM, 

four point probe and optical transmittance measurement techniques. Both the obtained data 

were compared with ZnO and ZnO:Al thin films characteristics.  

The achieved results revealed that the r.f. power variation played a critical role on 

ZnO:Ga thin films. Especially, the deposition rate increased from 80 Å/min to 300 Å/min, 

while resistivity values obtained around 10-4Ω.cm. According to XRD results, all the thin 

films were oriented with the crystallographic c-(002) axis perpendicular to the substrate 

surface. Also, the crystallite size of the ZnO:Ga films were larger than ZnO and ZnO:Al thin 

films. The optical transmittance increased from 87 % to 93 % with the increase of r.f. power 

values. Moreover, the surface roughness (RMS) values were raised from 2.12 nm to 15.70 

nm. 
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The laser material interaction is one of the ever-growing fields of science for years and 

progresses parallel to designing new laser systems. Material processing with lasers has several 

advantages compared with traditional methods. One of the main advantages is the ability to 

control laser beam and its energy exposed on the material with high precision. The second 

main advantage is that the processing techniques with laser are very cost effective since laser 

processing is non-contact and eliminates tool wearing. Third, it is a chemical free application, 

thus can be considered a clean technique for processing materials. Fourth, it is possible to 

remove parts of the processed material by adjusting the wavelength or intensity; selective 

material removal is possible without damaging the under layer. 

In this work, modification of several types of materials are studied by a 60 W 

nanosecond pulsed fiber laser amplifier which has recently been developed by our group . By 

taking advantage of independently adjustable repetition rate and pulse duration of laser beam, 

we aimed to show the effects of laser pulses on precise material processing applications, 

especially in solar cell technology. The impact of the laser parameters on bulk and thin film 

processing were investigated in various applications. Firstly, solar cell edge isolation process 

with fast processing speed was performed to achieve high quality isolated zones and the 

effects of the laser beam with variable parameters on Si based cells have been determined. 

After pulsed laser isolation process, we achieved an extra ~2% efficiency on a full scale wafer 

while processing the wafer with 2000 mm/s scanning speed. Secondly, a scribing application 

on thin film was demonstrated. For this purpose, laser beam removal of molybdenum and 

indium tin oxide thin film layers from substrates has been characterized. The laser amplifier is 

capable of ablating the materials from the surfaces of the substrates by using a high intensity 

laser beam to vaporize the material from surface. In the first application, we have taken 

advantage of the laser's high average power and energy to achieve an increased scan speed 

compared with commercially available industrial lasers. In the second application, we have 

taken advantage of the independently adjustable pulse duration and repetition rate to achieve a 

high quality thin film removal. 
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A low cost, easy to construct, PIC (Programmable Interface Controllers) based system 

for transient spectroscopy measurements is described. The main feature is that it allows the 

transient measurement by double gate technique like boxcar averager. PIC based boxcar 

system consists of three parts such as pulse generator unit (PG), time base generator unit 

(TBG) and signal processing unit (SP), respectively. TBG unit, constructed with PIC18F4550. 

PIC uses stable and accurate 8 MHz crystal oscillator. TBG unit can be triggered by the rising 

or falling edge signal depending on the desired measurements. Clock signal is generated for 

desired time base in the range of 1 µs and 1 s with a 25 different steps (1, 2, 4, 8, 10, 20, 40, 

80, 100, 200, 400, 800 and 1000 µs and ms) is selectable from the keypad of the TBG unit. 

Key pad unit is consist of 3 rows and 5 columns and it was constructed using normally open 

swicthes. This system divides observation time interval of 32 rate windows. In order to read 

the signal corresponding desired two rate windows are stored using built-in analoque digital 

converter of microcontroller and sent to computer via USB interface. The biggest advantage 

of this system is simple and inexpensive and has the flexibility to use for different studies 

such as Deep Level Transient Spectroscopy (DLTS), Photo-Induced Current Transient 

Spectroscopy (PICTS) studies. System was tested using the triangular test voltage wave form 

generated using by HP8116 pulse generator for different amplitude and duty cyle of test wave 

form, respectively. 
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Cu2ZnSnS4 (CZTS) is a p-type, quaternary compound semiconductor material. Despite 

the high conversion efficiencies of conventional thin film solar cells, the restrictions on heavy 

metal usage for Cd and limited source and high cost of In and Ga, restrict the production 

capacity of CdTe and chalcopyrite based thin film solar cells. CZTS is a preferable material 

which consists of Cu, Zn, Sn and S. CZTS has band gap energy around 1.5 eV, and has large 

absorption coefficient (≥ 104 cm
-1

) [1]. For CZTS based thin film solar cells, 12.6 % 

efficiency has been achieved in 2013 [2]. According to the Shockley–Queisser limit, CZTS 

solar cells theoretical conversion efficiency is above 30% [3]. Molybdenum (Mo) is the 

preferred element that is used as back contact layer on soda lime glass substrate. However, 

lately resultant studies revealed that Mo back contact has detrimental effects in CZTS solar 

cells [4]. Recent studies revealed that other transition elements can replace Mo element, since 

they have suitable thermal expansion coefficient, work function and high corrosion resistance. 

We used two stage methods to growth CZTS semiconducting thin film. Firstly, metallic layers 

were sequentially deposited on ceramic and flexible metallic foil substrates via dc- magnetron 

sputtering Then, this metallic precursor sulfurized in Argon (Ar) atmosphere above 500 
o
C by 

using sulphur powder, which is crucially important step to obtain CZTS structure. The details 

of the fabrication process will be discussed. Structural characterizations were done by Energy 

Dispersive Spectroscopy (EDS), X-Ray Diffraction (XRD) and Raman spectroscopy. EDS 

measurements revealed chemical characterization of the samples. Surface morphology was 

determined by SEM analysis. The (112) preferential plane was observed clearly in XRD 

patterns. We obtained Raman peaks at 336, 288, 252, 368 cm
-1

, which refers to CZTS 

kesterite structure[5]. Also, electrical measurements indicated p-type semiconducting material 

behaviour. In conclusion, growth of CZTS compound semiconductor material on various 

substrates, were carried out succesfully. 

 

*This research is partially supported by TUBITAK (The Scientific and Technological 

Research Council of Turkey) project with number 112T068.  
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Ferromagnetic resonance (FMR) is known as one of the most effective methods to 

study magnetic and structural properties of various materials, including magnetic anisotropies, 

exchange energy, magnetic and structural uniformity, damping parameters, etc. FMR has 

been widely used to probe the nanoscale magnetic properties of spintronic (magneto-

electronic) materials, which are the subject of the intense research nowadays.  

In this work we give some examples of application of FMR technique to study the 

magnetic properties of thin films of half metallic ferromagnets as well as the magnetic oxides. 

It has been demonstrated that FMR provides important information on the magnetocrystalline 

anisotropies, including the effects of the strain anisotropies due to the lattice mismatch 

between epitaxial thin film and substrates. It has been also shown that in some cases multiple 

FMR modes can be observed due to the presence of the magnetic phases with different 

magnetic properties. Magnetic regions with different easy axis directions have been observed 

in the chromium dioxide as result of step-wise strain relaxation. Anisotropic ferromagnetism 

in the single crystal oxides implanted by transition metal ions (Co, Fe) has been revealed. It 

has been shown that the anisotropy in the magnetic properties of the TiO2 and ZnO thin films 

or plates, implanted by Co+ or Fe+ ions, may appear both as result of an intrinsic 

(substitutional ions) and extrinsic (magnetic nanoparticles) ferromagnetism. Multiple FMR 

modes have been observed in the systems, consisting of both intrinsic ferromagnetic phase 

and magnetic nanoparticles. 
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Electrochromic (EC) devices can change reversible and persistent their optical 

properties in the visible region (400–800 nm) upon charge insertion/extraction according to 

the applied voltage. A complementary type EC is a device containing two electrochromic 

layers, one of which is anodically colored such as vanadium oxide (V2O5) while the other 

cathodically colored such as tungsten oxide (WO3) which is separated by an ionic conduction 

layer (electrolyte). The use of a solid electrolyte such as Nafion eliminates the need for 

containment of the liquid electrolyte, which simplifies the cell design, as well as improves 

safety and durability.  

In this work, the EC device was fabricated on a ITO/glass slide. The WO3-TiO2 thin 

film was deposited by reactive RF magnetron sputtering using a 2-in W/Ti (9:1 %wt) target 

with purity of 99.9% in a mixture gas of argon and oxygen. As a counter electrode layer, 

V2O5 film was deposited on an ITO/glass substrate using V2O3 target with the same 

conditions of reactive RF magnetron sputtering. Modified Nafion was used as an electrolyte 

to complete EC device. The transmittance spectra of the complementary EC device was 

measured by optical spectrophotometry when a voltage of ±3 V was applied to the EC device 

by computer controlled system. The surface morphology of the films was characterized by 

scanning electron microscopy (SEM) and atomic force microscopy (AFM). The cyclic 

voltammetry (CV) for EC device was performed by sweeping the potential between ±3 V at a 

scan rate of 50 mV/s. 

 

Key words: RF magnetron sputtering, electrochromic device 
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This study is concentrated on Ag-Ga-In-Te (AGIT) polycrystalline structure which is 

quaternary chalcopyrite semiconductor belongs to the group of ternary III-V-VI2 compounds. 

AGIT thin films were deposited onto well-cleaned soda lime glass and ITO coated soda lime 

glass substrates by thermal evaporation method by using the stoichiometric polycrystalline 

powder. During the deposition process, the substrate temperature was kept at about 200°C. 

Following to the deposition, the post annealing procedure was applied at the different 

temperatures. The thicknesses of the as-grown films were measured electromechanically by 

Dektak 6M profilometer as 930 nm. The composition of the films was determined by energy 

dispersive X-ray analysis (EDXA) and the percentage of atomic ratios were found as about 

Ag:Ga:In:Te ~ 2:18:22:58. The structure of the films was determined by X-ray analysis and 

high intensity reflection was obtained at the major peak 2θ ~ 25.50° which indicates the 

preferred orientation of AGIT films. It was observed as in the (112) phase orientation. The 

optical transmission was carried out in the wavelength range of 320–1100 nm. Then, the band 

gap values were calculated in between 1.45 and 1.55 eV depending on annealing temperature. 

The temperature dependent photoconductivity was measured under different illumination 

intensity. The nature of existing trap levels were studied by measuring the variation of 

photocurrent as a function of illumination intensity. AGIT thin film changes its behavior from 

sublinear to supralinear following to the annealing process.  
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 Optical filters have received much attention currently due to the increasing demand in 

various applications. Spectral filters block specific wavelengths or ranges of wavelengths and 

transmit the rest of the spectrum. This paper reports on the simulated TiO2 – SiO2 optical 

filters. The design utilizes a high refractive index TiO2 thin films which were fabricated using 

spray Pyrolysis technique and low refractive index SiO2 obtained theoretically. The refractive 

index and extinction coefficient of the fabricated TiO2 thin films were extracted by simulation 

based on the best fit. This data was then used to design a five alternating layer stack which 

resulted into band pass with notch filters. The number of band passes and notches increase 

with the increase of individual layer thickness in the stack.  
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Plasma technology is one of the advanced processing method to modify both 

conducting and non-conducting substrates and surfaces. Plasma is a solvent-free (dry), non-

toxic, single-step process that provides thickness control for thin film depositions ranging 

from tens of angstrom to micrometers. It can be used for different applications such as 

etching, deposition, cleaning, sputtering, sterilization, research and as ion and electron sources 

for different applications. Recent studies includes atmospheric pressure plasma systems for 

similar applications and also health studies. The advantages of plasma processing can create 

various multidisciplinary studies. Plasma characteristics (pressure, density, temperature) and 

design (DC, capacitive, inductive, microwave… etc) plays a very important role for surface 

modification of surfaces. In this study, wide spectrum of plasma systems and characteristics 

as well as variety of applications and diagnostic techniques will be discussed. 
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Terahertz (THz) frequency region (0.3-10 THz) is the unexplored region of the 

electromagnetic spectrum and has a growing importance due to their variety of possible 

application areas such as defense security and the health sector. Their ability to pass through 

clothing, packaging materials such as fabrics, plastics, and cardboard, to reflect from metal 

and to absorbed by water host significant potential applications including shopping center and 

airport security [1]. Today, there are several deficiencies in different types of bolometers 

which are used for detection of THz waves or they require very difficult and costly cryogenic 

spending [2,3]. Their sensitivities to electrical interference and mechanical vibrations and 

most importantly changes in their performance with increasing frequency in THz region; at 

the same time, expensiveness and difficulty of having liquid helium that is necessary to reach 

temperatures as low as 4 K is directed us to work on this new type of detectors based on hot-

electron effects of high-temperature superconductors (HTSs) [4]. Practically used detectors to 

image THz waves (e.g. Golay cell and Pyroelectric detector) generally have high time 

constants (>30 ms) and low sensitivities. Sensitive bolometers, which have NEP 10
-13

 

W/sqrt(Hz), are not practical due to the requirements of liquid helium and also their time 

constants are greater than 5 ms. In this work, bolometer design which do not require liquid 

helium (simply cooled by liquid nitrogen), has the maximum NEP value of 10
-10

 W/sqrtHz, 

has the detectivity value 109 cm.sqrtHz/V, used for imaging purposes and has the sufficiently 

small characteristic time (reach under 100 micro-seconds ) will be made. To make Imaging 

with THz waves, Using Bi2212 crystal from the bismuth family of HTS with the critical 

temperature Tc=90 K reduce working temperature about 77 K, so, cooling with liquid nitrogen 

become possible. Developed Bolometer chip will have antenna detecting waves between 0.3-

10 THz and the sensitivity will be increased with the filter structures and THz absorbing 

coating. For this purpose, THz imaging system designed and imaging studies will be carried 

out with the produced bolometer. Moreover, Si composite bolometer working with liquid He 

and Golay cell will be used for comparison and calibration and response time of bolometer 

will be found. As a Terahertz source, WR1.5 AMC (Amplifier/Multiplier Chain) that covers 

the complete frequency band 500-750 GHz will be used. 

 
* This research is partially supported by SANTEZ project with number 1386.STZ.2012-1  
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THz region first draw attention of astrophysicists and they use it for characterization 

of the rotational and vibrational resonances and thermal emission lines of simple molecules. 

Application area of THz region has expanded greatly such as security, drugs and explosive 

detection, gases fingerprints and imaging. This kind of applications requires powerful sources, 

sensitive and fast detectors. We have shown that intrinsic Josephson junctions of 

superconducting Bi2Sr2CaCu2O8+δ could be used as powerful THz source [1, 2]. On the other 

hand superconducting materials can be used for THz detection. There are several constraints 

in different types of bolometers which are used for detection of THz waves e.g. they require 

very difficult and costly cryogenic spending and have slow response times. Detectors such as 

pyroelectric and golay cell generally have high time constants and low sensitivity. Most of the 

sensitive bolometers requires liquid helium that is necessary to reach lower temperatures [3]. 

Using high temperature superconducting (HTS) crystal of Bi2Sr2CaCu2O8+δ that have 90 K 

critical temperature it can be cooled with liquid nitrogen. Hot electron bolometers (HEBs) are 

new type of bolometers and their sensitivity and low cost cryogenic spending makes them 

attractive [4]. HEBs are two terminal devices with a superconducting bridge between ohmic 

contacts. HEBs are also work well area above 1 THz, an area where heterodyne 

superconductor-insulator-superconductor (SIS) receivers no longer work well. 

Bi2Sr2CaCu2O8+δ high quality single crystals successfully exfoliated [5] and transferred onto 

sapphire substrate without using any kind of epoxy. Transferred crystal’s surface properties 

investigated by AFM and SEM. Their thickness differs from several microns to 50 nm. 

Crystals surfaces are smooth, uniform and have an area of 200 μm X 200 μm. The process did 

not affect crystal surfaces or properties. Temperature dependence of in-plane resistance for a 

Bi2Sr2CaCu2O8+δ single crystal thin film measured. Electrical measurement clearly showed 

that superconducting behavior of crystals did not change after the transfer process. Area of the 

crystals is suitable for not only potential applications but also basic research. 

 

Keywords: HEB, HTS, Bi2212, Mechanical Exfoliation, TSZF 
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 We present a new lateral diffusion process in tungsten trioxide thin films deposited on 

gold films. Tungsten trioxide is an electrchromic material whose optical, electrical and 

wetting properties can be modified reversibly. In this material, electrochromism involves 

ion/electron insertion and extraction. In our study, a dilute HCl solution was used as the ion 

source. We first observe a uniform and fast change of color in tungsten films which is 

consistent with other studies in literature, i.e., the H
+
 ions diffuse into the oxide film in the 

direction perpendicular to the film's surface. This is a fast process and characterized in 

literature by a diffusion constant of about 7x10
-10

 cm
2
/s. In addition to this vertical diffusion, 

as the ion insertion process continues, a new type of diffusion parallel to the surface occurs. 

We observe that this lateral diffusion starts a few seconds after the beginning of the ion 

insertion process and has a tendency to originate from the imperfections in the oxide films. 

This lateral diffusion process is much slower than the vertical diffusion and corresponds to a 

diffusion constant of about 3x10
-5

 cm
2
/s. We additionally observe that the films which 

undergo this lateral diffusion lose their electrochromic reversibility.  
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CoCrMo alloys are metallic biomaterials and are broadly utilized as orthopedic 

implant materials. They are very stable materials and have been used since 1930. Silk Fibroin 

(SF) is a natural polymer biosynthesized by several of spiders and insects. The most defined 

silks are produced by the domestic silkworm Bombyx mori, which has been utilized in textile 

manufacture, clinical sutures and lately as a scaffold for tissue regeneration due to its 

noticeable mechanical properties. Hyaluronic acid (HA) is a natural and unbranched polymer 

consisted of disaccharide repeats of D-glucuronic acid (GlcUA) and N-acetylglucosamine 

(GlcNAc) connected alternately by β-1, 3 and β-1, 4 glycosidic bonds and frequently used in 

biomedical industry such as applications of orthopedic, antiadhesion, cardiovascular, 

dermatology and wound-healing. This research aimed to characterize the pH-induced 

complexation of multiple layer silk fibroin (SF) and hyaluronic acid (HA) films on CoCrMo 

alloys. In the present study, consisted of six, ten and fourteen layers of three type films which 

are called SF, SF/HA complex and SF/HA layer-by-layer (LBL) were coated on CoCrMo 

alloys. In the literature, it was known that SF and HA complexes were occurred within the 

pH-range of 2.5-3.5, disregarding of the biopolymer ratio, mixing order and total biopolymer 

concentration. To investigate the effect of pH on the morphology/properties of the films on 

CoCrMo alloys, three different pH values were chosen: 3.0, 3.5 and 5.5. Surface structures of 

films were investigated by Attenuated Total Reflectance Fourier Transform Infrared 

Spectroscopy (ATR-FTIR) and X-Ray Diffraction (XRD) and morphology of films were 

searched by Scanning Electron Microscopy (SEM) and Atomic Force Microscopy (AFM). All 

samples were treated with methanol, a conformation transition was aimed to stimulate from 

silk I to silk II to make the films insoluble and to increase the mechanical characteristics. 

Characteristic IR absorption peaks for silk I and silk II structures were observed by ATR-

FTIR spectroscopy for all samples at pH 3.0, 3.5 and 5.5. The XRD spectra of fourteen layer 

of SF/HA complex and SF/HA layer-by-layer films on CoCrMo alloys at pH 3.5 showed that 

the films are amorphous structure due to the inorganic phase. SEM images showed that at pH 

3.0 and 3.5, as the working pH values close to the isoelectric point of fibroin (IEP=3.9), SF 

molecules tend to aggregate. However, at pH 5.5, the fibres of SF are moved everywhere of 

the surface due to the working pH which is far away to the IEP of fibroin. As is seen for SEM 

images, at pH 3.5, colloidal particles are observed for all multilayer SF/HA complex and 

SF/HA layer-by-layer films on CoCrMo alloys due to the working solution pH close to IEP of 

fibroin in AFM images. AFM images also clearly indicated that the film thickness and surface 

roughness of LBL coated specimens is almost higher than those of complex coated films on 

the investigated specimens. 
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Thin film transistors (TFTs) are used in numerous electronic applications such as 

active matrix organic light emitting diodes (AMOLED), active matrix liquid crystal display 

(AMLCD). Although several materials such as amorphous silicon (a-Si), polycrystalline 

silicon (pc-Si) and organic semiconductors (OS) can be used as active layers for TFTs, there 

has been growing interest in amorphous oxide semiconductors (AOS) based on zinc oxide 

(ZnO) such as indium-gallium-zinc oxide (IGZO). a-Si and OS TFTs have a low field-effect 

mobility while pc-Si TFTs suffer from non-uniformity over large areas. IGZO TFTs have 

several advantages which include visible light transparency, large-area uniform deposition at 

low temperature, and high carrier mobility. Furthermore, the low temperature deposition 

allows building active matrix displays on plastic substrates. Flexibility is another major 

advantage. 

However, the threshold voltage of IGZO TFTs, like in other TFTs, can be severely 

degraded by different types of stress such us negative or positive bias, temperature, exposure 

to light or even mechanical strain. This phenomenon is referred to as threshold voltage 

instability. It is believed that stress induced instability is due to defects created in different 

regions of the device. However the type of defects responsible for this instability is not clear 

yet. It is evident that that there a lot of non clarified issues in the effect of different types of 

stress on the electrical characteristics of a-IGZO TFTs. In particular which type of stress 

(optical, gate bias, drain bias, temperature, etcc..) creates which type of defects (interface, 

bulk, surface, discrete levels, continuous DOS, etc…). This paper is an attempt to elucidate a 

particular side of this issue. We have assumed that stress, whatever its nature is, creates either 

an interface defect between the active channel (a-IGZO thin film) and the dielectric material, 

a bulk defect in the active channel (as a Gaussian acceptor or increase the initial Gaussian 

donor) or a bulk defect in the dielectric. The transfer characteristics of the a-IGZO TFT under 

these different assumptions are numerically calculated using the SILVACO TCAD software. 

It was found the threshold voltage shift in a-IGZO TFTs does not depend on interface states 

but it does depends strongly on the density of the deep sub-gap defects fixed charges inside 

the gate insulator. 
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In solar thermal power (CSP) plants the incoming solar radiation is tracked by large 

mirror fields which concentrate the energy towards, generally, ceramic-metal absorber thin 

films deposited on steel, aluminium or copper substrates. Therefore the function of the 

selective absorber in a CSP solar collector is to transform the incident solar irradiation into 

heat while suppressing heat losses due to thermal radiations. These pivotal requirements of an 

effective solar absorber in terms of a maximum absorptance (α(λ))of the solar irradiation (in 

the wavelength range from 0.29 to 2.5 μm) and a minimum emittance (ε(λ)) in the thermal 

infrared spectrum (>2.5 μm) are met by applying a spectrally selective coating onto the 

absorber substrate material. For such, various configurations of the selective solar absorber 

thin films can be categorized into 6 distinct types: (i) intrinsic, (ii) semiconductor-metal 

tandems, (iii) multilayered absorbers, (iv) multi-dielectric composite coatings, (v) textured 

surfaces, and (vi) selectively solar-transmitting coating on a blackbody-like absorber. Intrinsic 

absorbers use a material having intrinsic properties that result in the desired spectral 

selectivity. This contribution reports on 2 novel types of selective absorber thin films; the first 

consists of oriented metallic nanocylinders embedded in electrically insulating host Alumina 

matrix while the second family is made of laser surface nano-structured and oxidized 

Chromium metallic surfaces. In both cases, the thin films behave as a ceramic-metal 

nanocomposites with a significant optical absorptance as in the standard selective solar 

absorbers.  
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In the first part of our work we study the effect of electrical and non-electrical 

boundary conditions on distribution of free carriers in a wide bandgap semiconductor 

ferroelectric thin film using a thermodynamic approach. We show that free carriers, namely 

holes and electrons from ionizable impurities or vacancies can accumulate near the film-

electrode interface if ferroelectric polarization profile has a very steep change near the 

interfaces that is specified by the extrapolation length. Such an outcome is just the opposite of 

what happens in a Schottky junction in a partially or fully depleted film. This is also an 

entirely different effect than what has been often studied in similar structures where the work 

function and screening length of the electrode metal determines the character of the interface. 

Even for low-to-moderate densities of ionizable defects with states within the bandgap close 

to the band edges, high densities of carriers can localize close to the electrodes in a single 

domain state ferroelectric film when above a critical thickness. For low densities of such 

ionizable defects, short extrapolation lengths cause electrical domain formation with minimal 

carrier accumulation. In the latter, no carrier accumulation occurs near the interfaces because 

of the already weak depolarizing fields. This is also true for films below a critical thickness 

with low-to-moderate densities of ionizable impurities, i. e. electrical domains get stabilized 

regardless of defect density. The implications of our findings for polarization controlled 

Schottky-to-Ohmic transition of an interface and experimental results are discussed. We 

conclude that, for low-to-moderate ionizable impurity densities, it is the rate of change of 

polarization at the interface with position rather than solely its presence that leads to carrier 

accumulation and that both interfaces can become Ohmic-like with opposite signs of carriers.  

In the second part, we analyze the effect of relaxation of misfit strains via the inhomogeneous 

strain fields of interfacial misfit dislocations on depletion charge formation, dielectric 

response and phase transition temperatures in submicron thick ferroelectric thin films. 

Understanding how the carriers due to impurities are distributed around imhomogeneities 

such as misfit dislocations is particularly important when considering leakage current 

mechanisms that are often a problem in ferroelectric thin film applications. We show that the 

different misfit strain relaxation states for films with various thicknesses have a direct impact 

on whether a ferroelectric film will be fully or partially depleted in the presence of ionized 

impurities. Implications of our results for experiments are discussed. "  
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In recent years, Plasma-Assisted Chemical Vapor Deposition (PACVD) has been 

identified as suitable technique to deposited hard coatings on tools of complex geometries. 

This study sheds light on the influence of the duty cycles on the surface residual stress of TiN 

coatings. A mixture of H2, N2, Ar and TiCl4 was used to deposit a thin film of TiN on H13 

steel. The residual stress of samples were studied using X-Ray Diffraction (XRD) and duty 

cycles gradient and were compared with microhardness conclusions. XRD analysis results 

indicate that TiN phase exist in the surface layer and exhibits a preferred orientation with 

(200) family planes. Residual stress value decreases with the decreases of duty cycle. 
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Co and CoxCr1-x thin films are deposited under vacuum onto Si (100) substrates, x 

being the cobalt proportion. The hysteresis loops in the longitudinal and the polar 

configurations are obtained by means of an Alternating Gradient Field Magnetometer 

(A.G.F.M.) at room temperature. The magnetic force microscopy technique is used to observe 

domain configurations, especially for the thickest films. The magnetic anisotropy of the films 

is investigated using Brillouin light scattering (B.L.S) and ferromagnetic resonance 

techniques. 

The thinnest films do not present any domain configuration whereas the thickest films 

exhibit clear stripe domains with a period sensibly equal to the film thickness. The magnetic 

anisotropy constants are computed using the static and the dynamic magnetic studies. The Ki 

values, issued from these techniques, are compared. These results and others are presented 

and discussed. 

 

Keywords: Thin films; hysteresis; magnetic anisotropy. 
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In this work, we prepared ZnO thin films doped with various concentrations of copper 

in the range of outlet (3, 5 and 10 %) on glass substrates by the Sol -Gel method from zinc 

acetate dissolved in a solution of ethanol. The objective of our work is to study the influence 

of doping with different concentrations on morphological, optical and electrical properties of 

ZnO thin films. For this, we used the atomic force microscopy (AFM) to determine the 

morphology of the surface of the ZnO thin films. The UV Visible spectroscopy for optical 

transmission and optical characterizations of the end technical Hall effect measured for the 

resistivity of the ZnO thin films. 

The AFM study revealed that the increase of the concentration of Cu causes the 

growth of the grain size; it passes from 26 nm to 64 nm for pure ZnO and doped ZnO 10 % 

Cu respectively. Optical measurements have shown that all the deposited layers exhibited a 

transmission which is higher than 85 % in the visible region as well as increasing the optical 

gap with increasing Cu concentration. The resistivity of the thin film decreases with 

increasing concentration of copper. 
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Composite coatings were prepared using hypophosphite reduced electroless nickel 

bath containing 10 g/L submicron WC particles and their composition and microstructure 

were observed by EDS (energy-dispersive analysis), SEM (scanning electron microscope) and 

XRD (X-ray diffraction). The effect of heat treatment on hardness and wear characteristics of 

Ni-P alloy and Ni-P-WC composite coatings were investigated. The experimental results 

show that the Ni-P-WC deposits have superior hardness and adhesive wear resistance, and 

heat-treatment of these coatings at 400 ˚C for 1 h could further increase the microhardness 

and wear resistance. 
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This paper reports the stress controlling in Fe-doped ZnO thin films deposited on gold 

coated glass substrates, using electrochemical deposition technique at room temperature for 

different concentration of Fe. X-ray diffraction (XRD), scanning electron microscopy (SEM), 

photoluminescence, and optical transmission were used to characterize the films. The effect of 

iron doping on structural, morphological, stress and optical properties of films was studied. 
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The effect of phosphorus contents on crystallization and tribological characteristics of 

Ni-P coatings was investigated in this study. For this aim, low, medium and high phosphorus 

coatings have been applied on AISI 1020 samples using three different solutions to apply 

different tests and analysis. DSC, SEM, EDS, XRD and microhardness tests have carried out. 

The crystallization temperatures of alloys with various phosphorus contents are examined by 

experiments under like conditions. It has been found that friction forces were decreased with 

increasing phosphor content. It has also been found that hardness and wear resistance were 

increased with decreasing phosphor content.    

 

Keywords: Electroless plating; Nickel-phosphorus; Phase transitions; Wear 
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In this study, the structural and optical properties of porous silicon (PS) and silver 

(Ag) deposited PS layers have been investigated. All samples were formed on lightly P-doped 

n-type silicon (100) wafers with 1-10 ohm.cm resistivity. PS samples were prepared by 

electrochemical etching method at a concentration of 10% hydrofluoric acid and ethanol in 

the volume ratio 1:3 by using a two-electrode configuration in a Teflon tank. The samples 

were obtained by varying the current densities (20, 40, 60, 80, 100 mA/cm
2
) and constant 

etching time of 15 min. A platinum wire was used as cathode and Si wafer as anode. All 

samples were illuminated from the backside of Si substrate with halogen lamb during etching 

process. After than Ag thin films were deposited on PS layers in order to enhance the 

luminescence properties of PS by using thermal evaporation in a vacuum of 1x10
-6

 torr. The 

thickness of the Ag thin films were selected 10, 50 and 100 nm, respectively. The structural 

properties of all the samples were studied by X-ray diffraction (XRD), scanning electron 

microscopy (SEM), energy dispersive X-ray (EDX) and Raman spectroscopy and the optical 

properties investigated by employing photo-luminescence (PL). SEM results show that pore 

size of PS layers increases as the current density increases while thickness of pore walls 

decreases. The photo-luminescence spectra of PS layers indicate that the peaks show blue 

shift with increasing current density. The observed PL intensities of Ag/PS samples were 

higher than PS samples. It was found that the structural and optical properties of PS strongly 

depend on etching parameters.  

 

Applications of Electrochemical and Electroless Depositions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Science and Applications of Thin Films, Conference & Exhibition (SATF 2014) 
Çeşme, Izmir, Turkey, September 15 to 19, 2014 

116 
 
 

 

PA006 

Electroless Deposition of Dense Pd Membranes on the Ultrasound-Assisted-

Activated Alumina Support for Hydrogen Separation 
 

Ting-Kan Tsai
1
, Y. F. Cheng

1
, J. K. Chen

1
, J. H. Li

1
 and J. S. Fang

1
 

 
1
National Formosa University, Materials Science and Engineering, Taiwan 

 

E-mail of Corresponding Author: dktsai@nfu.edu.tw 

 

Dense Pd membranes exhibited good H2/N2 permselectivity and excellent thermal 

stability were prepared by an ultrasound-assisted activation followed by electroless deposition 

of Pd on porous α-alumina support. The distributions and morphologies of Pd nuclei on the α-

alumina activated by conventional activation (c-Al2O3) and the α-alumina activated by 

ultrasound-assisted activation (u-Al2O3) have been investigated. The gas permeation 

measurement was carried out in a stainless-steel permeation cell under temperature ranges of 

623-773 K and transmembrane pressure ranges of 70-345 kPa. The Pd membrane on the u-

Al2O3 support was dense and more uniform than that on the c-Al2O3 support, and the H2/N2 

selectivity of the Pd/u-Al2O3 composite membrane with 3 μm-thick Pd membrane was higher 

than that of the Pd/c-Al2O3 composite membrane with Pd membrane of the same thickness. 

The H2/N2 selective fact approached to infinite was obtained when the thickness of Pd 

membrane in Pd/u-Al2O3 composite membrane was increased to 7 μm. Furthermore, the Pd/u-

Al2O3 composite membrane with 7 μm-thick Pd membrane have undergone a thermal stability 

test performed at 673 K and transmembrane pressure 276 kPa for 200 h without significant 

changes in hydrogen permeation flow. The ultrasound-assisted activation pretreatments 

improved the deposition of Pd membranes on porous α-alumina supports and enhanced the 

H2/N2 permselectivity and thermal stability of the Pd/Al2O3 composite membrane. 
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In the 21th century, necessity of the new materials increasing day by day. Among 

them, electro-chromic materials are used different devices, such as antiglare mirrors for cars, 

IR dedectors, photo-conductors, cholesterol biosensors i.e.  

 In these type materials, to maintain the optical performance of the working electrode the ion 

storage layer should be as transparent as possible. Generally this transparent part is thin film 

form because of its excellent properties. 

 There are many studies of electrochemical oxidation-reduction reactions and optical changes, 

but desirable electrochromism and long-term coloring is still problem. Hence, it was observed 

that some 50 to 100 papers were published annually. 

 There are many electrochromic thin film materials for the utilized electchromic devices, such 

as Prussian blue, WO3, NiO ve V2O5. In order to get the WO3 thin films, we know that many 

methods used by the scientists. Among various deposition techniques, chemical bath 

deposition (CBD) yields stable, uniform and hard films with good reproducibility by a 

relatively simple process. 

 In this study, we used chemical bath deposition (CBD) for synthesized WO3 thin films. After 

the deposition process, we invesitaged optical and electrochemical properties of these films. 

And also, we measured the thickness of these films and who analyzed all the results. 

 In the future, WO3 thin films increasingly attracted in the scientific and industrial range for 

developing the electrochromic device technology. As the decreasing the device price and 

increasing device performance, the modern society infinitely tend to this topic. 
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Polyaniline (PANI) has attracted considerable attention as candidate materials for 

several applications, such as sensors [1], corrosion protection [2], and electronic devices [3], 

due to its high stability, simplicity of synthesis, low cost and unique electrochemical 

properties. 

In the present work, Polyaniline (PANI) doped with sulfuric acid (H2SO4) and 

hydrochloric acid (HCl) were prepared by cyclic voltammetry (CV) method onto the quartz 

crystal microbalance QCM in different reaction conditions. The structure and the morphology 

of PANI samples (QCM coating) were characterized by Fourier transform infrared 

spectroscopy (FTIR), contact angle measurements and electrical conductivity using four 

probe. These structures can be used for gas detection.  
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Electroless Ni-P coating has been widely developed as a simple, low-cost and an easy 

technique. In spite of the desirable properties of the binary Ni-P coatings such as high 

corrosion and wear resistance, good ductility and surface uniformity, improvement in their 

structure and corrosion protection has been studied by many scientists. In the present 

research, the specific effects of ultrasonic irradiation and its direction on the final morphology 

of coated layer and its anticorrosive performance have been subjected. The resultant 

sonochemically electroless films on the mild steel have been also compared with the classical 

one which produced in the absence of ultrasound waves. The morphology of the final surfaces 

has been characterized and the chemical composition has been determined. The corrosion 

behavior for all samples has been studied by electrochemical techniques including the linear 

polarization resistance, Tafel extrapolation and electrochemical impedance spectroscopy. The 

results confirmed that the final characteristic of the fabricated surfaces was depended on two 

determining factors including the presence of ultrasonic waves during coating and the location 

of the plate with respect to the horn of ultrasonic apparatus. The analysis indicated that the 

Ni-P layer prepared by sonication has smoother surface with higher anticorrosive property in 

comparison with the classical one specially when the plate was situated in a perpendicular 

position with respect to the horn.    
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Since terahertz (THz) waves can pass through materials like clothing, plastic, wood, 

ceramic, leather and without any harm to the body [1]. It can be used for characterization, 

detection and 3D imaging of these materials. THz application area expands day by day such 

as high-speed wireless communications, medical imaging, security in airports and shopping 

centers and detection of chemical and biological materials [2]. Rapidly increasing applications 

of the electromagnetic waves (EM) in the under developed terahertz frequency (0.1-10 THz) 

range requires a well understandings of efficient terahertz wave detection. Today, there are 

several deficiencies in different types of bolometers that are used for detection of THz waves 

and they require very difficult and costly cryogenic spending [3, 4]. An intense, coherent and 

continuous electromagnetic wave source is obtained by High-Tc superconductor 

Bi2Sr2CaCu2O8+δ (Bi2212) single crystal. At the same time Bi2212 single crystal can detect 

THz waves in suitable conditions. In this study, single crystal of Bi2212 is cleaved to layer by 

layer by scotch tape until the necessary thickness is reached. Afterwards, it is pasted on a 

sapphire substrate and the scotch tape is etched with the aid of chloroform solution and 

ultrasonic cleaner. Then, the samples were annealed at 600
o
C for 1 hour in order to adjust the 

oxygen doping level. Later, it was deposited with 150 nm Au layer by thermal evaporation. 

Afterwards they were annealed again at 425
o
C for 30 minutes to decrease the contact 

resistivity. In the clean room process, our log-periodic antenna design was formed on the 

crystal by using e-beam lithography and Ar-ion beam etching step by step. For electrical 

characterization, four probe wires were connected to the two contact paths on the log-periodic 

antenna by silver epoxy. Finally, the temperature dependence of a-b axis resistivity (R-T) for 

Bi2212 single crystals were performed. 

 

*This research is partially supported by SANTEZ project number 1386.STZ.2012-1. 
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In this work, the effect of Cu doping on physical properties of ZnO thin films prepared 

by spray pyrolysis technique under various deposition conditions have been studied. 

The concentration of Cu as a dopant has been found to be the most important parameter in the 

preparation of the ZnO:Cu films. The ZnO films were deposited on glass substrates using the 

spray pyrolysis method. The minimum resistivity obtained for ZnO:Cu films was about 0.144. 
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In this work we present ZnO thin films prepared using different sol-gel method, 

structural, and electrical characterization, and finally humidity sensing test. ZnO sol was 

prepared using zinc acetate, 2-Methoxyethanol and monoethanolamine (MEA). Two different 

routes were used for the deposition of ZnO thin films; spin coating and dip coating on glass 

substrate. The crystal structure of the ZnO nanostructure have been characterized by X-ray 

diffraction. Surface morphology was investigated using scanning electron microscopy. 

Sensing humidity test exhibits better sensitivity for sensor prepared with film deposited using 

dip coating.  
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Bulk Se90Te10-yCuy (for y=0, 0.5, 1.5 and 3.0 at %) chalcogenide glasses have been 

prepared by conventional melt quenching technique. Thin films of Se90Te10-yCuy composition 

were deposited using thermal evaporation technique. As-prepared films were amorphous as 

studied by X-ray diffraction. The effect of the addition of Cu content on the glass transition 

and crystallization kinetics of amorphous Se90Te10 has been studied. Increasing Cu content at 

the expense of Se90Te10-yCuy composition is found to affect the refractive index and the 

extinction coefficient of these films. 
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The sensors remain until now the most used devices in several areas, mainly capacitive 

pressure sensor, which has the advantage of very low thermal drift. In the design of these 

devices, materials other than silicon, are considered such as the silicon carbide-type 6H-SiC, 

especially in the case where the silicon is not entirely appropriate. The materials used in the 

membrane manufacture has an important role on the characteristics and the performances of 

these devices. 

In this study, a simulation of the thermo mechanical behavior of capacitive pressure 

sensor has been carried out using multi physics COMSOL software. Analyses of the sensor 

response C (P, T), pressure sensitivity Sp (P) and temperature Tc (T) have been investigated. 

The results were in good agreement with those reported in the literature. A further study 

related to the influence of the constituting device materials was performed. Different types of 

materials were used for the design of the same features.  

The obtained results showed that the silicon carbide type 6H-SiC sensor membrane 

was five times stronger than polysilicon one, which may reach a maximum pressure of 2.5 

bar, gives a wider linear range up to 2 bar, has a high pressure sensitivity of 0.38 pF/bar and a 

low thermal drift of 23.73 ppm /°C. Therefore, the use of the silicon carbide type 6H-SiC as a 

sensor membrane material, contributes well to the improvement of sensor performances.  
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Silicon carbon nitride (SiCN) is known as an insulator with a high dielectric constant 

of approximately seven. Further, SiCN films exhibit high transparency, high hardness, and 

superior wear resistance. SiCN films have been used in various applications as isolators, 

dielectrics, etch-stop layers, passivation layers, and optical coatings for various electronic and 

optoelectronic devices. Furthermore, they have enhanced properties such as increased high 

gas-barrier values. Therefore, SiCN films are considered to be very useful in electronic and 

optoelectronic device applications as well as weather-resistant coating films. In this work, 

SiCN films were deposited on Si (100) by hot-wire (HW) chemical vapor deposition method 

using hexamethyldisilazane, a non-explosive organic liquid source. Then, metal–insulator–

semiconductor structures were formed by Al evaporation. Next, we evaluated the 

capacitance–voltage (C–V) characteristics. We performed ammonia radical treatments on the 

Si (100) before the deposition of the SiCN film. The ammonia radicals were generated by the 

HW method. We found that the ammonia radical treatment could yield a small flat-band 

voltage shift of the C–V curves. Moreover, we examined the C–V characteristics by changing 

the substrate temperature during the deposition of the SiCN film. As a result, when the SiCN 

film was deposited at 200°C, we obtained low fixed-charge and low interface state densities. 
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Carbon black and graphite based conductive polymer composites (CPCs) were 

produced successfully. CPCs were obtained by performing carbon and graphite additives in 

different contents into nonconductive polymers. The produced composites were characterized 

to demonstrate their structures through XRD, XPS, FT-IR, DTA-TG, SEM and electrical 

properties were investigated. High electrical resistance of the polymers was reduced to the 

levels of metal with the help of these additives. The conductivity provided with carbon black 

and graphite additives was determined 13 and 15 percent by weight, respectively. On the 

other hand, when carbon black and graphite additives were used within the same structure, the 

composites showed synergistic effect by showing higher conductivity with the contribution 

rate dropped more than half. 
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A new gas sensitive material was introduced. LiFe0.99Ni0.01PO4 was synthesized using 

hydro-thermal methods by one step, and the as prepared products were subsequently utilized 

in self assembled optical waveguide gases testing apparatus and WS-30A electro-chemical 

gas sensing apparatus for xylene detection. A glass optical waveguide gas sensor was 

fabricated by spin-coating a LiFe0.99Ni0.01PO4 thin film on the surface of single - mode tin-

diffused glass Optical Waveguide. The sensing elements for electro- chemical gas sensor were 

made by dip-coating a LiFe0.99Ni0.01PO4 thin film on the surface of an alumina ceramic tube, 

assembled with platinum wire. The experimental results indicated that, at room temperature, 

LiFe0.99Ni0.01PO4 thin film/tin- diffused optical waveguide sensing element exhibited higher 

response to xylene in the range of 0.1ppm to 100ppm; LiFe0.99Ni0.01PO4 sensing film shows a 

small response (resistance change) to 100ppm of xylene, as measured by WS-30A electro-

chemical gases sensing apparatus. After the Ni doping, LiFePO4 thin film OWG sensor’s gas 

sensitivity was improved.  
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There is a huge demand in advanced materials enhanced with high technology. These 

materials have recently been of increasing interest to both the academic and the industrial 

research and application areas such as automobile, medical and health care. It is desirable to 

produce such textile materials with especially designed surface features to meet various needs. 

Textile products can be evaluated or functionalized by using metal thin film coated fibers. In 

order to modify textile materials Physical Vapor Deposition (PVD) has been widely used. For 

this aim, magnetron sputter coating can be used which is one of the most commonly used 

techniques in PVD. In this study to reach our aim, we used cylindrical magnetron sputtering 

with some modifications. In conventional magnetron sputtering system, substrates are planar 

and flat, so sputtering cathode and target are planar [1]. Ring shaped cathode and target are 

used to coat fibers as substrates in cylindrical magnetron sputtering system. In our design, we 

used three %99.99 pure silver targets to coat PP and PA fibers as substrates in our inward 

cylindrical magnetron sputtering system. Fibers whose diameters are in the range 60-150 µm 

pass through targets from a feeding bobbin to winding bobbin. Fibers moves through the 

targets 10 times circling at a constant rate by a rotator, and thus would be coated 

homogeneously. After evacuated the chamber to low vacuum, which is about 10-5 torr, Ar 

gass were flow into the chamber using mass flow controller. Power applied to each silver 

targets for the formation of plasma in the vacuum chamber by DC power supplies. The 

surfaces of synthetic fibers, such as PP and PA, coated with electrical conductor. In this study, 

silver is used because it has the highest electrical conductivity in metals and additionally it 

has antibacterial properties [2]. Textile fibers were coated in nanometer thickness and 

electrical conductivity is aimed to increase. These fibers weaved into fabrics in order to 

investigate antistatic and antibacterial properties. For characterization optical microscope and 

SEM images were taken. Besides, XRD, electrical results, mechanical strength tests were 

done. In order to determine optimum film thickness, by using three different methods coating 

thicknesses were investigated and results compared. Resistances of Ag on fibers were found 

and film thickness calculated from bulk Ag resistivity. The thickness was also calculated from 

deposited mass of silver. The both results were compared with independent thickness 

measurement on a glass substrate with a surface profilometer. The analysis of data 

commented surface scattering effect. When these fibers were weaved to become fabric due to 

these properties, fabrics will take place of technical textiles. Besides, the obtained fabrics 

have potentials to be used for electromagnetic shielding, radar absorbing materials and 

infrared camouflage.  
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In order to achieve the fabrication of microwave absorbing material, it is important to 

have ability to make materials with well-controlled properties such as shape, thickness, 

permittivity and permeability values. Good optimisation codes are required in order to 

achieve the best possible absorber design [1]. To achieve the maximum absoption, we 

calculated the optimum values of complex permittivity (ε = ε - ε ) and permeability (μ= µ -µ ) 

theoretically with using transmission line theory [2]. In this study, in order to improve the 

electromagnetic absorbing properties of epoxy resin structure composites, we devised multi 

layer materials with using carbonyl iron mikro particles and thin film coated resistive sheets. 

To reach some certain values, for example thickness between resistive sheets or permittivity 

and permeability values, we modelled Labview program by using transmission line theory 

and run it to reach required parameters. For resistive sheets, we used planar magnetron 

sputtering system and coated thin film on the surface of the glass fiber fabrics. We 

characterized the resistance of these sheets. After designed our glass fiber reinforced epoxy 

composite structure, we manifactured it by using Hand-Lay up compression technique. We 

aimed the thickness of the material about between 0.5 and 0.8 cm. Also we added carbonyl 

iron powder in epoxy resin to change permittivity and permeability values of composites. We 

manufactured five different epoxy resin composite structures. Third of them has carbonyl iron 

additives with different concentrations. Additionally, we have one reference structure, which 

we did not add any resistive sheet or reinforced carbonyl iron. And the last one has only 4 

resistive sheet only. Mechanical tests were done such as tensile, compression, charpy impact 

etc. Furthermore, absorbtion properties of the composite structures were measured between 1-

20 GHz by using horn antennas.  
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To make new smart materials or develope instruments especially for LCDs, LEDs, OLEDs, 

photovoltaics, heat reflecting mirrors and optical sensors we have needed Transparent 

Conducting Oxides (TCOs) [1]. One of them, ITO, is just the right thing because of its low 

resistivity (~ 104Ωcm) conversely high transparency (%90) even in infrared region. In this 

work ITO is deposited in a Large Area Magnetron Sputtering System [2]. Main quality of this 

system is that thickness, transparency and resistivity values could be decreased or increased 

optionally before deposition accurately. Another adventageous situation of this method can be 

defined as applications on both glass and polymer (policarbonate, poliethylene…) substrates. 

It is certainly known that annealing (made by ovens after deposition) glass surface makes the 

substrates highly oriented meaning more surface energy which leads better conductivity[3]. 

For characterization XRD analysis also is used to understand which planes (a kind of thin 

film) can be growth on tha substrate. Up to now, (222), (400), (440) are observed signing 

cubic forms. Chemical states are examined by XPS studies to determine the structure of 

surface layer. Electrical character of the film is defined by Four Point Probe method. After all, 

thickness is determined in clean room conditions with a help of profilometer.  
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Transparent conducting oxides (TCOs) have wide range of application areas in 

industry and science [1]. Indium tin oxide (ITO) thin film is one of the most commonly used 

materials among the TCO thin films due to its relatively low resistivity and high optical 

transmittance in the visible region of the em spectrum due to its large bandgap of about 3.70 

eV. Large area coating magnetron sputtering system is the commonly used and advantageous 

thin film growth method for the deposition the ITO thin films [2]. In our study, we used high 

vacuum-based large area magnetron sputtering system. Thermal heating is generally used for 

the annealing of TCOs to get high quality films [3]. As an alternative, a recent study indicated 

that self-heating by electric current shows promise in improving the efficiency of the heat 

treatment process [4,5,6]. Electro-annealing was performed at 0.5, 0.75 and 1.0 A and 1.25 

and 1.5 A constant currents in air and vacuum ambient during 10 minutes. When an electric 

current is passing through ITO film, due to the Joule heating the film temperature will 

increase. Sample temperature increased during 10 minutes, then slowly decrease to the room 

temperature within 20 and 40 minutes without annealing currents. The structural 

characterization of the ITO films was carried out by an x-ray diffractometer (XRD) with 

CuKα radiation. The surface composition of ITO films was characterized by X-ray 

photoelectron spectroscopy (XPS). The optical properties of the ITO thin films were 

measured by a spectrophotometer in the 200–2600 nm wavelength range. The thicknesses of 

the films were measured by a surface profilometer. Sheet resistance (Rs) of as grown and 

electro-annealed ITO films in air and vacuum were measured by four-point probe method. 

 

[1] C. W. Tang and S. A. Vanslyke, Appl. Phys. Lett., 51 913 (1987) 

[2] O.Tuna, Y. Selamet, G. Aygun, L. Ozyuzer, Journal of Physics D: Applied Physics, 43 

055402 (2010) 

[3] L Kerkache, A Layadi, E Dogheche and D Remiens, J. Phys. D: Appl. Phys., 39 184-189 

(2006)  

[4] N. Rogozin et al., Appl. Phys. Lett., 89 061908 (2006) 

[5] Y. Pei et al., Surface Review and Lett., 16 887-893 (2009)  

[6] L. Dong-Ho et al., Applied Surface Science, 254 4650-4654 (2008) 
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Aluminum alloys such as Al 5083 have primary potential for lightweight structural 

application in automotive and aerospace industries. This paper addresses the mechanical and 

tribological properties and corrosion resistance of chromium nitride coatings deposited on Al 

5083 that can be used for development of applications of aluminum 5083 alloy. The CrN 

coatings of 1 µm thickness were deposited by DC reactive magnetron sputtering technique on 

the Aluminum 5083 wafers at different substrate temperatures (RT and 200 °C) and bias 

voltages (-200 and -400 V). A FESEM instrument was used for study of chemical 

composition, and cross-section and surface imaging. The surface physical morphology of 

samples was also investigated by an atomic force microscope. The mechanical and 

tribological properties of the films were measured by nano-indentation and scratch tests, 

respectively. The electrochemical behavior and corrosion resistance of the samples were 

examined in NaCl (3.5 %) solution using potentiodynamic method. The results showed that 

chromium nitride coatings caused improvement of Al 5083 properties. The results also 

showed the best mechanical and tribological properties and corrosion resistance for deposited 

coating at room temperature and -400 V bias substrate voltage. The morphological studies 

demonstrated that these behaviors were due to the smooth surface with compact and small 

grains.  
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In this study, the wear properties of laser cladded low carbon steel layers coated with 

zirconium diboride nanoparticles were investigated. Mechanochemicaly synthesized ZrB2 

nanoparticles and two step laser cladding methods were used for a coating materials and 

coating method. At first step, ZrB2 nanoparticles were mixed with phenolic resin and 

preplaced on the surface of low carbon steel St52. After that, precoated samples were vacuum 

dried at 25 mbar at 200 
o
C for 4 hours. At the second step, CO2 laser operated at different 

laser power were melted the surfaces. The microstructure and phase content of coated layers 

were characterized with optic microscobe, XRD and SEM. When laser coated surfaces were 

examined, crack free and homogen coating layer were observed at 160-200 W laser power 

while microcrack and porosity were observed on the surface of steel at 75 and 125 W laser 

power. The wear behaviors of coated layers were investigated by ball-on-disc test and 

microhardness of layers were determined also. After that, the strength of coated layers were 

determined via micro scratch. Finally, the coated layers were cut with important advanced 

cutting methods like abrasive water jut, wire erosion, laser and abrasive cutting disk and the 

effect of these methods on the coated layers were investigated. Results show that the abrasive 

cutting methods were the best method. 
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In this research, the wear behavior of composite layers obtained by laser cladding of 

Co2B nanoparticles on the surface of low carbon steel were studied. Co2B nanoparticles used 

as a coating powder was mechanochemically synthesized via planetary ball mill. Two step 

laser cladding method was used as coating method. At first step, Co2B nanoparticles were 

mixed with a phonelic resin and precoated on the surface of low carbon steel surface 

(S235JRC). Then, the surface of S235JRC low carbon steel were irradiated with CO2 laser at 

different laser power. The wear properties of coated layers were investigated by ball-on-disc 

wear test and scratch test. Results showed that, alloyed surface had good metallurgical 

bonding and consist of FeN0,0760, Fe15,1C, FeCo and B2C5N2 phases. Hardness of the 

coated layers were increased from 200 HV to 680 HV due to the presence of hard phases. The 

wear resistance of the layers were improved significantly at 174 W and 220 W laser power 

irradiation. After that laser cladded samples were cut with laser, wire erosion, abrasive water 

jet and abrasive disc methods and effect of the these operations on the coatings were 

investigated. It was observed that the most suitable cutting method for coated materials is the 

abrasive disc cutting in the tests. 
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The present investigation is a comparative study of the processes at sintering of iron 

powders alloyed with carbon via two different methods; coating of the powder particles with a 

hydrocarbon layer (a new prospective method for the introduction of carbon into the green 

powder) and premixed with graphite iron powders (the classical approach). The influence of 

the way of alloying on; the sintering kinetics, the sinter' microstructure and the mechanical 

properties, are studied. 
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Thermal oxidation (TO) of shipbuilding details and products is one of the modern 

methods of creation of protective coatings on the surface of titanium alloys. From TO it is 

possible to obtain protective coatings with anti-corrosive properties (protection from galvanic 

corrosion of the alloys in contact in sea water with titanium) and wear resistance. 

Nevertheless, thermal oxidation has several major drawbacks: high energy consumption, 

labor-intensity and the duration of the process, as well as lack of restoration of the coatings on 

the details, which already were in operation. In view of these shortcomings of TO and 

increasing the quality requirements of the surface layer, the new technological processes are 

developed which are based on the latest achievements of science and technology. One of the 

most effective alternative methods of application of protective coatings on the surface of the 

items ship fittings and tools made of titani¬um alloys is plasma electrolytic oxidation (PEO). 

The main objective of this research is to restore the protective properties of the coating on 

titanium alloys by PEO. 

With using of frameworks and approaches of the plasma electrolytic oxidation were 

chosen modes of formation of PEO-layers on the surface of products subjected to thermal 

oxidation. 

Quality of protective properties of surface layers which were formed by PEO on the 

surfaces that were in operation was evaluated by electrochemical parameters and tribological 

properties. Analysis of the results of potentiodynamic polarization, electrochemical 

impedance spectroscopy and tribological tests allowed establish restoration of protective 

properties of the coatings on parts, which were processed by PEO. Moreover, for the restored 

protective layers observed ennoblement of free corrosion potential Ec, increase of corrosion 

resistance Rc, reducing of corrosion currents Ic and reduced friction coefficient μ as 

compared to thermally formed surface. 

Thus, the plasma electrolytic oxidation method is suitable not only for the formation of 

protective layers on the surface of pure metals and alloys, but also to restore the coatings on 

articles that were in operation, which significantly reduces costs compared with the 

manufacture of new, often unique details. 

 
This work was financially supported by the Complex Program of Fundamental Research, Far Eastern Branch of 

the Russian Academy of Sciences ''Far East'' (6.6, 6.64) and the Ministry of Education and Science of the 

Russian Federation (contract № 02.G25.31.0035-225 of 12.02.2013). 
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In the following research, adherent, compact and bright Ni-Mo alloy coating has been 

electrodeposited on pretreated steel substrates from tri-sodium citrate solution at different 

values of molar ratio Ni:Mo. The coatings deposited were uniform and adherent to the 

substrates. Potentiodynamique polarization curve shows that the deposited coatings 

significantly improve the corrosion resistance of the steel in both 0.6 M NaCl and 0.1 M HCl 

solutions. The optimal depositing condition is suggested in the given system. X-ray 

diffraction (XRD) studies of the Ni-Mo coatings indicated that they had a tow phases (MoNi4 

and Ni3Mo) crystallites of nickel and molybdenum. The microhardness and wear resistance of 

the composite coatings are higher than the steel substrate and increase with the addition of 

organic inhibitor in the electroplating bath. 

 

Key words: Nickel; Molybdenum; Potentiodynamique polarization; Ni-Mo coatings; Organic 

inhibitor. 
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The coating baths with the addition of aluminum, provides significant improvements 

on the structural properties of the TRD coatings. In the present study, Al addition in the NbN 

coating bath was applied. In the process, pre-nitrided AISI M2 steel subjected to NbN coating 

treatment by the thermo-reactive deposition technique in a powder mixture consisting of 

ferro-niobium, ammonium chloride and alumina with/without aluminum at 1000°C for 1–4 h. 

The coated samples were characterized by X-ray diffraction analysis, scanning electron 

microscope, raman spectroscopy, Rockwell-C adhesion test, atomic force microscope and 

micro-hardness tests. Nb-Al-N layers formed on the pre-nitrided AISI M2 steel were compact 

and homogeneous. X-ray diffraction analysis showed that the phases formed on the steel 

surfaces are Nb2CN, NbN0.95, Fe2W2C, AlN, Fe3Mo3N and Fe3C. The depth of the Nb-Al-N 

layer ranged from 5.18 μm to 8.64 μm, depending on treatment time. The higher the treatment 

time the thicker the Nb-Al-N layer observed. The hardness of the Nb-Al-N layer was 

changing between 2136.88 ± 94.61 HK0.005 and 2445.88 ±140.71 HK0.005 according to Al 

content in the coating bath. The adhesion quality of the coated samples decreases with 

increase in Al content in the coating bath. 

 

Keywords: Nb-Al-N coating, Thermo Reactive Deposition, Hardness, Phase Analysis, 

Adhesion. 
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Properties of thin films of titanium aluminium nitride (TiAlON) deposited on tungsten carbide 

substrate (WC-Co) by Magnetron Sputter Ion Plating (MSIP), phase formation, phase 

transition, hardness and film structure are affected by the percentage of oxygen reactive gas. 

In this work the properties of layers deposited at constant total vacuum pressure 10-2 mbar 

and constant percentage of nitrogen reactive gas fixed at 20 % and O2 reactive gas ranging 

from 1 to 5% were studied. The results show that the maximum hardness of the layer of 

TiAlON was 32 Gpa. The investigations were carried out using, X-ray diffraction (XRD), 

Calotte measurement, nanoindentation, optical scanning microscope (OSM) and tribometer. 

 

 

 

 

Metallurgical Coatings 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Science and Applications of Thin Films, Conference & Exhibition (SATF 2014) 
Çeşme, Izmir, Turkey, September 15 to 19, 2014 

140 
 
 

 

PA030 

A Novel Device Configuration Based on Multilayer a-SiC - Metal – a-SiC 

for Energetic and Photonic Applications 
 

Aissa KEFFOUS
1,2

 

 
1
CRTSE, CMSI, Algeria 

2
Physics 

 

E-mail of Corresponding Author: keffousa@yahoo.fr 

 

 In present work, SiC multilayer samples for energetic applications were successively 

prepared by alternating metal (Al, In, Pd,…) and amorphous silicon carbide (a-SiC) 

elaborated by thermal evaporation for the first one and by DC magnetron sputtering for the 

second one. Effect of thickness and nature of the metal on the optical, structural and electrical 

properties were investigated using secondary ion mass spectrometry (SIMS), 

photoluminescence (PL), UV-visible-NIR, Raman spectroscopy, infrared spectroscopy 

(FTIR) and electrical conductivity.  
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Structural, morphological, optical and electrical properties of Sb-doped CuInS2 thin 

films grown in particular conditions by the single source thermal evaporation on patterned Si 

and glass substrates using Glancing Angle Deposition (GLAD) have been studied. During 

depositions, the substrates was maintained at room temperature. Due to the shadowing effect, 

the GLAD technique can produce nano-rods tilted toward the incident deposition flux when 

the evaporated atoms arrive at the growing interface at a fixed angle θ measured from the 

substrate normal with stationary substrate. Continuous azimuthal substrate rotational speed 

fixed at 0.033 rev s
-1

 leads to the formation of vertical nanorods, which broaden 

anisotropically during subsequent growth with a stationary substrate. The refractive index, 

absorption coefficient, optical band gap, Urbach energy and birefringence, determined from 

optical transmittance and reflectance measurements, are also influenced by the orientation of 

the nano-columns. The four-point probe method was employed for measuring the resistivity 

for the obtained normal and tilted nano-rods. X-ray diffraction spectra indicated that all the 

deposited Sb-doped CuInS2 films are amorphous for higher incident angle θ. 

The present paper is devoted to nano-engineer Sb-doped CuInS2 thin films by vacuum 

thermal method on to glass and Si substrates using the technique of glancing angle deposition, 

employing substrate motion during deposition with the vapor flux arriving at an oblique angle 

from the substrate normal. 
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Eu3+- doping has been of interest to improve the luminescent characteristics of thin-

film phosphors. Y2O2S: Eu3+ films have been grown on Si (100) substrates by using a pulsed 

laser deposition technique. The thin films grown under different oxygen deposition pressure 

conditions have been characterized using structural and luminescent measurements. The 

photoluminescence measurement indicate red emission of Eu
3+

 doped Y2O2S thin films 

appearing near 619 nm assigned to the 5D0-7F2 transition of Eu
3+

. Oxygen pressure not only 

made the cubic crystalline phase more dominant compared to the monoclinic phase but also 

improved the grain size and surface roughness. The crystalline phases of Y2O3S:Eu
3+

 films 

depended very much on the oxygen pressure and affected the morphology of the films. At 140 
mTorr, the monoclinic phase for the Eu

3+- 
doped Y2O2S films was almost not present. This 

phosphor may be of good promise for application in the flat panel displays. 

 

Keywords: Thin film, Phosphor, Y2O2S:Eu
3+

, PLD, XRD, PL, FED  
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The undoped ZnO and the Cr-doped ZnO nanomaterials were prepared by the sol–gel 

method. The sol was synthesized from zincacetate dihydrate (Zn(CH3COO)2.2H2O) and 

Chromium(III) chloride hexahydrate (CrCl3.6H2O) dissolved in Methanol (CH3OH) at room 

temperature. The gel was obtained at 60 °C for 2 h. Thin films were prepared by sol–gel spin 

coating method. The effects of Cr incorporation for various atomic ratios of 0%at, 0.1%at, 

0.5%at,1%at , 2%at.   and 5%at. on the morphological and optical properties of the Zinc oxide 

(ZnO) film were investigated. The ZnO samples were characterized by atomic force 

microscopy (AFM) and UV-VIS-NIR spectrophotometer. The thickness and surface 

morphology of thin films were investigated by atomic force microscopy (AFM). Atomic force 

microscopy results indicate that the Cr doped ZnO films have the nanostructure. The 

influence of the Cr doping on the film growth is resulted in a change of grain size. The optical 

band gap of the films was calculated by optical absorption method. The optical band gap of 

the ZnO films was significantly changed by Cr dopant. The obtained results indicate that the 

morphological and optical properties of ZnO films can be controlled with Cr doping. 
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As one of the transparent conducting oxide thin films, ZnO thin film shows a versatile 

combination of interesting optical, electrical, and magnetic properties and plays a role in 

various technological domains such as solar cells, thin film gas sensors, varistors , spintronic 

devices , photodetectors, surface acoustic wave devices and light emitting diodes. Because of 

its potential applications,  ZnO thin films have been studied most widely and deeply during 

the last years. On the other hand, it is believed that the doping in ZnO thin films can improve 

crystalline quality or optical, electrical or ferromagnetic properties.  (Mn and Ni) doped ZnO 

nanocrystals were synthesized by sol-gel method. Three different solutions were prepared 

using zinc acetate dehydrate, manganese (II) acetate tetra hydrate (CH3COO)2Mn.4H2O) and 

nickel (II) acetate tetrahydrate (Ni(OCOCH3)2.4H2O) as a starting material. The solutions 

were  stirred for different ratios (9.5:0.25:0.25/9:0.5:0.5/8.5:0.75:0.75/8:1:1 ) of Zn:Ni:Mn. 

The thin films were deposited on glass substrates via spin coating method. The optical 

properties and morphologies of the deposited undoped and doped ZnO thin films were 

investigated.  Atomic force microscopy (AFM) and UV-VIS-NIR spectroscopy were used to 

examine the morphology and microstructure of the thin films. Optical properties of the thin 

films were determined by UV/VIS spectroscopy. The analyzed results indicate that the 

obtained nanofiber thin films are of good crystal quality and have smooth surfaces. 

 

 

Keywords : Nanofibers, Thin film,  Mn and Ni co-doped ZnO, Sol-gel method 
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We have produced hydrogenated nanocrystalline silicon suboxide (nc-SiOx:H; x<1) 

thin films in a radio frequency plasma enchanced chemical vapor deposition (RF-PECVD) 

system, with highly H2 diluted gas mixture of SiH4 and CO2. The substrate temperature, 

chamber pressure and RF power density were kept constant as 150 
o
C, 1.9 Torr and 62 

mW/cm
2
 We scanned two different dilution ratios: 95% and 99%, at constant hydrogen flow 

of 100 sccm. The oxygen content of the samples were changed by varying the flow rate of 

CO2 to SiH4, from 0.2 to 5. The thin films were deposited on corning 1737F glass and single 

crystalline silicon substrates. For structural characterization we have performed Raman 

scattering measurements. We have also done optical transmission, temperature dependent 

dark conductivity and constant photocurrent method (CPM) measurements. The dark 

conductivity activation energies were found to vary between 0.95 and 1.2 eV. The band gap 

of the samples was found to be increasing from 2.07 to 2.2eV, with increasing CO2 flow ratio.  

 

Nanostructured Growth 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Science and Applications of Thin Films, Conference & Exhibition (SATF 2014) 
Çeşme, Izmir, Turkey, September 15 to 19, 2014 

146 
 
 

 

PA036 

Formation of Anatase TiO2 Films with a Porous Structure and Enhanced 

Photoactivity by the Synergy of WO3 and Sodium 
 

Giin-Shan Chen
1
 and J. L. Kuo

1
 

 
1
Feng Chia Univ., Materials Science and Eng., Taiwan 

 

E-mail of Corresponding Author: gschen@fcu.edu.tw 

 

Sodalime sheet glass is commonly used in industry and architecture. Its coating with a 

TiO2 thin film yields photocatalysis, acting for various applications such as anti-fogging and 

self-cleaning. However, upon thermal annealing, sodium from glass is readily to diffuse into 

the TiO2 films, and acts as (a) a recombination center that eliminates the photon-generated 

electron-hole pairs or (b) a retarding force that inhibits the formation of the catalysis-favoring 

anatase phase. To prevent the uptake of sodium from sodalime sheet glass poisoning 

photoactivity, sodalime sheet glass is commonly pre-coated with an SiO2 barrier layer to 

block the sodium diffusion into the TiO2 films during thermal annealing. 

The vast majority of studies use hydrothermal synthesis, dip coating, or 

microemulsion to couple tungsten species into TiO2 particles or films. The coupled tungsten 

species could play a role to stabilize anatase, enhance surface acidity, or modify the band 

structure, all markedly increasing photoactivity. However, the interplay between the coupled 

WO3 and the glass’s sodium in altering the film’s microstructures is rarely examined. Herein, 

TiO2 thin films with various amounts of WO3 additions were deposited on sodalime sheet 

glass by magnetron co-sputtering of Ti and W targets using Ar/O2 glow discharge. Change of 

microstructures after annealing was examined, compared with a reference using identical 

films coated on sodium-free sheet glass. Rutherford backscattering spectroscopy and depth-

profiling XPS analysis revealed that the amount of the incorporated WO3, along with sodium 

in glass, is critical to alter surface morphologies and microstructures of the films after 

annealing. In contrast to what is generally though that sodium contaminates TiO2, sodium 

from within glass draws out the incorporated WO3 and retards grain growth of TiO2, 

ultimately forming an anatase-based film with a porous structure and enhanced photoactivity. 
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 Studies of nanomaterials containing small nano-sized magnetic particles, grains or 

magnetic impurities in non-magnetic matrix attracted great attention owing to a number of 

interesting properties, such as giant magnetoresistance (GMR) effect or Kondo effect [1-2]. 

GMR effect in granular materials has been attributed to spin-dependent scattering of 

conduction electrons within the magnetic granules as well as at the interfaces between 

magnetic and nonmagnetic regions [1]. If the size magnetic grains is small the scattering of 

conduction electrons in a metal due to magnetic impurities give rise to a Kondo effect related 

to the resonant scattering of conductive electrons by quantum local centers [2].  

Studies of glass-coated ferromagnetic microwires exhibiting excellent soft magnetic 

properties such as magnetic bistability, excellent magnetic softness and giant magneto-

impedance, GMI, effect attracted considerable attention [3]. Such microwires are produced by 

so-called Taylor- Ulitovski technique [3] allowing fabrication of glass-coated metallic 

microwires (typical metallic nucleus diameters 1 - 30 mkm, the thickness of the glass coating 

0,5 - 20 mkm).  

Main advantages of this technique are high quenching rate, homogeneous geometry of 

metallic nucleus and glass coating and almost continuous process allowing fabrication of km 

long wires. Consequently preparation of microwires with amorphous, nanocrystalline, 

microcrystalline or granular structure of metallic nucleus is reported [3].  

We report on magnetic, transport and structural properties of Cox-Cu100-x (5≤x≤30) glass-

coated microwires. For x=5 we observed the resistivity minimum at 40 K associated with the 

Kondo effect. For x ≥ 10 we observed considerable magnetoresistance effect. Temperature 

dependence of susceptibility show considerable difference for x>10 and x≤ 10 attributed to 

the presence of small Co grains embedded in the Cu matrix for x≥ 10. By X-ray diffraction 

we found, that the structure of Cox-Cu100-x microwires x ≥ 10 is granular consisting of two 

phases: fcc Cu appearing in all the samples and fcc α-Co presented only in microwires with 

higher Co content.  

 
[1] A.E. Berkowitz, J.R. Mitchell, M.J. Carey, A.P. Young, S. Zhang, F.E. Spada, F.T. Parker, A. Hutten, G. 

Thomas, Phys.Rev.Lett, 68 (1992) 3745-3748. 

[2] A. Kawabata, J. Phys. Soc. Jpn. 43 (1977) 1491-1496. 

[3] A. Zhukov and V. Zhukova, ""Magnetic properties and applications of ferromagnetic microwires with 

amorphous and nanocrystalline structure"", Nova Science Publishers, Inc. 400 Oser Avenue, Suite 1600 

Hauppauge, NY 11788, 162 p. 2009, ISBN: 978-1-60741-770- 
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Thin films of ZnO at different Sn doping concentration have been synthesized by a 

new facile sol-gel route using the spin coating method. The sol was synthesized from 

Zincacetate dihydrate and Tin (II) chloride dihydrate dissolved in 2-metoxyethanol. The 

structure of thin films were investigated by means of X-ray diffraction (X-ray), atomic force 

microscopy (AFM) and UV-VIS-NIR spectrophotometer. The X-ray results reveal that all 

films are polycrystalline with a hexagonal wurtzite structure with a preferential orientation 

according to the direction (002) plan. The thickness and surface morphology of thin films 

were investigated by atomic force microscopy (AFM). Atomic force microscopy results 

indicate that the Sn doped ZnO films have the nanostructure. The influence of the Sn doping 

on the film growth is resulted in a change of grain size. The optical energy gap changed range 

from 3.218 to 3.272 eV with an increase in the concentration of Sn - doping. The obtained 

results indicate that these new simple low-cost approach should promise us a future large-

scale growth of metal oxides nanostructures for potential applications in optoelectronics. 

 

Keywords: Sn doped ZnO nanoparticles, sol-gel, thin films, microstructure, optical properties 
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Whereas considerable interest exists in self-assembly of well-ordered, porous inverse 

opal (IO) 2D transition metal oxides (TMOs) films for optical, electronic and biochemical 

applications, uncontrolled defect formation has limited the scale-up and practicality of such 

approaches. Until now, several kinds of 2D IO films have been synthesized by the self-

assembled synthetic opal template strategy. Unfortunately, the perfect crack-free IO film still 

remains one of the holy grails, as the cracks mainly arise after the infiltration step. Over the 

past few years, several infiltration techniques have been used for IO formation, and most of 

them used a two-step strategy known as ‘static hard-template’ infiltration. Firstly, a 2D 

photonic crystal (PC) monolayer (PS spheres) is deposited on a substrate to form a ‘hard 

template’. Secondly, an inorganic precursor is infiltrated into the PC monolayer. Due to the 

interaction between the substrate and PS 2D opal, as well as the high surface tension of the 

inorganic precursor aqueous solution, the films were always found to present large cracks. 

Herein, we report a new route, which we call ‘dynamic hard-template’ infiltration strategy for 

the formation of crack-free large area morphology-controlled 2D IO films of TMOs such as 

TiO2, WO3, etc. on flexible and hard substrates. Once the 2D PS opal film is self-assembled 

by floating route, it floats onto the surface of water. Subsequently, a TMO alcohol/aqueous 

solution is slowly injected under the floating PS PCs film. Driven by the dispersion of the 

alcohol, the TMO will penetrate into the interstitial spaces between the PS spheres from the 

bottom. As the PS spheres are loosely connected with each other and are floating on top of the 

solution with more freedom to move than that of the conventional “hard-templating” 

deposited on a substrate, it is easy for the TMO to penetrate the interstitial spaces between the 

PS spheres. This infiltration strategy is different from that of an opal already deposited on a 

substrate, forming a ‘static hard-template’, rendering difficult any movement to adjust their 

position to accommodate guest materials. Also this ‘dynamic hard-template’ strategy is not 

limited by the particle size of the guest material as with the hard template strategy where the 

guest material’s particle size is required to be smaller than the interstitial space between the 

PS spheres. Once a substrate is placed under the PS/TMO opal composite monolayer, the 

solution was sucked out, which deposited the monolayer onto the substrate. After the removal 

of the PS spheres TMO IO films were obtained. We show that the dynamic hard-template 

strategy is available for a range organometallic sol-gel and polymer matrix precursors, and 

represents a simple, scalable method for generating high-quality crack-free large area 2D 

TMO IO films for a variety of applications.  
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Theoretical analysis of correlated mixed disorder effects on electronic properties in 

GaAs/AlxGa1-xAs superlattices has been carried out with an applied bias. The Airy functions 

model based on the transfer-matrix technique and the envelope-function approximation is 

applied to Schrodinger's equation for a rectangular asymmetric potential. This model is more 

accurate because the effective mass and band coupling are included. We have shown that by 

the introduction of the mixed disorders, the transmissions spectra reveal the appearance of a 

miniband structure with a concomitant disappearance of the localized states.  

The miniband structure varies with the applied bias value. For structures without bias 

extended states exist, the conduction is ohmic and the electron tunneling through. Above a 

critical value of Va the second resonance peak disappears to the structure of miniband, 

because the transmission tunnel between the energy levels of two consecutive wells is greatly 

restricted when states permitted wells are not in the same energy. This can be explained by 

the fact that the electron in this polarized structure (SL under an applied bias voltage) sees the 

following wells deeper than the first and a greater barrier height. In other words the second 

Eigenstate is not confined inside the well and is therefore not shown here. The possibility of 

the creation of resonant states, with a good control of the energy differences is pointed out. 

Also the high bias voltage led to the emergence of a phase transition from the metallic state to 

the insulating. We see the decrease of the miniband width until the complete disappearance 

for high values of Va. 
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 Nanosized metal oxide particles deposited on substrate surfaces at low temperatures 

are of significant interest for applicatıons in material science. The siıngle source approach 

offers several advantages over ather methods of controllable production of nanoparticles. We 

present the design, syntheses and structural characterisation of dimeric (cyclohexoxy) 

alkalistannates(II) [Sn(OCyHex)2] (1), its corresponding (cyclohexoxy)alkalistannates(II) 

[{M(OCyHex)3Sn}2] (M=Li (2), Na (3), K (4)) and of the first heteroleptic heterotermetallic 

Li/In/Sn-halo-alkoxide clusters [X2In-{LiSn2(OCyHex)6}] (X=Br (5), Cl (6)) are reported. 

Compounds 5 and 6 were successfully probed as suitable SSPs for facile low-temperature 

access to new amorphous tin-rich ITO materials with drastically reduced amounts of 

expensive indium, while maintaining or improving the performance of classical ITO 

(In2O3:Sn doped with 5–15 mol% Sn) as TCOs with respect to electronic applications. The 

obtained materials were characterised by a number of analytical techniques that proved partial 

incorporation of tin atoms into the In2O3 lattice, homogeneous distribution of both elements as 

well as and a tin/indium molar ratio close to 2:1 in the final materials. Moreover, compound 5 

was suitable for the fabrication of thinfilm FET applications on silicon wafers. Remarkably, 

the asprepared FET gave an excellent performance, as shown by a field-effect mobility of 

6.36 x 10
-1

 cm
2
/Vs and an Ion/off current ratio of 10

6
. The new tin-rich ITO materials are 

promising for other optoelectronic applications (e.g., electroluminescence lamps) and 

electrocatalysis (e.g., support materials for fuel cells). These investigations are in progress.
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We have designed and fabricated single layer anti reflection coating (SLARC) by 

using a-SiOx:H and double layer anti reflection coating (DLARC) by using a-SiOx:H and a-

SiNx:H thin films. The layers of different refractive indices were deposited on polished side of 

single crystalline Si wafer and corning 1737F glass. Each layer of ARCs was grown in plasma 

enhanced chemical vapor deposition (PECVD) system by using 13.56 MHz RF-plasma of a 

gas mixture of either CO2+SiH4 or N2+SiH4. To calculate the optical parameters including 

refractive index, we have scanned the growth parameters, such as pumping speed, chamber 

pressure, substrate temperature, radio frequency (RF) power and mostly gas flow ratios: 

f[CO2]/fTotal and f[N2]/fTotal. With the SLARC design by a-SiOx:H layers, we have 

achieved to reduce the reflectivity of bare glass and silicon surfaces down to 0.087 centered at 

the wavelength of 512 nm and to 0.0024 at 560 nm, respectively. With the DLARC design by 

successive a-SiOx:H and a-SiNx:H layers, the reflectivity was reduced to 0.035 at 528 nm on 

glass and to 0.0084 at 548 nm on silicon. 

 

Keywords: Anti-reflecting coting, ARC, DLARC, PECVD.  
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 Raman spectra, photoluminescence properties, and surface morphologies of porous 

silicon (PSi) were investigated by controlling of applied current densities and HF 

concentration. PSi samples were formed on (100) n-type silicon single crystal wafers (1-10 

ohm.cm resistivity). The galvanostatic etch (anodization) was carried out in a Teflon cell by 

using a two-electrode configuration under illumination. A platinum rod, as cathode, was 

placed perpendicular to the Si wafer surface (as anode) at a distance of 1 cm. The advantage 

of such equipment is its simplicity and ability to anodise silicon-on-insulator structures. The 

porous silicon structure is formed by electrochemical etching of Si wafers in ethanolic HF. 

The electrolytes used in our experiment, were made by mixing HF (40%) and ethanol (99%) 

with different volume ratios. The anodization current density was varied in the range of 10–

100 mA/cm2 with constant etching time (30 min). The structural properties of all samples 

were studied by the field-emission scanning electron microscopy (FE-SEM). The 

photoluminescence and Raman spectra of the samples were measured by Raman 

Spectrometers at the room temperature, and the excitation wavelength was 488 nm. High 

resolution FE-SEM images of porous silicon indicated that the pore size of porous silicon 

increased as the etching current increased. FE-SEM results also show that pore diameter of PS 

samples decreased with increasing HF concentration. The cross-sectional views of PSi 

samples treated in different current density were also analyzed and the images revealed that 

vertically aligned pores in the PS layer perpendicular to the initial Si surface and distinct 

interface between porous and original silicon layers. The macropore arrays were generally 

nice with pore walls straight and rather smooth. The thickness and the porosity of PSi samples 

were calculated by gravimetric method. Direct thickness measurements of PS layers were 

approved by FESEM, as well. We observed that the porosity and the corresponding thickness 

of the PS layer increase when the current density is raised with a constant etching time. The 

Raman analysis showed that the peak intensities sharply decrease with increasing current 

density and Raman spectra of the PS samples shifted to lower frequencies due to the presence 

of nanocrystalline silicon in PS whose diameter was around 9 nm. Photoluminescence of 

porous silicon was investigated by controlling of applied current densities and HF 

concentration. Photoluminescence efficiency of porous silicon increased as the current 

densities increased. It was indicated that the visible luminescence might come from quantum-

sized silicon crystallites in the PS. The results obtained from Raman analysis were in good 

agreement with our optical measurements.  
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Zinc oxide (ZnO) is a binary semiconductor material with direct band gap (3, 37 eV) 

because of their good optoelectronics properties, ZnO films find several applications such as: 

solar cells, gas sensors, piezoelectric sensors, waves guides... etc. ZnO thin films can be 

prepared by several techniques, such as: spray, thermal evaporation, reactive sputtering, sol 

gel, laser ablation... etc. In this work, ZnO thin films were prepared by sol–gel method and the 

dependence of structural and optical properties of these films on sol concentrations was 

deeply investigated. The DRX analyses indicated that undoped ZnO films deposited at 

different conditions have polycrystalline nature and hexagonal wurtzite structure with (002) 

preferential orientation of concentration low then 0, 3 mol/l, for 0,4 mol/l the preferential 

orientation (100). The particle size increased with an increased initial Zn
2+

 concentration. All 

prepared ZnO thin films showed a high transparency of over 88% in the visible region. The 

optical band gap energy decreased with increased of Zn
2+

 concentrations. 

 

Keywords: ZnO thin film, Dip-coating, Sol–gel, sol concentration, structural properties, 

optical properties. 
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ZnO is a n-type II-VI semiconductor with a wurtzite structure, a wide direct band gap 

of 3.37eV, and a large exciton binding energy of 60meV. It occupies a particular place among 

wide bandgap semiconductors (GaN, ZnS…), which have been actively studied because of 

their exceptional electrical and optical properties. There are different ways to synthesize ZnO 

nanostructures which improve these properties. The present study deals with to the fabrication 

and characterizations of ZnO thin films and Co doped ZnO with different concentrations. The 

samples preparation was carried out by Colloidal method and films were deposited onto glass 

substrates by dip-coating technique. Zinc acetate dehydrate, cobalt acetate, methanol and 

ethanolamine were used as starting materials. The obtained films were characterized by 

different techniques such as X-ray diffraction and Scanning Electron Microscopy (SEM) from 

which we deduce the orientation along (002) plan of ZnO crystals and their nanoscale size (R 

= 48 nm). The UV-Visible absorption of Co doped ZnO thin films shows a shoulder at 366 

nm and a blueshift of the band gap Eg = 1,01 eV, which confirms the confinement induced by 

the nanometric size of ZnO crystallites. 
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In the present work, following our previous papers [1,2], we study the dispersion 

curves of the plasmonic waves of a semicontinuous metal thin film that contains randomly 

distributed dielectric nanoparticles. We use the Maxwell-Garnet approximation to treat the 

random media as uniform effective media. Four branches of p-polarized surface plasmon-

polariton modes are found to exist. We also illustrate the attenuated total reflection spectra of 

the system for the case of p-polarization. 

 
[1] A. Moradi, “Plasmonic waves of a semi-infinite random nanocomposite,” Phys. Plasmas 20, 104507 (2013). 

[2] A. Moradi, ”Plasmonic modes and extinction properties of a random nanocomposite cylinder,” Phys. Plasmas 

21, 042112 (2014). 
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Sputtering magnetron allows the creation of coatings or thin films using a plasma 

process, we find their applications in diverse areas, optics, electronics, chemical and 

aerospace industries, etc.. The magnetron sputtering is a technique of thin film deposition. A 

reactive gas, oxygen for oxides, is added to the argon which is the carrier gas.  

Titanium dioxide (TiO2) is a semiconductor having a large band gap. It is transparent 

in the visible light; it is thus widely used as an optical coating material [1,2]. TiO2 can exist in 

amorphous form and also in three crystalline phases of brookite, anatase and rutile. The rutile 

structure is very compact and thermodynamically most stable phase at all temperatures. 

The optical properties of samples have been studied and the optical band gaps were 

calculated using Tauc plot formula for TiO2 indirect transitions gap. The results are presented 

and discussed in function of the structural and physic-chemical features of the thin films. 
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Bismuth Sulfide (Bi2S3) thin film was prepared by spray pyrolysis on glass substrate at 

270 °C, by using bismuth chloride (BiCl3) and Thiourea (CS(NH2)2). The optical constants 

and thickness were extracted using the pattern search optimization technique. The optical 

constants confirm that the Bi2S3 film has a direct gap of 1.56 eV. The dispersion of refractive 

index in Bi2S3 was analyzed using the concept of the single oscillator model. The dielectric 

constants represented by the lattice dielectric, the dispersion parameters E0 and Ed, and the rth 

moments, M-1 and M-3 were determined. It is interesting to note that Bi2S3 appears to fall 

into the covalent class. The values ratio of the carrier concentration to effective masse and 

plasma frequency were also evaluated. 

 

Keywords: Thin film, Optical Constants, Single oscillator model, Bi2S3 
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The morphology and the optical properties of nanosized multilayer coating deposited on a 

substrate surface (glass, polymer, quartz, silicon) from the active gas phase formed by 

electron beam evaporation of the metal oxides (ZrO2, Al2O3, Nb2O5, TiO2,), silicon oxide 

(SiO2) and zinc sulfide (ZnS) in vacuum have been investigated. 

It has been established that the surface topology of the coating depends on the conditions of 

electron beam dispersion of an initial substance and its deposition on solid support surface. 

Regimes designed to ensure the formation of coatings with high homogeneous of the 

deposited layers , as evidenced by their topological characteristics and AFM data . It has been 

established that the refractive index (n) and absorption coefficient (k) of obtained structures 

derived from metal oxides and sulfide are dependent on the wavelength of the incident 

electromagnetic radiation , number and thickness of the deposited layers as well as the nature 

of substrate. For example, for TiO2: n = 3,0 ( 250 nm) and 1.97 (850 nm ), k = 0,9 ( 250 nm) 

0.001 (450 nm); for ZnS n = 2,8 ( 250 nm) and 2.3 (850 nm ), k = 0,1 ( 250 nm) 0.001 (550 

nm). The cover SiO2 has n = 1,50 ( 250 nm) and 1.44 (850 nm ), k = 0 ( 250-850 nm).  

The 35 layers coatings with the periodicity and thickness of layers: (ZrO2) (SiO2) (ZrO2) 

[(SiO2) (ZrO2) (TiO2) (ZrO2)]8; 70 nm - TiO2, 145 nm - SiO2, 90 nm - ZrO2 were priduced. 

Analysis of reflection and transmission spectra obtained in polarized light showed that the 

formed structure has the properties of the light beam splitter on the p- and s- polarized rays . It 

is established that the relationship transmittances Tp / Ts , is dependent on the wavelength of 

light and nature of the substrate surface.  
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There is an urgent demand to develop biochemical fibre optic sensors with advanced 

recognition capabilities to detect selectively, rapidly, reliably, and reproducibly to target 

[biological] analytes. Organic reagents typically employed to develop optical fibre (bio) 

sensors often suffer from some intrinsic limitations, including rapid photobleaching and low 

sensitivity to the target analytes. Conversely, semiconductor photoluminescent nanocrystals, 

known as quantum dots (QDs),exhibit unique optoelectronic properties including high 

photoluminescent quantum yields, tuneable emission by particle size control, high 

photostability, and relatively long emissions lifetimes. Additionally, the nanoparticles size of 

QDs provides a large interfacial area which enables bioconjugation (i.e. combination of the 

nanoparticles with enzymes) allowing such properties to be integrated in biological systems. 

Recent progress in QDs of II/VI materials as sensing elements while immobilised in a sol-gel 

matrix, which can be combined with optical fibre sensing technology is reported [1]. 

Particular focus is given to characterization of three sol-gel matrices for urea detection; QD-

encapsulated sol- gel matrix, urease-immobilised sol-gel matrix, and double layer consisting 

of QD-sequestered sol-gel matrix and urease- immobilised sol-gel matrix [2]. Additionally, 

characterisation of biocompatible and water-soluble , D,L-mercaptosuccinic acid (MSA)-

capped CdSe/ZnS QDs and silica-coated CdSe/ZnS QDs for urea detection are highlighted. 

Advanced recognition capabilities of hydrophilic CdSe/ZnS core-shell QDs conjugated with 

glucose oxidase (GOD) and horseradish peroxidase (HRP) as bio-probes for glucose 

detection, based on fluorescence resonance energy transfer (FRET) between the QDs (donor) 

and the enzymes, GOD and HRP (acceptor molecules) are described [3]. 
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In recent years, organic thin film transistors (OTFTs) have been extensively investigated for 

organic flexible electronics because of low cost and large area applications. Since pentacene 

as an organic layer is a promising material, several researches have been reported high 

performance pentacene TFT more recently. In order to demonstrate the high performance 

OTFTs, selection of gate dielectric materials is also very important [1,2,3]. 

 

In this study, thin film transistor (TFT) was fabricated by using Al2O3 dielectric layer and 

pentacene as organic layer at room temperature. Al2O3 dielectric layer were deposited by RF 

magnetron sputtering system. Dielectric layer was firstly covered on the glass substrates by 

playing of different deposition parameters (sputtering power, pressure, time) for optimizing 

the procedure. The pentacene organic layer of different thicknesses was thermally evaporated 

on the dielectric layer. The thickness of the Al2O3 and organic layer were determined by 

Ambios XP-2 Surface Profilometer. The source and drain electrodes were finally evaporated 

of Ag layer through a shadow mask structure with different channel length/width ratios. 

Electrical measurements are conducted by Keithley 2636B SMU( Source Measurement Unit) 

system. Hall Effect Measurement system (HMS-2000) is also used to measure mobility, 

surface resistance of pentacene layer. 

 

[1] Okur, S., Yakuphanoglu, F. and Stathatos, E., 2010, High-mobility pentacene 

phototransistor with nanostructured SiO2 gate dielectric synthesized by sol–gel method, 

Microelectronic Engineering, 87:635-640p.  

[2] Koo, J., B., Lim, J., W., Kim, S., H., Yun, S., J., Ku, C., H., Lim, S., C., and Lee, J., H., 

2007, Pentacene thin-film transistors and inverters with plasma-enhanced atomic-layer-

deposited Al2O3 gate dielectric, Thin Solid Films, 515:3132-3137p.  

 

[3] Ding, X., Zhang, J., Li, J., Shi, W., Zhang, H., Jiang, X. and Zhang, Z., 2014, The Al2O3 

gate insulator modified by SiO2 film to improve the performance of IGZO TFTs, 

Superlattices and Microstructures, 69:204-211p.  
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In many industrial applications, it is important to control the wettabilities of the surfaces. For solid 

surfaces, liquid drop equilibrium, advancing and receding contact angle measurements can be done to 

characterize the wettabilities of the surfaces [1-4]. Measurement of contact angles on solids yields data 

that reflect the thermodynamics of a liquid/solid interaction. For this purpose, a series of liquid drops 

contact angles can be measured on solid surfaces and the characteristics of the solid surface and its 

wettability can be quantified by the calculations based on these measurements. Surface free energy of 

a material is the work that should be supplied to bring the molecules from the interior bulk phase to its 

surface to create a new surface having a unit area [1]. Surface free energy is the key parameter of the 

surface which dictates the most important properties of the material such as wettability, corrosion and 

hardness. High dependence of the properties attracts much interest over modification of the surface 

morphology and chemistry. 

In this work, we used polymers with varying surface free energies, such as PVAc, PVP, PMMA, PS, 

PP and PE, to prepare flat films from their solutions by dipping method. To increase the adhesion of 

polymers onto glass slides, we also applied an epoxy layer as a primer coating. Wettabilities of the 

polymer surfaces were characterized by water drop contact angle measurements. To calculate surface 

free energies of the polymers, contact angle measurements of methylene iodide, ethylene glycol, 

formamide and α-bromonaphthalene were done. Contact angle values of these liquids were used in 

surface free energy calculations by using Fowkes, Owens-Wendt and van Oss-Good methods. Optical, 

morphological and mechanical characterizations of the polymer surfaces were examined in details and 

dependence of optical and mechanical properties on surface free energies and wettabilities of the 

polymers were also investigated.  

The transmittance and reflectance values of the deposited films were measured by spectrophotometer 

analyses over the spectral range of 280-1000 nm. The values of refractive index (n) and extinction 

coefficient (k) have been calculated. Using the transmittance and reflectance data, the extinction 

coefficient k were evaluated by the spectrophotometer software. Later, the absorption coefficients 

were calculated by using Tauc method for determining the band gap values. 

 

[1] Erbil, H. Y., Surface Chemistry of Solid and Liquid Interfaces, Blackwell Publishing, Oxford, UK, 

2006. 

[2] P.G. de Gennes, F. Brochard-Wyart, D. Quéré, Capillarity and WettingPhenomena, Springer, 

Berlin, 2003. 

[3] E. Bormashenko, Wetting of real solid surfaces: new glance on well-knownproblems, Colloid 

Polym. Sci. 291 (2013) 339–342. 

[4] C.N.C. Lam, N. Kim, D. Hui, D.Y. Kwok, M.L. Hair, A.W. Neumann, The effect of liquid 

properties to contact angle hysteresis, Colloids. Surf. A Physicochem. Eng.Aspects 189 (2001) 

265–278."   
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 In the last decay, group II-VI semiconductor nanoparticles have been widely studied 

for optoelectronic applications. Among them is zinc sulphide (ZnS) nanoparticles which have 

special importance for optoelectronic applications. ZnS can be easily formed within organic 

multilayer thin film using Langmuir-Blodgett (LB) technique. In this work electrical 

properties of ZnS nanoparticles formed in LB films is reported. p-aminobenzoic acid 

molecule incorporating zinc ions were prepared to transfer as LB thin film layer on 

aluminium coated glass substrate in different thicknesses. Then the nanoparticles were created 

by exposing the LB thin films to H2S gas. Monolayer growth of 5, 7, 9 and 11 monolayer 

thick LB film samples on the substrate was verified using UV-vis absorption spectra. I-V 

measurements were carried out for the films grown in a metal/LB film/metal sandwich 

structure both for the films containing ZnS and without nanoparticles to compare the effect of 

the nanoparticles. I-V analysis indicates that conduction in these films obeys the Schottky 

conduction mechanism. Using this result the metal-organic film barrier heights were 

calculated for the films. Based on our experimental results it was concluded that the presence 

of ZnS nanoparticles influences the barrier height resulting in change in electrical properties 

of LB films.  
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 In this study, a two-part nano-adhesive was synthesized by initiated chemical vapor 

deposition (iCVD) on poly viny chloride (PVC) substrates. iCVD is a one-step deposition 

technique involving the thermal decomposition of an initiator over heated filaments to form a 

film on a cooled substrate. The process is dry and does not require high temperatures or 

plasma, therefore fragile substrates including polymers can be coated without surface 

damages. Very thin (~20 nm) Poly(glycidyl methacrylate) (PGMA) and poly(dimethyl 

aminomethyl methacrylate) (PDMAEMA) films were deposited separately by initiated 

chemical vapor deposition (iCVD) on the substrate surfaces. FTIR analyses of the as-

deposited films showed strong retention of chemical functional groups for both polymers. The 

deposition rates for PGMA and PDMAEMA were found as 30 and 20 nm/min, respectively. 

Contacting both surfaces by curing at 80 °C resulted in a strong adhesion between the 

polymers, due to the reactions between epoxide and amine functional groups. The resulting 

adhesive layer is essentially transparent, as determined from UV visible spectroscopy 

analysis. The adhesion strengths of the polymer/polymer interfaces between two PVC sheets 

were determined by the measurement of the T-peel adhesion strength on an tensile tester 

(Instron). All measurements were performed at a crosshead speed of 1 mm/min. The results 

indicated significant adhesion improvement compared to the conventional solution phase 

adhesives.  
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Calixarenes are a group of materials which are widely used for gas sensing studies 

because of their simple synthesis, conformational flexibility, binding group tunability, 

variability in their cavity sizes and improved selectivity to different gas molecules. In recent 

years it has been shown that the incorporation of gold nanoparticles (AuNps) into organic 

layers further enhances their gas sensing performance.  

The present study reports on the fabrication of the thin films of calixarene and gold 

nanoparticles using Langmuir-Blodgett (LB) and Langmuir Schiff methods respectively. The 

gas sensing properties of the produced films are investigated on exposure to saturated vapors 

of Volatile Organic Compounds (VOCs) using surface plasmon resonance as an optical 

detection technique. Multilayers comprising films of AuNps and calixarene have been 

investigated to evaluate the effect of AuNPs on the films sensing performances. It has been 

demonstrated that the mixed layers exhibited improved sensing performance in terms of the 

degree of their response.  
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Calix[4]arene molecule was deposited as an LB film by the method of Langmuir-

Blodgett (LB) technique onto the suitable substrates. UV-visible spectroscopy was employed 

for the characterization of these LB films. A high quality and uniform LB film monolayer 

from the water surface can be transferred onto a glass or quartz crystal substrates with a 

transfer ratio of over 95 %. Thickness of our sample was measured using Surface Plasmon 

Resonance with a value of 2.5 nm for two layers. For the sensing application against 

chloroform, this LB film yields a fast and almost fully reversible response to chloroform in 

few seconds.     
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The phthalocyanine thin films can be fabricated by a variety of techniques including 

vacuum evaporation, solvent casting, spin coating, and Langmuir–Blodgett methods, etc. In 

order to optimise their potential utility for optical or electronic device applications, it is 

necessary to obtain uniform films of these compounds with easily controllable architecture 

-conjugted organic molecules like phthalocyanines 

and hexabenzocoronene derivatives reported that an electric or magnetic field can modify the 

molecular arrangement. 

In this study, we present electric field assisted effects on the molecular orientation and 

the surface morphology of thin metal phthalocyanine films. The ability of electric fields to 

affect the thin film structure of polar molecules is demonstrated using 

titanyl(IV)phthalocyanine and chloroaluminium phthalocyanine (PcAlCl) as model 

compounds exhibiting both a permanent and an induced electric dipole moment. Thin films of 

both phthalocyanines prepared by organic molecular beam deposition in the absence and in 

the presence of an electric field during the thin film growth are characterized using 

polarization dependent Raman spectroscopy and atomic force microscopy.  

It was shown by analyzing polarized Raman spectra that different preferential 

orientations of the molecules relative to the substrate surface have been observed in the films 

deposited under applied electric field or without electric field. Regions where an electric field 

was applied during thin film growth reveal molecules tilted with respect to the substrate plane 

of about 90o, whereas in regions where the electric field was absent the molecules adopt 

preferentially a more lying configuration.  

The influence of post deposition annealing without and under applied magnetic field 

on the chemical transformation of PcAlCl to [PcAl]2O on the substrate surface was also 

studied using complementary methods such as optical spectroscopies, X-ray diffraction and 

atomic force microscopy. Combination of these methods with polarized Raman spectroscopy 

technique allowed to conclude that the presence of a magnetic field parallel to the substrate 

surface during annealing of the film improves the azimuthal order of crystalline domains with 

the phthalocyanine molecules oriented perpendicular to the substrate surface and are turned so 

that their dipole moments oppose the magnetic field direction. 

It was demonstrated that applying an electric field during the growth or magnetic field 

during post deposition annealing of polar organic molecules may provide a promising 

opportunity to control the morphology and/or molecular orientation in thin organic films. 
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In this research mixed matrix heterogeneous cation exchange membranes were 

prepared by solution casting technique. Ilmenite-co-iron oxide nanoparticle was employed as 

inorganic filler additive in membrane fabrication. The effect of used additives on membranes 

properties was studied. Membrane potential, transport number and selectivity were improved 

by use of FeTiO3/Fe3O4 nanoparticles in membrane matrix. Utilizing FeTiO3-co-Fe3O4 

nanoparticles in the casting solution also led to increase in ionic flux obviously. The modified 

membranes containing FeTiO3-co-Fe3O4 nanoparticles showed higher transport number, 

selectivity and ionic flux compared to modified membrane containing ilmenite. Results 

showed that membrane areal electrical resistance was also declined sharply by use of FeTiO3-

co-Fe3O4 nanoparticles in membranes matrix. Moreover, modified membrane containing 

ilmenite showed lower electrical resistance compared to others. Results showed that oxidative 

stability of membranes was decreased slightly by use of FeTiO3/Fe3O4 nanoparticles in 

membrane matrix. The results revealed that modified membranes in this study are comparable 

with that of other commercial ones.  
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Based on polyvinyl alcohol (PVA) modified by dichroic organic dyes effective polarizers for 

the visible (400-700 nm) and near IR (830-850 nm) spectral regions were obtained. 

A novel dye - derivative of quinoline at λmax = 705, 845 nm was modeled and synthesized; 

the compositions for creating of dyed PVA films (wt.%: PVA - 9,0-10,0; ethyl alcohol - 6.0; 

dimethylformamide - 4.0-4.5; glycerin - 2.8-3.0; H3BO3 - 0.05; dyes - 0.02-0.04, water - the 

rest) and their conditions of uniaxial orientation were developed.  

It was shown that the maximum value of the polarizing ability (PA = 96%) of the films is 

achieved at concentrations (C) of the dye from 0.2 to 0.4 wt.% and degree of stretching Rs = 

4-4,5. One of the major factors affecting to PA of the polarizing film is the degree of 

orientation (S) of the dye molecules in the polymer matrix was found. PA of the film 

increases with increasing the S parameter and at its value 0.7 reaches 96%.  

Modification of dyed PVA films by ZnO nanoparticles led to improvement of light resistance 

of them. Thus the light transmittance and polarizing ability of the sample when it is irradiated 

with UV light from a mercury lamp DRSh-1000 for 6 hours practically unchanged. 
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TiO2 has many outstanding optical, electrical and chimical properties which make it suitable 

for variety of thin films application. Though studies have attempted to understand how 

dopants impact on the béhaviorisme of thaïs component. Rare informations are available in 

the literature regarding the effects of dopants on the phase formation, microstructural 

évolution, and thus optical properties of the TiO2 thin films. In thaïs word, magnesium (Mg) 

doped titanium dioxide (TiO2) thin films have been successfully elaborated by using sol-gel 

process on glass substrate. Anatase is à l'os temperature stable phase. In addition, amorphous 

TiO2 films are often observed when the substrate temperature during deposition is low. 
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We report the synthesis and characterization of silicon quantum dots (QD´s) obtained 

by thermal annealing of silicon/silicon dioxide (a-Si/SiO2) supper-lattices deposited by 

magnetron sputtering in Argon and Oxygen atmosphere. The main motivation to study silicon 

comes from its success and dominance in modern technology, especially in microelectronics. 

Light sources, modulators, waveguides, logical gates are a few examples of microelectronic 

materials applications in the various photonic devices which have been developed based on 

silicon nanocrystals.  

a-Si/SiO2 super-lattices were fabricated by 13,56 MHz radio-frequency magnetron 

sputtering on glass and silicon substrates using the BOC Edwards TF 600 coating system. The 

films were sputtered in Argon and mixture of Argon and Oxygen atmosphere from a silicon 

target of 99,999% purity. The as-deposited supper-lattices and the crystallized films were 

investigated using in-situ XRD, HR-TEM, FTIR, Raman, UV-Vis spectrophotometry and 

spectroscopic ellipsometry.  

Multilayers composed of alternating stacks of a-Si and SiO2 layers have been 

crystallized by thermal annealing in vacuum. The different stages from nucleation until full 

crystallization have been investigated by in situ X-ray diffractometry. Onset of crystallization 

and phase separation is observed to occur at different annealing temperature depending on the 

thickness of the super-lattice a-Si sub-layer. XRD in agreement with Raman spectroscopy 

confirmed presence of silicon crystalline fraction in annealed super-lattices. It is calculated 

that there is 19% of crystalline volume fraction in the multilayers after annealing procedure 

with density of particles of 4. 10 18cm
-3

. Obtained crystalline fraction consists of 

nanoparticles, which average size is 3.5 – 4nm.   
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Recently there is renewed interest in lanthanum and other rare-earth hexaborides 

(REHB) due to their new perspectives as high-efficient thermionic emitters with excellent 

stability. Despite of the extensive recent research, it is not yet clear whether the low work 

function and high stability of REHB is due to the unique electronic state of bulk crystal or to 

the double metal-boron dipolar layer formed on the surface. Recently it has been shown that 

the latter is the preferred viewpoint [1], which requires, however, further studies relating 

mainly to the electronic state of rare-earth metal and boron atoms coexisting in double surface 

layer. In relation to this, the aim of the present work was to study how the state of La and B 

atoms change in double La-B layer compared to the state of corresponding atoms in 

respective bulk materials. Intramolecular vibration of adsorbed carbon monoxide molecule 

has been chosen as a high-sensitive probe to test the state of the La-B layer. Lanthanum and 

boron layers were deposited on Mo(110) crystal in ultra-high vacuum chamber and studied by 

means of AES, XPS, RAIRS and CPD [1-3]. The state of the double La-B layer dramatically 

depends on the La and B deposition sequence. When La is deposited on top of the B film 

preliminary formed on Mo (110), the work function value reaches 2,3 eV, whereas for the 

reverse deposition order the work functions takes value of 5.8 eV. Comparing the IR 

intramolecular vibrational bands of CO adsorbed on rather thick (10 nm) La and B films 

separately and on equilibrated double La-B film, one can notice a blue shift of 8 cm-1 of IR 

wavenumber for CO bound to La atom in double layer compared to separate La film, whereas 

almost no shift is detected for CO bound to boron atom in case of CO-La-B- Mo(110) 

compared to CO-B-Mo(110). This implies that the electronic state of La atom in double La-B 

layer is somewhat different from that of separate La film, whilst the state of boron atom 

undergoes less transformation. The observed rather low value of wavenumber shift of about 8 

cm
-1

 cannot be viewed as a consequence of strong chemical interaction between La and B, but 

as a result of La to B charge polarization. In favor of this assumption is an observed fact of 

high mobility of boron atoms through the La film even at room temperature. In addition, no 

reliable shift of Auger and core level energies was observed. Thus, it may be concluded that 

the low work function of LaB6, and presumably other REHB, is due to formation of dipolar 

La-B surface layer without formation of strong chemical bonds between them. 

The work was supported by The Russian Ministry of Education and Science (Goszadanie) and 

performed at CKP SOGU. RFBR (RFFI) support under grant # 14-42-01017, as well as RSO-

Alania, is also gratefully acknowledged. 

 
[1] T.T. Magkoev et al, Surf. Sci. 602 (2008) 1705. 

[2] T.T. Magkoev et al, J. Phys.: Condens. Matter 20 (2008) 485007. 

[3] I.V. Tvauri et al, Vacuum 88 (2013) 8. 
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 The La-Sr-Mn-O thin films were deposited on Si(100) by DC magnetron sputtering 

and followed by annealing at different temperature (873K, 973K and 1073K ) for 1h in air 

atmosphere. The effects of annealing temperature on microstructure and electrical property of 

the films were studied. The results indicate that the films restructure during the annealing 

process, which results in the obvious changes of phase structure, morphology, Mn-O bond 

length and electrical property with the change of annealing temperature. The films annealed at 

873K and 973K show the (100) preferred orientation, however, the (100) peak disappears for 

the film annealed at 1073K. The grains monotonously increase with the increasing of 

annealing temperature. All the annealed La-Sr-Mn-O films display metal-insulator transition 

and the metal-insulator transition temperature (TMI) shifts toward high temperature when 

annealing temperature increases. Double-peak resistivity transport behavior is observed in the 

film annealed at 873K, which can be explained by the interplay of bulk phase and surface 

phase resistivity transport mechanisms and double-phase structure coexistence.   
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 Sputtering of the titanium and nickel target using argon plasma was investigated by 

optical emission spectroscopy in home-made sputtering system on Si substrate. The optical 

emission spectra supply information about the chemical species present in the plasma. The 

electronic temperature (Te) was determined from that, for different plasma parameters: gas 

pressure and power density, lines studied in the discharge are I 696.5 for Argon, Titanium I 

519.3 nm and 352.4 nm for nickel. An increase of the pressure and power density induces an 

electronic temperature increase. To determine structure and chemical composition of the film, 

XRD and EDX techniques are used.  

 

Science of Thin Films and Quantum Effects 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Science and Applications of Thin Films, Conference & Exhibition (SATF 2014) 
Çeşme, Izmir, Turkey, September 15 to 19, 2014 

175 
 
 

 

PA065 

The Electronic and Magnetic Properties of La0.85Zr0.15MnO3 Deposited on 
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 The electronic and magnetic properties of tetravalent-ion-doped La0.85Zr0.15MnO3 
(LZMO) thin films that were epitaxially grown on SrTiO3 (STO) and MgO substrates were 

studied using temperature-dependent x-ray diffraction (XRD), x-ray absorption near-edge 

structure (XANES), x-ray linear dichroism (XLD) and x-ray magnetic circular dichroism 

(XMCD) at the Mn L3,2- and K-edge. XRD studies reveal that the LZMO thin films have 

compressive and tensile strains (along the c-axis) on the STO and MgO substrates, 

respectively. As the temperature is reduced from room temperature to below magnetic 

transition temperature, the preferentially occupied Mn majority-spin eg orbital changes from 

the in-plane dx2-y2 to the out-of-plane d3z2-r2 orbital for LZMO/STO, and vice versa for 

LZMO/MgO. Experimental results suggest that the new hopping path that is mediated by the 

Mn
2+

 ions triggers a stronger d3z2-r2 orbital ordering of Mn
3+

 ions and enhances the 

ferromagnetic coupling between the Mn spin moments of t2g electrons in LZMO/STO, 

whereas the strong tensile strain stabilizes the dx2-y2 orbital by inducing lattice distortions of 

the MnO6 octahedra in LZMO/MgO.   
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Both scientifically and technologically carbon nanotubes (NTs) since their discovery have 

attracted more attention to the researchers worldwide, because of their inevitably 

extraordinary and outstanding transport properties such as of their dual metallic 

semiconducting behavior, the capability of having high electrical and thermal power, having 

mechanical stability and carrying large current densities at room temperature. The latter 

property in carbon nanotube field effect transistors, particularly has made the high speed nano 

electronics devices owe to them[1-7].  

In this article the effect of dc (Fdc) and quasi-static ac (Fac) electric fields on the carrier 

transport properties of carbon nanotubes is studied. Using the Boltzmann's transport equation 

a theoretical model is implemented to extract the current-density electric field characteristics. 

Calculating the current density and using Matlab it is shown that at low electric fields the 

current density verses dc electric field shows a linear dependence that is the so called the 

region of ohmic conductivity. Then by increasing the electric field when the dc electric field 

reaches the vicinity at which becomes equal to the amplitude of the ac electric field (i.e.in the 

quasi-static approximation case when ωτ<<1) the current density decreases and negative 

differential conductivity (NDC) is observed and the increase of the Fac electric field results a 

decrease in the current density peak. This effect is similar to that of [8] studied in a 

semiconductor superlattice. The demonstrated NDC effect could be significant in the context 

of future generation of terahertz radiation. 
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The use of nanostructured materials can significantly increase the thermoelectric figure of 

merit. Reducing dimension creates conditions for the emergence of quantum-size effect, 

which leads to increase in the density of states near the Fermi energy (EF). This preserves the 

high electrical conductivity, and the asymmetry of filled and unfilled states provides a high 

Seebeck coefficient S. 

In this paper, the results of calculations and analysis of the size dependence of the Seebeck 

coefficient, specific electrical conductivity, and thermoelectric power given in the 

approximation of the variable Fermi energy.  

Calculations are performed for the model of quantum well (QW) with high wall. The QW’s 

width was considered equal to thickness of condensate in the experimental dependences of 

corresponding parameters. The calculation was carried out in the approximation of constant 

both the concentration and carrier mobility throughout the interval of QW width. The values 

of such width were taken with corresponding experimental measurements. The dependence of 

the thermoelectric coefficients due of QW width of lead chalkogenides was characterized by 

non-monotonic oscillation behavior. Such behavior is due to the quantization of energy 

carriers by restricting their movement in the potential well. An increase of QW in the value of 

one-half of Fermi energy leads to new filled sub-bands below the Fermi level. The jump is 

observed in density states in the filling of new zone, and leads to oscillation behavior.  

It is shown, that both experimentally and theoretically obtained dependence of the Seebeck 

coefficient due QW width with infinitely high walls for structures based on IV-VI 

semiconductor compounds characterized the fractures with certain period. 

For all structures with a small values of the width of the QW (less than 20 nm) revealed the 

high values of Seebeck coefficient and reduced values of electrical conductivity. An increase 

of the width of QW leads to decrease of Seebeck coefficient and to increase the value of 

electrical conductivity. Thus all these dependences are saturate. This pattern of theoretical 

curves changes completely to experimental data. 

It was established that the period of oscillations is inversely proportional to the Fermi energy. 

The flowing nature of the Fermi energy indicates that the increase in the width of the QW 

takes place growth of d-period oscillations dependencies of the TE-parameters. 

This research is sponsored by NATO's Public Diplomacy Division in the framework of 

""Science for Peace"" (NATO.NUKR.SFPP 984536)."  
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The possibility of applications of left-handed metamaterial based one and two dimensional 

photonic nanostructures in functional optoelectronic devices containing both inorganic and 

organic components have been studied in present paper. In this study, metamaterial based 

photonic crystal array containing one and two dimensional photonic crystal on a narrow-band 

semiconductor base infiltrated with organic compound was analyzed. In order to study the 

photonic band gap and optical properties of the structures, their electromagnetic properties 

were investigated by using the finite-difference time-domain method. Band structure, 

transmittance, density of photonic states and equi-frequency contours of nanostructures were 

calculated for both TE and TM modes. In particular, two dimensional photonic crystals with a 

sufficiently high value of refractive mismatch between the constituent phases possess a full 

photonic band gap, where light of specific wavelength range is inhibited from propagating in 

all directions. Structure with a periodic spatial modulation in the refractive index obtained 

from organic compounds possess an intrinsically low value of refractive index mismatch 

originating from the relatively low refractive index of organic compounds, and as a result 

these materials do not possess a full band gap. In present work, possibilities a left-handed 

metamaterial photonic crystals operating at optical frequencies had also been analyzed for 

solar cell and super-lens applications.  
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The sol-gel route has been applied to obtain CdZnO nanocomposite films. CdZnO films with 

different ratio of CdO and ZnO (1:1, 2:1 and 1:2) were grown on glass substrates. The 

crystalline structure of the CdZnO films depend on the amount of ZnO and CdO in the films. 

A combination of cubic (CdO) and hexagonal wurtzite (ZnO) phase was observed for the film 

deposited film 0.3 M precursor concentration of zinc and cadmium salts. From scanning 

electron micrograph (SEM) uniform distribution of spherical shaped nanograins was 

observed. Films having higher amount of CdO shows the presence of grains along with the 

self-assembled network texture of ZnO. AFM analaysis reveals the average grain size is in the 

range of 8-50 nm. PL spectra show emissions corresponding to the near band edge (NBE) 

ultra violet emission and deep level emission in the visible region.  
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This study presents a survey which aims to study the properties of electromagnetic 

absorption in the frequency range of microwave thin oxide films deposited on polymer 

substrates. Basically, it seeks to obtain a material that is capable of attenuating radiation in the 

frequency range of interest, with concomitantly low density and high efficiency. Often, it is 

necessary to use the Radiation Absorbing Materials (RAM) to minimize interference 

problems and electromagnetic compatibility in equipment’s used in civil and military 

industry, for example, cellular phones, wireless transmission, pacemakers and others. In this 

study, thin oxide films were produced in an equipment of the type Magnetron Sputtering 

(MS). 

The thin films were evaluated for their ability to absorb radiation in the frequency 

range of microwaves (8-12GHz) using a waveguide device. The result obtained from this 

study reveals that the films are presented as efficient absorbers of electromagnetic radiation in 

certain frequency bands. 
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At present HfO2 and double oxides on its base (HfO2-Ln2O3, Ln=RE) are widely 

investigated as materials for developing new technologies. Of primary interest are thin films 

based on these compounds, as they refer to high-k materials used in making gate dielectrics 

for micro-and nanoelectronic devices of a new generation. It is known the film functional 

properties are closely related to film structures. The results of crystal structure, phase’s 

transformation investigation within LaxHf1-xOy films and their permittivity will be discussed 

in the report. La-doped HfO2 films(50-80nm) were obtained by MO CVD. 2,2,6,6 

tetramethyl-3,5 hafnium heptandionate (Hf(thd)4) and 2,2,6,6 trimethyl-3,5 lanthanum 

heptandionate (La(thd)3) were used as precursors. To characterize films, a set of methods was 

used including XPS, EDS, AFM, X-ray diffraction using greasing incidence angle of 

synchrotron radiation and HRTEM. With increasing La concentration, the reflections in the 

X_ray diffraction patterns of the films shift to smaller 2θ angles, indicating the formation of 

solid solutions. At 18 at % La, we observed a transition from a fluorite-like structure to the 

pyrochlore structure (La2Hf2O7). The film containing 30 at % La consisted of a mixture of 

cubic La2O3 and La2Hf2O7. The surface roughness of the films was shown to increase with 

increasing La concentration. Capacitance–voltage (C–V) measurements were used to assess 

the relative dielectric permittivity (k) of the films as a function of La 

concentration. The minimum k value was obtained at the La concentration corresponding to 

the transition from the fluorite structure to an ordered pyrochlore structure (second_order 

phase transition). 
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Mercury Cadmium Telluride (HgCdTe) is widely used material for infrared detection. 

GaAs substrates are generally used as a substrate for the growth of HgCdTe  because (211)B 

surface of GaAs suppress twin defect formation, gives best surface morphology and higher 

Hg sticking coefficients. In addition, epitaxial growth surface can be easily obtained after low 

temperature thermal removal of protective oxide layer. Although the direct growth of 

HgCdTe can be performed on GaAs substrates, diffusion of gallium and arsenic atoms into 

the growing layers and dislocations due to large lattice mismatch degrades the device 

performance build on these films. To decrease impurity atom migration and reduce the 

number of dislocations per unit area, CdTe can be used as a buffer layer. CdTe and HgCdTe 

have closely matching lattice parameters. Large number of dislocations occur at CdTe film 

and GaAs substrate interface due to 14.6% lattice mismatch.  In addition, due to excess Te 

during growth, Te precipitates can be formed on CdTe buffer layer.  

This study focuses on a Raman study of defects on (211)B CdTe buffer layers grown 

on (211)B oriented GaAs substrates by Molecular Beam Epitaxy (MBE). In order to 

investigate Te precipitates and the quality of CdTe (211)B epitaxial films on epiready 

nt Raman scattering experiments 

in the range of 300 K to 80 K were performed by using emission of an Ar+ laser at 488 nm. 

The TO and LO phonon modes of CdTe observed approximately at 140 and 175 cm-1, 

respectively. Additional modes near  92, 103 and 120 cm-1 are phonons with E and A1 

symmetry modes of tellurium which are the indications of Te precipitates in CdTe [1, 2]. It 

has been reported that as the density of Te precipitates increases, the Raman intensity of A1 

and E symmetry modes of Te would also increase [3]. 

 In addition; to examine the quality of CdTe layers, the intensity ratio of second order 

(2LO) and first order (LO) longitudinal phonon modes was calculated at measured 

temperatures. It was observed that the intensity ratios change with measurement temperature 

and, Te-specific A1 and E symmetry modes and transverse optical phonon mode of CdTe 

form a broad peak as the measurement temperature decreases for some CdTe samples. In 

order to examine the character of topologically different areas as observed by optical and 

electron microscopy, the variations in Te specific E and A1 symmetry mode intensities on the 

sample surface were recorded by two-dimensional Raman mapping. 
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In this work, we have constructed thin films of plasticized polymers of polymethyl 

metharcylate, polyviniyl chloride (PVC) /or sol-gel matrices with oxygen sensitive 

fluorescent dyes for the sensing of reactive oxygen radical of nitric oxide. Like other free 

radicals nitric oxide contributes to the development of several human diseases. Besides it 

takes place in many biological mechanisms occurring in human body. Nitric oxide is also a 

very toxic environmental waste of industrial processes or exhaust gases. Thus, the accurate 

measurement of nitric oxide is of great importance. The employed fluorescent dyes were 

pyrene and tris(2,2’-bipyridine)ruthenium ([Ru(bpy)3]2+) which are well known with their 

sensitivities for oxygen molecule and for reactive oxygen species in solution phase. However, 

this is the first study that these dyes are tested for nitric oxide sensitivity in their solid thin 

film forms which is suitable for further optical sensor designs. Both, time-resolved and steady 

state fluorescence measurements were performed for the two dyes in their thin film forms of 

different polymers and the results were compared in terms of sensitivity. The films were 

tested for nitric oxide in phosphate buffer solution of pH 7.4. We have found that the nitric 

oxide can actively quench the two probes in thin film forms. Our data correspond to the 

classical Stern–Volmer equation. The pyrene dye in PVC thin films is more efficient than the 

([Ru(bpy)3]2+) dye for the sensing of nitric oxide. In conclusion, our method allows for 

detecting ppm levels of nitric oxide at intracellular pH. Our data suggest that the method can 

be used for the quantification of nitric oxide based on not only the quenching of fluorescence 

intensity but also the quenching of fluorescence lifetime of the employed probes. 
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Multilayer thin film structures are attractive for superconducting microelectronics, but 

they are difficult to achieve on high Tc superconductors such as YBa2Cu3O7-x (YBCO) thin 

films. The conventional process has been based on fabricating the YBCO thin films on 

multiple buffer layers resulting in a single superconducting upper layer on a multilayer-type 

structure, here we present a full fabrication process for the growth of a multilayer 

superconducting thin film structure that contains multiple superconducting YBCO thin film 

layers separated by SrTiO3 (STO) interlayers in sandwich-type configuration. The deposition 

process was optimized for dc and rf magnetron sputtering techniques for the deposition of 

YBCO and STO thin films respectively. An YBCO/STO/YBCO/STO/YBCO type 

configuration was fabricated on a commercial single crystal (100) STO substrate by precisely 

tuning the deposition process parameters. Superconducting properties of YBCO layers were 

tested by ac magnetic susceptibility and resistances versus temperature measurements after 

the deposition of each additional layer. In order to demonstrate potential device application, a 

microbridge pattern was fabricated onto the top YBCO layer and current – voltage analysis 

was performed.  
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A literature review and experimental investigation were realized in this study. The literature 

review includes the magnetic material of a permanent magnet, the fabrication techniques as 

well as the image processing techniques. 

In this experimental study, samples were prepared by DC sputtering from the hand-made 

NdFeB target and a target of Mg was used to keep oxygen onto a silicon substrate at room 

temperature condition. CuTEM with 1500 square mesh was used as a shadow mask to pattern 

the film surface by the use of Al2O3 coated. Films were capped by a nanometer thick tantalum 

layer against diffusion and oxidation. The liquid nitrogen cold finger was added periodically 

during the sputtering process to ensure trapping the impurities in the system. The films were 

thermally annealed at 550℃ for 30 minutes. X-ray diffraction pattern was performed for both 

as deposited and annealed temperature as grown sample and formation of Nd2Fe14B phase 

was realized during an x-ray diffraction investigation with good lattice orientation. We have 

imaged the sample surface with the aid of low temperature SHPM system to be used for 

determining the scanning image of the sample surface at various temperatures.This allows the 

experimental investigation to acquire topography image a long with the magnetic field 

distribution was achieved. The image results then show that the scanning image with SHPM 

give a better smooth image and is well complimented .The film which was studied can be 

used for applications in superconductor and ferromagnetic of hybrid structures. 
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In this letter a thickness-dependent interfacial distribution of oxide charges for thin 

metal oxide semiconductor (MOS) structures using high-k material ZrO2 has been 

methodically investigated. The interface charge densities are designed using capacitance-

voltage (C-V) method and also conductance (G-V) method. It indicates that by reducing the 

effective oxide thickness (EOT) at 3.54 nm, 2.65 nm and 1.77 nm, the Dit increases linearly. 

For the same EOT, Dit has been found for the materials to be the order of 10
11

 cm
-2

eV
-1

 and it 

is originated to be in good agreement with published fabrication results at p-type doping level 

of 1 × 10
17

 cm
-3

. Numerical calculations and solutions are performed by MATLAB and 

device simulation is done by ATLAS.  

   

 

 

Theory of Structure, Surface and Interface 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Science and Applications of Thin Films, Conference & Exhibition (SATF 2014) 
Çeşme, Izmir, Turkey, September 15 to 19, 2014 

187 
 
 

 

PA077  

Effects of Withdrawal Speed on the Microstructural and Optical Properties 

of Sol-gel Prepared ZnO:Al Thin Films 

 

Sinem Aydemir  

 
Eskisehir Osmangazi University Physics, Turkey  

 
Email of corresponding author: saydemir@ogu.edu.tr 

  

 

The growth of Al doped ZnO (AZO) thin films via sol–gel process were investigated. 

Wurtzite nanostructure AZO films were successfully deposited onto corning glass substrates 

by sol-gel method using dip coating technique. The effect of withdrawal speed on the 

crystalline structure, morphology and optical properties of the ZnO thin films were 

investigated using X-ray diffraction (XRD), atomic force microscopy (AFM), field emission 

scanning electron microscope (FESEM) and optical transmittance data. The WS significantly 

affected the crystalline structure, morphology and optical properties of the films. All AZO 

films were observed to grow along the c-axis preferential orientation of (100) and (101). The 

lower WS of the substrate in the AZO thin films the more highly preferred orientation along 

(100) and (101) planes. The optical transmittance of the thin films within the visible and near 

infrared region was about 80%. The surface roughness mean square (RMS) of the films 

estimated from AFM measurements rise from 10 nm to 29 nm, when the withdrawal speed 

increased from 20 to 80 mm/min, respectively. The optical transmittance of the thin films 

within the visible and near infrared region was about 80%. The absorption edge varied from 

3.20 to 3.27 eV with increasing withdrawal speed. Room temperature photoluminescence was 

observed for pure and Al doped ZnO thin films and the origin of the emissions was discussed.
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NaClxBr(1-x) polycrystalline has been grown by, pulling from the melt, Czochralski method. 

The texture and preferred orientation of NaClxBr(1-x) in different planes (111), (200) and 

(400) has been studied. As the figures show the highest intensity has been obtained for <001> 

direction in (200) plane where indicates the grains directions are normal to the surface of 

substrate. The direction of other planes such as <110>, <203> and <301> were formed that 

indicated the twinning effect. Inverse pole figure and orientation distribution function of the 

sample also has been studied.   
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Semiconductors exhibiting intermediate bands (IB) are a subject of intense research during 

last twenty years mainly because theoretical calculations have shown that single-junction 

solar cells build on them have a detailed balance efficiency of 62.3% compared with the 

40.7% for an ordinary solar cell. Also, in recent years IB semiconductors were successfully 

used to modify electrodes in hybrid organic-inorganic electronic devices such as light 

emitting diodes and solar cells to inject and extract carriers through the IBs in the organic 

semiconductor. To be useful an IB semiconductor must fulfill a few conditions. For instance, 

for use in solar cells the electronic transitions between valence, conduction (VB and CB, 

respectively) and IBs must be allowed and strong, the corresponding absorption spectra must 

not overlap, must fit with the spectrum of the light to be absorbed and the non-radiative 

recombination of IB electrons with VB holes must be low. Moreover for electrode 

modification applications, the IB must not act as trap for free electrons and holes within the 

CB and VB respectively and the IB must be several kT away from CB and VB to avoid 

thermal escape of IB carriers towards them thus destroying the alignment of the various 

levels. 

This work deals with the IBs in amorphous molybdenum and tungsten oxide films with 

various degrees of oxygen stoichiometry and hydrogenation. When these oxides are reduced 

by losing oxygen and/or by introducing hydrogen within the Metal-Oxygen lattice, energy 

states appear within their forbidden gaps, which above a certain concentration become bands 

while the oxides retain their semiconducting character. Optical properties, such as Fourrier 

transform infrared (FTIR) spectroscopy, spectroscopic ellipsometry (SE) and 

photoluminescence (PL) spectroscopy are used to probe the composition and the electronic 

structure of deposited samples near and within the energy band gap and schematic energy 

diagrams are proposed for both oxides.  
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A commonly used definition of biocompatibility is ability of a material to perform with an 

appropriate host response in a specific application. Since materials interact with environment 

through their interfaces, both the kind and the strength of such interactions are largely 

dependent on the surface properties of the materials. The contact of blood with foreign 

surfaces induces several cascade reactions and activation phenomena. These reactions 

potentially create clinically significant side effects in the application of medical devices 

(cardiovascular implants, extracorporeal circulation, catheters) and interfere with the success 

of the medical treatments. In certain cases even the formation of thromboemboli or systemic 

inflammatory reactions were reported to occur as a consequence of the activation of 

coagulation enzymes, thrombocytes, and/or the activation of the complement system and 

leukocytes at the biointerfaces of the applied materials. Protein adsorption on the material 

surface is believed to be the initial event when a material comes into contact with a biological 

environment. Therefore, understanding the interaction between proteins and material surfaces 

is critical, and control of protein–surface interactions continues to be an important factor for 

consideration in the design of biocompatible surfaces. Recently, a number of excellent 

reviews have been made in the understanding of protein interaction with all biocompatible 

materials. While a material is in contact with a biological environment, the surface chemistry 

and topography of the material are important parameters that may influence protein 

adsorption, cell interaction, host response and ultimately the mechanical damage to shaped 

blood cells. Nowadays, studies have been focused on biocompatibility of the inner surface of 

the medical tubing sets that may be one of the reasons of shaped blood cell damage, the 

activation of coagulation enzymes, thrombocytes, and/or the activation of the complement 

system and leukocytes at biological environment. 

The nano-level surface finishing requirements on the medical components made of materials 

with extraordinary properties, miniature surface features on tubular geometries etc. are highly 

demanded in today's medical and manufacturing area. These are not feasible to achieve by 

any traditional methods of finishing. Such objectives can be achieved only through the 

advanced finishing processes because the traditional abrasive finishing processes generally 

employ a rigid tool that subjects the component to substantial normal stresses which causes 

microcracks on surface or subsurface resulting in reduced strength and reliability of the 

component. Owing to this, the precise control of finishing forces is an important consideration 

for fine finishing of components with close tolerances and without damaging surface 

topography. This had led to the development of many advanced surface finishing 

technologies. These include magnetic abrasive. 

 

  

 

Theory of Structure, Surface and Interface 

 



Science and Applications of Thin Films, Conference & Exhibition (SATF 2014) 
Çeşme, Izmir, Turkey, September 15 to 19, 2014 

191 
 
 

 

PA081  

Semi-empirical Method to Extract Minority Carrier Bulk Lifetime and 
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We have investigated the effect of extended phosphorus diffusion gettering (EPDG) 

on effective minority carrier lifetime (teff) in P-type multicristalline silicon (mc-Si). Quasi-

steady state photoconductance (QSSPC) technique are used to measure teff before and after 

each EPDG run. The silicon surface is pasivated with Iodine Ethanol (IE) solution before each 

measurement. teff values have been increased from 9 µsec to 36 µsec after EPDG gettering. 

We have used the theoretical model which lie the apparent lifetime using Hornbeck-Haynes 

model and the fit of measured effective lifetime teff to determine the bulk lifetime tb, surface 

recombination velocity (SRV), the recombination center (Nr)and traps density (Nt). Surface 

recombination velocity value around 240 cm.s
-1

 relative to the IE passivation is deduced and 

the obtained bulk lifetime (tb) values vary from 11 to 77 µsec depending on gettering 

efficiency. tb =77 µsec are obtained at the second temperature stage TL=600 °C. Using the 

teff fit curves the recombination center density Nr and traps density Nt are 5.3x10
11

 cm
-3

 and 

1.0x10
14

 cm
-3

 respectively, proving a neutralization of the recombination electrical activity 

and the reduction of traps density.  

  

  

Keywords: Multicristalline Silicon, Gettering, Carrier Lifetime, Recombination, traps. 

 

NB. in teff and tb: (t) is in symbol character. 

5.3x10
11

 cm
-3

 : 11 and -3 are in exponential."  
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  In the present study the free vibration analysis of functionally graded rectangular 

nanoplates in thermal environment is investigated. The modified coupled stress theory based 

on the first order shear deformation theory has been used to obtain the natural frequencies of 

the nanoplate. Modified coupled stress theory is a non-classical theory. In this theory material 

length scale parameter is applied to capture the size effect of the microstructures which the 

earlier classical plate theories were not able to explain these effects. The functionally graded 

material properties are varied continuously and smoothly along the thickness. The Poisson’s 

ratio of the FGM plate is assumed to be constant in the whole plate. In order to validate the 

present method, the natural frequencies of the both functionally graded rectangular plate and 

rectangular nanoplates are compared with those are reported in the literature, separately. 

Finally, the effect of various parameters such as; the power law index, the thickness to length 

scale parameter ratio, aspect ratio, thickness ratio on the natural frequencies of plates in 

thermal environments with different temperatures are presented and discussed in detail.  
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In this work the structural and optical properties of TiO2:Al2O3 and Ti:Al2O3/SiO2 thin 

films were investigated with different compositions. The weight ratios of TiO2/Al2O3 

compositions are 1:20, 1:10, 1:5, 1:2, 1:1, 2:1, 5:1 and 10:1. Also the weight ratio of Ti:Al2O3 

and Ti:SiO2 compositions are 1:20, 1:10 and 7:20 respectively. The composite thin films 

prepared by Pulsed Laser Deposition method at room temperature and annealed at 200oC. 

The effects of weight ratio of TiO2/Al2O3 and Ti:Al2O3/SiO2 on transmission spectrum and 

band gap energy values were analysed. The elemental compositions of thin films were 

analysed using laser induced breakdown spectroscopy (LIBS). LIBS analysis were carried out 

using a 4,4 ns pulsed Nd:YAG laser runing at 20 Hz repetation rate and radiation emitted 

from thin films were recorded by BAKİ spectrometer. The structure and the optical 

characteristics were investigated using XRD, SEM, UV/Vis spectrophotometer.   
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Tissue engineering is an interdisciplinary field used for overcoming the deficiency of 

tissues and organs, and for restoring, maintaining, or improving their functions. One of the 

most common techniques is the seeding, culturing, and modulating of cells on three-

dimensional biodegradable scaffolds followed by implantation in vivo. Thus, the three major 

tissue engineering tools are cells, extracellular matrix, and biochemical factors. Among them, 

the extracellular matrix should be continuously developed to meet the property and 

production requirements of tuning their physical scaffolding properties, biochemical and 

biomechanical cues for tissue morphogenesis, differentiation and homeostasis as well as 

standardized processes of guarantying quality of the ECM products. We focus on developing 

clean plasma assisted production processes for multiphase nanostructured extracellular matrix 

which has ideally natural level of material compositions, topographical structures, and 

biophysical functional properties, particularly suggesting for treating injuries of nervous 

system. To mimic 3D structure of cell environment, production of conductive nanofiber will 

be developed by using multiphase electrospinning process. Further polymerization step will 

be achieved by low pressure clean plasma process, instead of conventional electrochemical or 

wet chemical methods which may leave toxic residues in the implantable ECM. Mouse 

brain/neuroectodermal NE-4C neural stem cells (NSCs) will be cultured on the Janus type 

multifunctional nanofiber matrixes. Their proliferation will be accelerated by electrical 

stimulation through electrically conductive phase of the nanofibers. Furthermore, cell 

modulating drugs such as ascorbate will be stored on the biodegradable portions of the fibers 

to enhance extracellular matrix production conformable to the shape of NSCs as well as their 

neural networks. The main objective of the research is to develop a clean plasma assisted 

process for producing conductive nanofibers that improve cell proliferation and ECM 

production. We aim to develop multiphase nanofibers composed of biodegradable 

polycaprolactone (PCL) or poly(vinyl alcohol) (PVA) and electrically conductive Polypyrrole 

(PPy) or Poly(3,4-ethylenedioxythiophene) (PEDOT). 

 

 *This research is submitted to Turkish-Korean Bilateral Project Program in 2014 
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Monoclinic yttrium tantalate (M`-YTaO4), yttrium niobate (YNbO4) and yttrium tantalate 

niobate (YTaxNb1-xO4) are efficient X-ray phosphors used in X-ray medical imaging, in which 

these phosphors are used in films/screen cassettes, and also in electronic detector systems 

such as computed radiography, computed tomography and fluoroscopy. Performances of 

these phosphors are related to composition, crystalline structure, surface properties and 

luminescence properties of films. In this study, yttrium tantalate niobate (YTa0.85Nb0.15O4) 

films were synthesized by five steps sol-gel spin coating route on single crystal silicon 

substrate. And then these films were dried at 120 
o
C and were sintered at 1200 

o
C for 4 hours 

and slowly cooled to room temperature. The obtained films were characterized by means of 

X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), scanning electron 

microscopy (SEM), atomic force microscopy (AFM), differential thermal analysis (DTA) and 

nanoindentation (with berkovich indenter). After sintering, monoclinic YTa0.85Nb0.15O4 phase 

was obtained.   
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As one of the most promising candidates for a diluted magnetic oxide material for 

spintronic and magneto optic applications, transition metal (TM) doped titanium dioxide 

(TiO2) has been extensively studied for last two decades. Up to date room temperature 

ferromagnetism (RTFM) has been reported for different types of TM dopants and also 

different types of preparation methods, such as ion implantation [1] or magnetron sputtering 

[2]. There is an ongoing debate on the origin of the observed ferromagnetic properties of 

TiO2, whether RTFM arises from unwanted clustering of the TM atoms, magnetic 

contamination from sample handling or the desired substitution of Ti by the TM dopants.  

We have investigated Mn implanted TiO2 films with respect to the effect of the crystalline 

structure of the pristine film on the magnetic properties of the doped films. The films were 

prepared by DC magnetron sputtering using a high purity oxygen deficient ceramic TiO2-x 

target in Ar/O2 atmosphere. SrTiO3 (100) single crystals were used as substrates. In order to 

achieve different structures of TiO2, namely amorphous, polycrystalline anatase and epitaxial 

anatase, different substrate temperatures and post-growth annealing were applied. The as-

prepared TiO2 samples have been implanted with Mn ions of 30 keV to 190 keV kinetic 

energy and variable fluence resulting in a homogenous Mn concentration of 5 at.% within a 

150 nm thin layer below the film surface. 

The structural changes upon implantation were followed by means of X-ray diffraction 

(XRD) measurements. Comparison of the diffraction patterns indicates ion-induced damage 

in the epitaxial film and the formation of Mn containing secondary phases in the 

polycrystalline material. Depth resolved defect concentration profiles of as-grown and Mn 

implanted films were determined by means positron annihilation spectroscopy (PAS) 

measurements based on Doppler broadening spectroscopy. Magnetometry measurements of 

Mn implanted films reveal ferromagnetism for amorphous and polycrystalline films whereas 

paramagnetism is observed for epitaxial films. The local environments of implanted Mn ions 

in different TiO2 structures were probed by X-ray absorption spectroscopy (XAS) in 

fluorescence mode. In summary, we have found a significant influence of the as-grown film 

structure on the magnetic properties of Mn:TiO2. During the presentation the PAS and XAS 

data will be discussed with respect to the presence of defects and secondary phases in the Mn 

doped TiO2 films.  
 
The work was supported by Initiative and Networking Fund of the German Helmholtz Association, Helmholtz-Russia Joint 

Research Group HRJRG-314, and the Russian Foundation for Basic Research, RFBR #12-02-91321-SIG_а.  

[1] V. Shutthanandan et al. Appl. Phys. Lett. 84, 22 (2004) 

[2] F.M. Liu et al. Nuc. Ins. and Met. in Phys. Res. B 267, 3104-3108 (2009)  
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Thin films based on nitrides of transitional metal produced by physical vapour 

deposition (PVD) techniques are extensively used for cutting and forming tools and wear 

applications, such as TiN. Recently, ternary nitride TiAlN is used to provide better properties 

to TiN. In fact, the addition of Al to TiN increases hardness, improves the oxidation resistance 

and decreases coefficient of friction.  

In this study, we present the effect of plasma deposition parameters on the 

characteristics of TiAlN thin films. The elaboration of our films has been carried out by RF-

Magnetron Sputtering (13.56 MHz) under argon and nitrogen atmosphere at low pressure and 

target of titanium aluminum. These films were deposited onto silicon, glass and steel 

substrates. We have studied the influence of different plasma deposition parameters on the 

properties of TiAlN thin films.  
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 Pulsed laser deposition (PLD) technique was used to grow thin films of commercial 

(Y-Gd)3Al5O12:Ce
3+

 (YGAG:Ce) phosphor on Si(100) substrates with a 266nm Nd-YAG 

laser. The effect of substrate temperature vis a vis laser pulse repetition rate on the structure, 

morphology and photoluminescent (PL) properties of (YGAG:Ce) thin films were 

investigated. In vacuum, the XRD profiles reveal no great change at 100 
0
C with varying 

pulse rates but shows that the material becomes amorphous at 200 
0
C and crystallizes at 300 

0
C substrate temperatures for 18000 pulses respectively favoring growth in the (420) 

direction. The PL intensities were found to increase with increasing substrate temperatures for 

films deposited in vacuum at 6000 pulse rate. However as the pulse rate was raised, the PL 

intensity dropped at 300 
0
C substrate temperature for 18000 pulse rate.   
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Modeling of Nanosecond Pulsed Electron Beam Ablation: Heating and 

Sublimation of a Graphite Target. 
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  Electron beam ablation is a complex process, which comprises heating, phase change, 

and removal of a fine fraction from the target surface. A two stage, one-dimensional heat 

conduction model is presented to describe the heating and sublimation of a graphite target 

upon interaction with a polyenergetic electron beam. The influence of the Knudsen layer just 

above the target surface during ablation is taken into account. In this work, the beam delivers 

intense electron pulses of 100 ns with energies up to 15 keV and an electric current of 400 A. 

The effect of the distance between the electron beam tube output and target surface on 

ablation is assessed. The fraction of beam electrons that are effectively used during ablation is 

accounted for through the efficiency factor. The temperature distribution, surface receding 

velocity, ablation depth, and ablation rate for the graphite target are numerically simulated by 

the finite element method. For an efficiency factor of 0.6, the simulation results indicate that 

the target surface can reach up to 7500 K at the end of the pulse duration. The surface begins 

to vaporize within 30 ns from the pulse start. Under the same process conditions, the surface 

ablation rate is about 4 µg/mm
2
. The results obtained by the model are compared with 

available experimental data in the literature. The estimated ablation rate is in good agreement 

with experimental data at lower efficiency factors.   
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Red Emitting Eu-doped YVO4 Thin Film Phosphors Prepared by PLD 
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The oxide thin film phosphors are highly attractive in use of the FED devices because 

of its advantages such as mechanical stability and better thermal. YVO4 has attracted great 

interested as an excellent laser medium and a host material of the rare earth ions for the 

phosphors. YVO4:Eu
3+

 is one of the leading red phosphor materials for LEDs. Eu–doped 

YVO4 phosphors have been deposited on silicon substrate using pulse laser deposition (PLD) 

technique. In this report the films were grown at the various substrate temperatures and 

oxygen pressure. The substrate temperatures were changed from 100 to 300 
o
C. The structural 

characterization and the surface morphology of the YVO4:Eu
3+

 thin films were investigated 

using the X-ray diffraction (XRD), scanning electron microscopy (SEM) and atomic force 

microscope (AFM). The results of XRD results of XRD showed that the films were 

preferentially oriented at (200). AFM revealed the consisted of homogeneous grains. The 

photoluminescence spectra were measured using Cary Eclipse Fluorescence 

spectrophotometer. YVO
4
:Eu

3+
 has the strong red emission peak at 619 nm corresponding to 

5
Do-

7
F2 transition, by the energy transfer to Eu

3+
 ion following absorption of UV light in the 

VO4
3-.

 The crystallinity, surface morphology and photoluminescence spectra of the thin-films 

were observed to depend on the deposition conditions.  
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Measurement and simulation of point defects and trapping centers in 

lightly B-doped silicon for photovoltaic application 
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In this work, conductivity measurements were performed in a wide temperature range 

(120 < T < 420 K) to microcrystalline silicon thin films boron compensated. It was observed 

that all curves are determined by two slopes that characterize the regions of high (T > 300 K) 

and low temperatures (T < 300K). It was established that the linear behavior for the region of 

T < 300 K is related to intrinsic defects in the material, while low-temperature region is 

mainly due to extrinsic vacancies in the material. From the ratio of Arrhenius activation 

energies were ob-tained from each of the samples. It was observed, that the transport for the 

high temperature region has a thermally activated behavior with single activation energy. We 

present a simulation of the variation of conductivity considering the presence of inherent 

defects in material and those introduced from impurities. The trap parameters and trapping 

centers have been determined by various methods of analysis, and they agree well with each 

other. There was a good fit between the curves of simulated and experimentally obtained 

conductivity for all samples of Si.  
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Characterization of VO2 Films by X-Ray Photoelectron Spectroscopy (XPS) 
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Vanadium oxide (VO2) is the superior material with its property of metal-insulator 

transition (MIT) at about 68 ºC accompanied by a structural phase transition from low-

temperature monoclinic to high-temperature tetragonal rutile (R) phase [1]. In addition, MIT 

characteristics induced by electric field (E-MIT) is attracting considerable attention to VO2 for 

applications to ultrafast switching, thermal relay device, and optical storage elements.  

Owing to these applicabilities, in this study, VO2 films were grown on sapphire 

(Al2O3) by radio frequency reactive magnetron sputtering technique. The crystalline structure 

of VO2 samples were analyzed by X-ray diffraction (XRD). The chemical composition and 

atomic concentration were examined in detail with X-Ray Photoelectron Spectroscopy (XPS). 

The characteristic peaks belong to VO2 were searched with Raman Scattering technique. The 

detailed results were under investigation.  

 

 

This research is supported by TÜBİTAK (The Scientific and Technological Research Council 

of Turkey) with project number 113F349. 
 

[1] W.W. Li, J.J. Zhu, J.R. Liang, Z.G. Hu, J. Liu, H.D. Chen, and J.H. Chu, J. Phys. Chem. 
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Growth and Characterisation of Electrodeposited ZnO Thin Films 
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The electrochemical method has been used to deposit zinc oxide (ZnO) thin films from 

aqueous zinc nitrate solution at 70 °C onto indium thin oxide (ITO) coated glass substrates. 

ZnO thin films were grown between − 0.500 and − 1.5 V vs SCE as established by 

voltammogram. The as-prepared nanostructured ZnO was characterized by X ray diffraction 

(XRD), scanning electron microscope (SEM) and for its structure and surface morphology. 

XRD results showed (002) oriented ZnO seed layer growth. Surface morphology study 

revealed the cluster of ZnO nanocrystals with hexagonal shape. The ZnO nanostructures 

prepared under the optimized growth conditions showed an intense UV emission as confirmed 

by photoluminescence spectroscopy, thus demonstrating the formation of defect free 

structure. 

 

Keywords: Electrodeposition; ZnO; X-ray diffraction; Photoluminescence; Morphology. 
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Structural and Magnetic Properties La0.7Sr0.3MnO3/LaNiO3 Superlattices 

Prepared by RF Sputtering 
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 Magnetic oxide superlattice films have caused much intensive research for their 

technological use in magnetic recording media and sensors. In tis work, we have grown the 

symmetry La0.7Sr0.3MnO3/LaNiO3 (LSMO/LNO) superlattices on (001) SrTiO3 substrate 

by rf sputtering. X-ray diffraction measurements show the superlattice films deposited at a 

higher temperature have a more greatly strained state and better crystalline quality than for the 

films deposited at a lower temperature. However, the superlattice would produce the self-

organized grains when the deposition temperature reach as high as 750℃. From magnetic 

hysteresis loops, the coercive field (Hc) and magnetocrystalline anisotropy can be seen as 

strain dominated due to lattice distortion, except for the superlattice films deposited at 750℃. 

The self-organized grains exhibit unique magnetic properties from others such as higher 

saturation magnetization and more square like the shape of hysteresis loops.  
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Effect of Hydrogen on the Properties of Hydrogenated Amorphous Silicon 

Carbide (a-SiC:H) Thin Films, Studied by FTIR and Spectroscopic 

Ellipsometry. 
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In this work, we have deposited the hydrogenated amorphous silicon carbide (a-

SiC:H), by DC magnetron sputtering, to investigates the effect of the hydrogen content on the 

optical and stochiometric properties. In this purpose, a serie of samples was deposited at a 

constant optimum temperature, at 300°C, with varying hydrogen flow during the growth of 

layers. The samples have been extensively investigated by different technique such as Fourier 

Transform Infrared (FTIR) absorption, spectroscopic ellipsometry and electrical 

measurements. The concentration of hydrogen was determined from FTIR spectra, whereas 

spectroscopic ellipsometry has been proven to be an important tool for the determination of 

several parameters of a-SiC:H films, so we used the Tauc-Lorentz model to the interpretation 

of the results of ellipsometry, where they correspond to those of the optical transmission and 

they have a correlation with the results of corresponding FTIR spectra, we noticed that the 

optical bandwidth (Eg) of the film increases from 1.6 eV to 2.3 eV with the increasing in 

hydrogen content, even the hydrogen content has influenced the electrical behavior of the 

material.  
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This work presents results about of synthesis and characterization of polycrystalline n-

type Bi2S3 thin films. The films were grown by a chemical reaction from co-evaporation of 

their precursor elements on a soda-lime glass substrate. The effect of the experimental 

conditions on the optical, morphological structural properties, the growth rate and the 

electrical conductivity  was studied through spectral transmittance, X-ray diffraction (XRD), 

ively. The results 

showed that, the films grow only in the orthorhombic Bi2S3 bismuthinite phase. It was also 

found that the Bi2S3 films present an energy band gap (Eg) of about 1.38 eV, regardless of the 

thickness of the samples. In addition to these results, the electrical conductivity of the Bi2S3 

films was affected by both the transport of free carriers in extended states of the conduction 

band and for variable range hopping transport mechanisms, each one predominating in a 

different temperature range.  
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Conversion treatment of thin chromium layers deposited on high carbon 

steel substrates 
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The use of transition metal carbides as material coatings to improve the mechanical 

and chemical properties of mechanical parts has shown a large and extensive development. 

Among these metal compounds, chromium carbides film which has a better chemicals and 

mechanicals properties can be used as candidate for this purpose. Coatings of chromium 

carbide films deposited by different deposition techniques including chemical and physical 

vapour deposition present a low adhesion to their substrates which is considered as 

disadvantage.  

The aim of the present paper is to obtain chromium carbide thin film having a better 

mechanical behaviour by annealing treatment of chromium films deposited on high carbon 

steel substrates. In the first step of this study, high carbon steel substrate is covered with a 

pure chromium thin layer deposited by electrolytic method. In the next step, samples (layer / 

substrate) were exposed to annealing at different temperatures ranging from 400°C to 1200°C 

in steep of 100°C. The structure and morphology of the layers were investigated respectively 

by X-ray diffraction and scanning electronic microscopy. The adhesion and hardness of films 

were measured by means of a scratch tester and microhardness tester.  

It was observed that the film was totally, partially or not transformed into chromium 

carbide, depending on heat treatment temperature. The transformation of chromium layer in 

chromium carbide takes place firstly at the interface between the film and the substrate, then it 

expands through the whole film thickness, toward the outer surface, by diffusion of carbon 

coming from the substrate. As a result, complete transformation of the chromium film in 

chromium carbide is obtained when an annealing temperature of 1200°C is used. A higher 

adhesion and hardness, is found for this coating if compared to the one obtained on samples 

treated at lower temperatures and to other literature data on coatings having similar thickness 

and composition. 
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Plasma Chemical Deposition of Nancomposite Polymer-based Coatings 

with Controlled Release of Biocide Agents 
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The composite blends and layered polymer-biocides coatings were deposited from 

active gas phase formed by electron beam dispersion of polymer and biocide agent in 

vacuum. Antimicrobial substances (ciprofloxacin) and silver nanoparticles were used as 

biocide agents. Polyurethane (PU) and poly(L-lactic acid) (PLLA) were used as matrix 

material of coatings. 

The morphology, molecular structure, biocompatible and antibacterial properties of 

synthesized coatings have been studied. The ciprofloxacin and silver release experiments 

were performed on the titanium substrate by washing them in phosphate buffered saline for a 

period of 6 days. Influence of substrate plasma pretreatment, thickness and kind of polymer 

matrix onto drug release rates were evaluated to predict and understand formation of thin 

delivery systems with prolonged effect."  
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The accurate determination of hydrogen peroxide (H2O2) plays an important role in 

many fields including industry, clinical control and environmental protection. In this work, 

one kind of surface modification method on porous silicon wafer was proposed by chemical 

silanization using 3-aminopropyltriethoxysilane (APTES) to immobilize horseradish 

peroxidase (HRP). The silanization was carried out by the formation of Si-O-Si covalent bond 

via the reaction of the Si-OH surface with silane groups. The resulting surface is covered by 

amino groups that could react with terminal acid groups on the enzyme after their 

transformation to succinimidyl ester termination. This reaction, called activation, is achieved 

using N-hydroxysuccinimide (NHS) in the presence of the water soluble N-ethyl-N’-(3-

dimethylaminopropyl)-carbodiimide (EDC). The enzymatic activity of immobilized HRP was 

determined by a colorimetric test based on the HRP-catalyzed oxidation of 2,2'-azino-bis(3-

ethylbenzothiazoline-6-sulfonic acid (ABTS) in the presence of hydrogen peroxide (H2O2). 
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The reliability of the biochips device strongly depends on the control of the 

immobilization of biological probes on the solid surface. From this viewpoint, covalent 

immobilization of the probes has been recognized as an attractive strategy , since it offers the 

best performance in terms of stability and can be made reproducible with a high yield. Many 

aspects of covalent probe immobilization procedures are common to all of the above-

mentioned biochipes. In this work, it was reported the functionalization of porous silicon for 

Acetylcholinesterase immobilization. Porous silicon surfaces were first hydroxylated with 

hydrofluoric/nitric acid (HF/HNO3), followed by silanization with APTES, the AChE 

enzymes were dissolved in PBS x1 then mixed with EDC (1-ethyl- 3-[3-

dimethylaminopropyl]carbodiimide hydrochloride) and NHS (N-hydroxysulfosuccinimide) 

solution to activate the terminal acid groups on the enzym and finally incubated with silanized 

surfaces.the morphologie of elaborated porous silicon were characterized by scanning electron 

microscopy. The infrared spectroscopy (FTIR) and contact angle measurements were used to 

investigate the different steps of functionalization. The enzymatic activity of immobilized 

AChE were determined with a colorimetric test based on the AChE catalyzed the substrate 

acetylthiocholine, the thiolate produced will then be reacted with 5,5'-dithiobis(2-nitrobenzoic 

acid) to produce a colored product. 

 

Thin Films in Biology 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Science and Applications of Thin Films, Conference & Exhibition (SATF 2014) 
Çeşme, Izmir, Turkey, September 15 to 19, 2014 

211 
 
 

 

PA101 

Synthesis of (CH3NH3)PbI3 Organic/inorganic Hybrid Perov-skite on TiO2 

Nano-structure Layer for Solar Cell Application 

 

Hamid-Reza Bahari
1
, A.A. Umar

2
, M.M. Salleh

2
 and R. Turan

1
 

 
1
Center for Solar Energy Research and Applications (GÜNAM) and Department of Physics, Middle East Tech-

nical University (METU), 06800 Ankara, Turkey 
2
Institute of Microengineering and Nanoelectronics (IMEN), Level 4, Research Complex, National University of 

Malaysia (UKM), 43600 Bangi, Selangor, Malaysia 

 

Email of corresponding author: hr.bahari.59@gmail.com 

 

Recently discovered perovskite solar cells, using methylamine lead iodide provskite material 

as the heart of the solar cell, shows a great potential for next generation of cheap and efficient 

photovoltaic cells (Heo et al.; 2013). In the suggested solar cells, the perovskite material 

normally combined with mesoporous TiO2 as cathode material contacted to a conductive glass 

such as FTO or ITO coated glass. Although, in some interesting reports Al2O3 (as electron 

blocker) (Lee et al.;2012) or ZnO (Liu and Kelly, 2013) are used in mesoporous form or thin 

dense film; but, still fabrication of these kind of solar cells by using of mesoporous TiO2 

layers absorbs interest of many research groups. In this regard, fabrication of mp-

TiO2/peroveskite layers such that the incorporation material with highest effective contact is 

of great interest. In this report we investigate two-step deposition technique for fabrication of 

mp-TiO2/CH3NH3PbI3 on ITO coated glass. The mp-TiO2 is provided by liquid phase 

deposition (LPD) method for synthesis of TiO2 nanograss. The perovskite is synthesized by 

deposition of 1 molar PbI2/DMF solution on TiO2 nanograss layer and dipping into different 

CH3NH3I2 solutions. In this research, morphology, crystallization and optical properties of the 

layers were investigated. Hexagon sheets or polyhedron structures of provskites with different 

crystallization and different light harvesting capability were found. In summary, we found 

that perovskite material synthesized by using of methylamine iodide diluted by ethanol shows 

quite better nanoscopic in-corporation with TiO2 nanograss layer (Figure 1). In addition, 

photoluminescence (PL) spectra show lower emission intensity for sample dipped in ethanol-

diluted methylamine iodide solution that is related to better electron transfer to TiO2 

nanograss after exiting the lowest exciton energy of 3D perovskite material. 

 

Keywords: Organic/inorganic provskite materials, TiO2 nangrass meso/nanoporous layer, 

Solar cell application, Surface morphology, Optical properties. 

  

<Fig.1> Fig1: FESEM image illustrating perfect incorpo-ration of CH3NH3PbI3 perovskite 

material (prepared by ethanol diluted solution in room temperature) with TiO2 nanograss (the 

bar bellow the figure is shows a 100 nm). White needle like materials are TiO2 nanograss, 

while the grey covering is related to provskite (Arrows are drown to guide the eye). Merging 

of two materials in nanometric level can be seen in this figure. 
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 Zinc oxide (ZnO) is a II-VI semiconductor with a direct band gap of 3.37 eV at room 

temperature. It has diverse fields of application owing to its electronic band structure and 

crystal structure, which results in interesting electrical, optical, and structural properties. In 

this work, we investigated the effect of gallium doping on the electrical and optical properties 

of high purity (99.99%) ZnO thin films. ZnO thin films with varying Ga concentrations were 

grown on glass substrates via RF magnetron sputtering. They were then treated in %10 

(NaOH)aq solution at different temperatures and during varying time intervals in order to 

enhance their electrical conductivity, optical transmission, and structural stability. FTIR, 

Raman, and UV-VIS-NIR spectroscopies were used for optical characterization, 4-point probe 

and Hall mobility were employed for eletrical studies, and XRD, AFM, and SEM were used 

for structural characterization. After some initial analyses, optimum values of Ga dopant 

amount, the temperature and duration of (NaOH)aq treatment were assessed by systematically 

changing the growth parameters for repetitive growths. This work was primarily conducted to 

produce a TCO (transparent conducting oxide) material that is relatively cheap and having the 

most desirable optical, electronic and structural properties (mainly; a ‘high optical 

tranmission’ in the visible range with a ‘good electrical conductivity’ and structural durability 

for organic photovoltaic cell applications.  
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The current transport mechanisms in thin film CdTe/CdS solar cells have been studied 

extensively in the literature. Several models have been proposed to explain temperature 

dependent current – voltage (I-V) characteristics of these cells. In this work, we have 

investigated the dark forward current transport mechanism in CdTe/CdS solar cells treated 

with CdCl{2} at different annealing durations. All I-V characteristics have exhibited a clear 

rollover behavior at voltages approximately greater than 0.6V. This was explained by the 

blocking effect of the back contact. Recombination at heterojunction interface was found to 

be the dominating route for the current transport at temperatures above than 200K. However 

at temperatures lower than this value, a tunneling type mechanism was determined.  
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Potential of silicon sub-oxides (a-SiOx:H, x<1) for increasing the efficiency and 

decreasing the optical loses in silicon heterojunction solar cells was investigated by utilizing 

then as front intrinsic buffer layer and emitter layer. Development of cell characteristics was 

detected through I-V and QE measurements. The evolutions of the hydrogen content and 

hydrogen bonding configurations in the films were monitored by attenuated total reflection 

infrared spectroscopy (FTIR-ATR). Despite the observed QE improvement in cells with sub-

oxides, standard cells show higher efficiency at STC. On the other hand, cell with silicon sub-

oxides possesses high efficiencies at higher temperatures.   
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Zinc oxide material is widely used in all photo electronic devices especially 

photovoltaics, in both organic and non organic solar cells. 

The present work focus on the study of the structural and optical properties of tin 

doped zinc oxide ZnO:Sn and undoped zinc oxide ZnO deposited by spray pyrolysis 

technique. 

A variation in zinc acetate concentration has been made. Two values have been taken 

0.4 mol/l and 0.5 mol/l. Doped zinc oxide layers have realized by adding SnCl4 in the sprayed 

solution. 

After that, many characterizations have been carried out like X-ray diffraction method 

for structural properties and spectrophotometry for optical properties. 

For 0.4mol/l zinc acetate precursor concentration, a high cristallinity for tin doped zinc oxide 

layers compared to undoped ones, while in 0.5 mol/l zinc acetate the inverse occurs between 

doped and undoped layers. 

It has been found that for both zinc acetate concentrations, tin doping shifts energy gap 

to lower values. While temperature substrate increases energy gap from 3.29 eV at 400°C to 

3.10 eV at 500°C. 
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Photoemission electron microscopy (PEEM) was used as spatially resolving method to 

explore the effect of electrochemical pumping with a positive voltage to porous platinum 

electrodes interfaced as working electrode to yttrium stabilized zirconia (YSZ). The 

experiments were conducted under UHV conditions (p≈ 10
-9

 mbar). In PEEM a uniform rapid 

darkening of the Pt surface was observed during anodic polarization followed by the 

appearance of a bright spots on a dark background. The bright spots observed in PEEM 

images are due to zirconia reduction around electrically isolated Pt islands. 
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Cadmiium zinc telluride (CZT) thin films of varying thickness 900 nm to 1200 nm 

have been deposited on to a glass substrate using multilayer method under vacuum. In the first 

step, cadmium telluride (CdTe) was deposited on to an ultrasonically cleaned glass substrate. 

And in next step zinc telluride (ZnTe) thin film was evaporated on to a CdTe thin film to 

make cadmium zinc telluride (CZT). After fabricating CZT of desired thicknesses, selected 

samples were annealed under vacuum to optimize the annealing temperature for better 

structural and optical properties. The conditions of growth and annealing played an important 

role on crystallite size in structural analysics and optical properties e.g. transmission, energy 

band gap etc.The crystallite size of as deposited CZT thin films were estimated 35 to 50 nm 

for different thicknesses also after annealing it was upto 60 nm. The value for energy band 

gap varies from 1.48 eV for as deposited CZT samples. These changes were occurred due to  
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To improve the efficiency of photo-thermal collectors, development of spectrally 

selective solar absorbers with good performance, durability and reproducibility is of prime 

importance. Especially at high temperature, thermal stability and microstructure are critical to 

enhance the operating temperature, and withstand the degradation performance. Spectrally 

selective Pt-Al2O3 cermet nanocoatings were deposited onto Mo coated stainless steel 

substrate by using planar radio frequency sputtering technique. The microstructure and optical 

properties of the coatings as deposited were reported in the previous work. In this 

contribution, the studies were carried out to access the high temperature (above 400
o
C) 

thermal stability of Pt-Al2O3 selective solar absorber nanocoatings with and without Al2O3 

antireflection layer. The coatings were annealed at different temperatures for 2 h in vacuum. 

The samples were characterized by X-ray diffraction (XRD), scanning electron microscopy 

(SEM), energy dispersive x-ray spectroscopy (EDS), Atomic force microscopy (AFM), 

Raman spectroscopy, UV-vis spectrophotometer and emissometer. The selective Pt-Al2O3 

cermet solar absorber nanocoatings with Al2O3 protective layer were found to be stable up to 

800oC, having spectral selectivity of 0.95/0.1. However, the coatings without Al2O3 

protective layer showed a decrease in solar absorptance from 0.93 to 0.91 and thermal 

absorptance from 0.17 to 0.16 after heating at 600
o
C, which is attributed to the oxidation of 

the surface, and diffusion of the layers.  
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The most interesting potential applications for TCO (e.g. ITO and SnO2) include 

photovoltaic cells on flexible and transparent substrate. 

The synthesis of these two oxides was performed using rf magnetron sputtering 

deposition method on flexible substrate from individual pure targets, that allow for thin films 

with a good stoichiometry to be obtained. 

ITO and SnO2 thin films were characterized using SEM, XRD, and AFM techniques. 

Optical and stoichiometric characterization were also realized in order to identify the 

composition, structure and their quality as transparent and conductive contact electrodes. 

Surface topography of the thin films was investigated by atomic force microscopy. 

Topography analysis indicate a smooth surface and a roughness of the order of nm, for the 

given samples. 

Polycrystalline ITO and SnO2 samples, deposited at room temperature are transparent 

with a transmission coefficient ranging between (80-90%) in the VIS and NIR. 

Based on transmission spectra, optical parameters (i.e. absorption coefficient - α, extinction 

coefficient - k, and refractive index - n) were calculated; respectively the optical bandgap 

width of the TCO samples was computed. 
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Thin films of indium selenide (In2Se3) used in this work have been prepared by 

thermal vacuum evaporation from a single source onto soda-lime glass substrates. High 

purety (99.9995%) In and Se were weighed according to the stoichiometric molar ratio. 

Layers were obtained at various substrate temperature (ambiente, 100 °C, 200 °C and 300 

°C). The layer thickness of In2Se3 and evaporation rates were measured in situ by an h.f. 

quartz monitor and is ajusted about 260 nm for all samples. 

The X-ray diffraction (XRD) patterns of In2Se3 thin films exhibits strong (301) 

preferred which correspond to β-In2Se3 phase, but at 300 °C a change in phase (α- In2Se3) 

have observed. The morphology of the films has been observed by scanning electron 

microscopy (Fig.1). The surface and cross section of a film at ambient temerature provide 

evidence that the films are very homogeneous, have a good adherence to the substrate. The 

EDS results exhibit that all samples have a quasi-stoichiometry atomic composition. 

Electrical parameters of In2Se3 films deposited at different various subtrate 

temperatures were carried out with HMS5300 Hall effect system. All samples were n type. 

The electron concentration of films is about 6,53.1018 cm
-3

, aresistivity of 9,73.10
-2

 Ω.cm and 

a mobility of 9,82 cm
2
V

-1
s

-1.
 

The energy band gap was estimated by a plot of Tauc assuming a direct permitted 

transition and fitting the absorption coefficient a on a range about (αhν) 2≈3.1011 (eV/cm)
2 

(Fig.2). The values of band gap were between 2.10 and 2.53 eV.  
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  In2S3 thick films have been grown on glass substrates using spray pyrolysis technique. 

The deposition was carried out in a 613-773 K range of substrate temperature. Compressed 

nitrogen was used as a carrier gas. Optical properties of these films have been studied. These 

properties are related to the substrate temperature. Optical transmission and reflection 

measurements were carried out at room temperature in the wavelength range from 350 to 

2800 nm. Optical transmission of 80 % has been achieved in the visible spectrum. In2S3 band 

gap energy in the range of 2,33–2,65 eV has been found. 

The static refractive index n, the oscillation energy gap E0 and the dispersion energy 

Ed were determinated using the Wemple-Didomenico model. The complex dielectric 

constants of In2S3 films have been calculated in the investigated wavelength range. It was 

found that the refractive index dispersion data obeyed to the single oscillator of the Wemple–

Didomenico model, from which the dispersion parameters, the oscillation energy values and 

the high-frequency dielectric constant were determined. These films can be used as an optical 

windows in photovoltaic devices. 
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Highly transparent conducting Al-doped ZnO films with good adherence and low 

resistivity have been prepared on flexible substrates and soda-lime glass substrates using radio 

frequency (RF) reactive magnetron sputtering at various O2:Ar ratio. Stable polycrystalline 

conducting ZnO:Al films having a highly preferred orientation (002) of the c-axis 

perpendicular to the substrates were obtained with low resistivities in the range of 1,81.10
-2 

ohm.cm to 7,64.10
-2

 ohm.cm, carrier densities more than 1021 cm
-3

 and Hall mobilities 

between 5.3 and 12.2 cm
2
V

-1
s

-1
 . The average transmittance exceeded 80% for all films in the 

visible spectrum. The quality of obtained films depended on sputtering power, O2 pressures 

and compositions of used targets during film fabrication.  

     

 

  

 

Thin Films in Photovoltaic Cells and Energy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Science and Applications of Thin Films, Conference & Exhibition (SATF 2014) 
Çeşme, Izmir, Turkey, September 15 to 19, 2014 

223 
 
 

 

PA113 

Investigation of Si/ZnSnTe Heterojunction Growth and Device Properties 
 

Hasan Huseyin Gullu
1
, Arezoo Hosseini

1
, Emre Coskun

1
, Mehmet Parlak

1
, Cigdem Ercelebi

1
 

 
1
METU, Department of Physics, 

 

E-mail of Corresponding Author: hgullu@metu.edu.tr 

 

The material properties of ZnTe, which belongs to the family of II–VI semiconductor 

compounds has attracted extensive research due to its optoelectronic and photovoltaic 

applications. In addition to the investigations on light emitting diode, photo-detector, THz 

emitters and detectors, there have been thin film applications in the field of solar cells. Direct 

band gap and high absorbance characteristics of this structure result in its thin film and Si 

based hetero-junction applications. Among these properties, in general ZnTe shows a p-type 

conductivity with a nature of high electrical resistivity. Therefore, to increase the conductivity 

values, doping process is required with an element such as In, Sn or Cu. 

In this study, ZnSnTe thin film were deposited on n-type Si (111) mono-crystalline 

wafers having 1-3 Ω.cm resistivity and 600 μm thickness by sequential-sputtering from 

compound targets of SnTe and ZnTe. During the deposition process, the substrate temperature 

was kept at about 300°C.  

Energy dispersive X-ray spectroscopy, X-ray diffraction, transmission and 

conductivity measurements were carried out to determine the film properties of the deposited 

ZnSnTe layer. 

To identify the possible conduction mechanism and device parameters of the Ag/n-

Si/p-ZnSnTe/In heterojunction diode structure, the temperature dependent current-voltage (I-

V) characteristics of the heterojunction were measured and studied in the temperature range of 

220–360 K. This p-n junction showed a good diode behavior with rectification ratio of two 

orders magnitude. The diode series and shunt resistance values were obtained from the dark I-

V measurements about 10
3
 Ω and 10

5
 Ω respectively, depending on the sample temperature. 

Under this characterization, the ideality factor and the barrier height values of the diode were 

determined by performing different I-V plots. 
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Investigations show that the world will be dependent on fossil fuels for energy generation for 

at least the next 20 years. A reasonable solution to overcome this need is the use of renewable 

energy sources, like solar energy, that could in principle, fulfill our energy requirements with 

clean procedures and low prices [1-3]. The development of photovoltaic devices based on 

organic materials, suitable to convert solar energy into electricity is a challenging research 

field for many scientists around the world. In this study, aluminium doped zinc oxide 

nanostructures were prepared using microwave oven. ZnO nanostructures were synthesized 

from both zinc acetate and zinc nitrate precursors. All Al doped ZnO nanostructures were 

characterized by means of XRD and SEM techniques. The aluminium was doped to ZnO 

nanostructures with different concentrations. Dye sensitized solar cells were fabricated and 

characterized using aluminium doped ZnO nanostructures. 
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 Thin films of Sb2S3 have been prepared by spray pyrolysis technique. Thiourea 

(CS(NH2)2) and Antimony Trichloride (SbCl3) have been used as starting chemicals for the 

thin films preparation. The film surface morphology has been analyzed using the AFM 

(Atomic Force Microscope) and revealed that crystallites of average size of 620 nm compose 

the films of Sb2S3. Raman vibration mode assignments confirmed the identification of the 

Sb2S3 phase for the prepared thin films and revealed that their Raman spectra are roughly 

dominated by stretching vibration modes (Sb-S). The optical constants analysis of the 

prepared films gave 1.78 eV as a value of the optical band gap and confirmed the ionic 

character of the Sb2S3 material.  
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Due to the increasing demand for natural source and costs of materials for electricity, 

it is inevitable transition to renewable energy to satisfy the global energy demand. Nowadays, 

the photovoltaic cell is the most popular and promising segment of renewable energy. The 

thin film solar cell technologies receive increasing interest from the photovoltaic industry 

because of their potential producing low cost electricity compared to wafer based crystalline 

Si technologies. Cu2ZnSnS4 (CZTS) absorber layer attracts so much attention in photovoltaic 

industry since it contains earth abundant, low cost and non-toxic elements contrary to other 

chalcogenide based solar cells such as CuIn(Ga)(S,Se)2 (CIGS) and CdTe. According to 

Shockley–Queisser theoretical calculations, 30-32 % conversion efficiency is expected from 

CZTS solar cells [1]. Although, CZTS studies have been newly started yet, recently 11.1 % 

efficiency has been achieved [2]. The main intention of this work is to analyze the influence 

of sulphur in the precursor on efficiency of solar cell. Therefore, one series of CZTS with 

precursors that only contained metals (Sn/Zn/Cu precursors) and one series of CZTS with 

precursors that has an additional content of sulphur (Sn/ZnS/Cu precursors) were performed 

and compared. It was asserted that sulfur introduction in the precursors using sulfur-

containing targets ensures uniform and more dense layers due to less diffusion of sulphur into 

the film during the sulfurization process. In all RAMAN plots nearly pure kesterite CZTS 

structure’s vibration modes are clearly depicted. We observed more intense peaks for CZTS 

with Sn/ZnS/Cu precursors for RAMAN spectroscopy graphs. Moreover, optimum growth 

parameters for CdS, ZnO and ITO layers were determined. For the transmission graph of 

CdS-ZnO-ITO trilayer, we observed that high percentage of the incoming light can reach the 

CZTS absorber layer. As a future work, CdS, ZnO and ITO layers will be deposited on CZTS 

absorber layers with different precursors and the influence of sulphur in the precursor on 

efficiency of solar cell will be analyzed. 

 

[1] W. Shockley and H.J. Queisser, J. Appl. Phys. 510, 32 (1961). 

[2] T. Todorov et al., Adv. Energy Mater 3, 34-38 (2012). 
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Recent problems on energies and environments request a new system for providing an 

environment friendly and safe energy source instead of fossil fuel. For this reason, organic 

solar cells have attracted global attention as its promising candidate [1, 2]. Bulk 

heterojunction solar cells have attracted considerable attention in the past years owing to their 

inexpensive, lightweight and flexible production [3-4]. 

Inverted bulk heterojunction solar cells are great of interest in recents years because of 

their stability and lifetime according to normal type bulk heterojunction solar cells. In this 

study, solution processed P3HT:C60 blend were prepared in different ratios. Solution 

processable ZnO cathode layer is used as electron collecting electrode. And bulk 

heterojunction solar cells were tested in two different ZnO cathode layer. Single and double 

layered ZnO cathode layers were prepared two methods. One of them, nanoporous single 

layer ZnO that prepared from Zn
2+

 and HO
-
 solution system. And the other one was double 

layered ZnO cathode layer that prepared from Zn
2+

 and HO
-
 solution onto ZnO backing layer 

system. All processes were carried out using spin coating techniques. Bulk heterojunction 

solar cells were characterized using different blend ratios of P3HT and C60. Nanostructured 

morphologies of ZnO cathode layers and P3HT:C60 films were investigated by means of 

Atomic Force Microscopy, which are correlated with device performance. Better device 

performance is observed in a double-layered ZnO cathode electrode layer/P3HT:C60/Gold 

device configuration.  

 

Keywords: Inverted bulk heterojunction solar cells, ZnO cathode layer, Energy,  

 Poly(3- hexylthiophene) , C60  
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Recently oxide phosphors have gained much attention because of the variety of 

materials available and chemical stability as compared to sulfide phosphors. Y3Al5O12:Ce
3+

 

(YAG) crystal is an excellent host material which is able to compatibly accept divalent and/or 

trivalent activators from both rare earth and transition metal groups. It is well known that 

YAG is a highly efficient yellow phosphor. However, these phosphors in the form of thin 

films have not yet been fully realized due to technical difficulties. We prepared thin film type 

YAG phosphors on silicon (110) substrate using a pulsed laser deposition technique. The 

luminescent and structural properties of thin film phosphors were monitored as a function of 

key processing parameter which is the deposition temperature. The surface morphology of the 

grown thin films was strongly affected by the growth temperature. Electron diffraction 

spectroscopy confirms the presence of the Y, Al, O, and Si. Even though we could not obtain 

homogenous phases, by optimizing processing parameters, thin films with large homogenous 

areas and a high photoluminescence could be produced. XRD measurements revealed 

Y3Al5O12 structure when grown at temperatures from room temperature to 750 °C, however, 

other phases such as Y4Al2O9 and YAlO3 are observed as impurities. The PL results, which 

are in good agreement with the XRD data, showed that Y3Al5O12 phase was relatively 

dominant in the film deposited at 750 ºC, so emission spectra is strong at around 570 nm.
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Barium zirconate-cerate co-doped with Y and Yb (BZCYYb) electrolyte thin films for 

the intermediated temperature SOFC application were fabricated by electron beam vapor 

deposition method. The influence of annealing temperature, film thickness, and electrolyte 

composition on the structural and electrical properties of the BZCYYb thin films was 

examined. The crystal structure of the electrolyte films was analyzed by an XRD. 

Microstructure of the thin films was observed by a FESEM. The electrochemical properties of 

the thin films were analyzed using a 2-probe AC impedance method using an impedance 

analyzer. We obtained uniform and crack-free BZCYYb electrolyte thin films with a 

thickness of about 1-3μm. 

 

Keywords: SOFC, E-beam deposition, BZCYYb 
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 Nowadays, photovoltaic systems have been a new promising solution for energy need 

increasing every day. Thin film panels use in Turkey, as it is in the world, is increasing with 

each passing day. The main objective of this study is the modelling, performance and cost 

analysis of a photovoltaic generator of 3.6 kW working since 2010 in Kahramanmaras where 

there is relatively high solar radiation in the most part of a year.  
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This study describe a low cost system to measure current and power-voltage 

characteristics of photovoltaic (PV) silicon solar panel under natural conditions based on 

LabVIEW software. The desired parameters of PV panel including irradiation, temperature, 

short-circuit current, open-circuit voltage are calculated. The characteristics of the solar panel 

have been drawn quickly using the MOSFET as an electronic load. The new developments of 

this work include the Arduino to acquire the values of current and voltage from the solar 

panel under test and transfer it to a supervisory computer. All details of the electronic circuit 

are shown in this paper and experimental results obtained are presented. 
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Recently, hydrogenated amorphous silicon carbide (a-SiC:H) has attracted much attention 

because of its potential applications in many kinds of optoelectronic devices, such as solar cells, 

sensors (optical, color), light-emitting diodes. This is due to its wide band gap with excellent 

properties such as high electron mobility, high thermal conductivity, high melting point. Furthermore, 

the significance of this material is that its electrical and optical properties can be controlled by the 

optimization of the deposition condition. 

The main idea of the present work was prepared Hydrogenated amorphous SiC films (a-

SiC:H) by DC magnetron sputtering technique on p-type Si and corning 9075 substrates to facilitate 

different characterizations by using of silicon carbide target (6H–SiC) at different temperature. The 

pressure in sputtering chamber before deposition was 1×10
−5

 mbar, with constant gas flowrates of 10 

and 2 sccm for hydrogen (H2) and argon (Ar), respectively, and a plasma power of 130W have been 

used. The atomic hydrogen is used for its important role in controlling the films network and in turns 

the physical properties of amorphous semiconductors. 

The structural, optical and chemical properties of a-SiC:H films (50 nm thicknesses) have 

been investigated by X-ray diffractometer (D8 Advance Bruker AXS) using Cu Kα radiation (λ = l.54 

Å, 40 kV, 40 mA), infrared spectroscopy (Perkin Elmer), for luminescence measurements (PL) a 

Perkin Elmer LS 50B was used with a 150W Xenon lamp with an excitation wavelength of 325nm 

(3.81 eV) and Ellipsometry measurements, to study the influence of deposition temperature on the 

optical properties. 

Using a high-resolution X-ray diffractometer, a XRD pattern of the as-deposited layer indicates the 

absence of the peaks in the XRD spectrum means that the a-SiC:H films grow with an amorphous 

structure. 

The FTIR spectra reveals the presence of hydrogen at our samples is shown by apparition of 

bands at 640, 1000 and 2100 cm
−1

, corresponds to Si–H wagging mode, vibrations rocking and/or 

wagging of the C–H bonds in CHn radicals, Si–H stretching mode, respectively. The absorption peaks 

at 660 attributed to Si–Si stretching vibration. The vibration band at 769 cm
−1

 corresponds to Si-C or 

Si-CH3 wagging mode and is specific of the SiC films in amorphous phase. 

Ellipsometry characterization has allowed us to determine the effect of the deposition 

temperature on the optical gap. the Eg value is depending on Td. Eg increases when increasing 

deposition temperature Td. This result goes with theoretical studies. 

The Photoluminescence of deposited thin films exhibits two bands, a blue band and green 

band centred at 2.88 eV and 2.39 eV, respectively. The peak centred at 2.88 eV is ascribed probably to 

the radiative recombination from some direct transitions such as self-trapped excitons in the surface of 

nanoclusters and that located at 2.39 eV could be attributed to the defects in the film. 
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 Silicon-hydrogen (Si-H) bonds in i-layer of hydrogenated amorphous silicon (a-Si:H) 

thin films and p-i-n solar cells were prepared by a pulse-wave modulated 13.56 MHz plasma 

chemical vapor deposition system. Under the fixed of SiH4/H2 gas ratio, the Si-H bonding 

configurations of a-Si:H films were precisely controlled by fixed the plasma turn-off time 

(toff) and altered the plasma turn-on time (ton). Increasing ton dissociates more radicals, 

resulting in the increasing of the deposition rate of a-Si:H films. High concentration of 

dihydride (SiH2) and/or cluster of dihydride (SiH2)n Si-H bonds and low concentration of 

monohydride (Si-H) bonds are formed in the films, which is represented by high 

microstructure ratio (R). The optical bandgap (Eg) is increased but the absorption coefficient 

(α), the refractive index (n) and the peak value of dielectric constant (ε) of the films are 

decreased, which are the results of increasing the R ratio and hydrogen concentration in the 

films. The a-Si:H solar cells with the i-layer deposited by changing ton from low to high, due 

to the increasing of Eg and the reducing of α, n, and ε, correspondently, the open-circuit 

voltage (Voc) is significantly increased, but the short-circuit current density (Jsc) is reduced. 

Because the cell deposited by low ton can obtain high Jsc but low Voc, conversely, deposited 

by high ton can obtain low Jsc but high Voc. In this work, we also demonstrate that combining 

a buffer layer at p/i interface deposited by high ton and the bulk of i-layer deposited by low 

ton can increase the Voc and maintain the high value of Jsc. The energy transfer efficiency of 

a-Si:H p-i-n solar cell could be further improved by simply switch the ton of pulse-wave 

modulated plasma from high to low for the p/i buffer layer and the bulk i-layer deposition.
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In this study, we have investigated the electrical and capacitive behavior of CuO/ZnO 

hetero-junction deposited onto ITO substrate by spray pyrolysis. The samples are elaborated 

under atmospheric pressure and at 300°C. The non-aqueous solution of zinc acetate (0.1 M) 

are used to deposit the zinc oxide thin films. The copper oxide layers are deposited from 

aqueous solution of copper chloride (0.1 M) at different deposition time.  

The current-voltage (J-V-T) characteristics indicate that all hetero-junction exhibit 

rectifying characteristic due to p-n junction formation. Among the samples, the hetero-

structure corresponding to the CuO layer thickness 275 nm (40 min), has the lowest ideality 

factor (~ 3.4) and a threshold voltage equal to 0.8 V. From the capacitance-voltage 

characteristics (C-V-T), we deduced that the density of carrier concentration in CuO and ZnO 

layers is in the order of ~ 1015 cm
-3

. Under illumination (lamp: 100 W), the same hetero-

structure, present a photovoltaic effect with open circuit tension Voc = 5 mV.  

This type of structure also finds applications in photo-catalysis, such as photodiode 

sensors or hydrogen gas. 
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Sb2S3 thin films have been deposited by single source vacuum thermal evaporation 

onto glass substrates. The substrate temperature was varied in the range 25-270 °C and seems 

to be one of the most important parameters affecting the physical properties of the films. The 

structural investigations performed by means of X-ray diffraction (XRD) technique, atomic 

force microscopy (AFM) and scanning electron microscopy (SEM) showed that the films 

deposited at substrate TS < 250 °C have an amorphous structure, while those prepared at TS ≥ 

250 °C have a polycrystalline structure. Increase of crystallite size with temperature was 

proved by XRD and the effect of substrate temperature on roughness and grain size was 

studied by AFM. The optical constants were obtained from the analysis of the experimental 

recorded transmission spectral data over the wavelength range 500–1800 nm. It has been 

found that the refractive index dispersion data obeyed the single oscillator of the Wemple–

DiDomenico model. By using this model, the dispersion parameters and the high-frequency 

dielectric constant were determined. The low value of the extinction coefficient (in the order 

of 10
–2

) is a qualitative indication of excellent surface smoothness of the films. The optical 

band gap energy of the films decreases from 1.98 eV to 1.74 eV as the substrate temperature 

varies from 25 to 270 °C.  
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The study focuses on the synthesis of silver powders for the preparation of conductive 

pastes used for solar cells metallization. Carbitol and carbitol acetate have been used as 

solvents and reducing agents of silver nitrate (AgNO3) as precursor.  

XRD characterization revealed silver powders with a cubic Crystal system. MEB 

showed spherical morphology of the particles. Similar particles distribution was obtained by 

the two agents. 

Using same glass frit and organic vehicle for comparative purposes, two conductive 

pastes were prepared with the synthesized silver powders for the front-side metallization of 

multi-crystalline cells. The pastes were fired on a fast-firing IR belt furnace at a peak set point 

temperature around 720ºC with roughly 3 seconds in the hot zone to achieve a thickness of 12 

μm. The pastes provided good print resolution, strong adhesion, and acceptable low contact 

resistance of 7.3 and 9.1 10-6 Ωcm
-2

 respectively. 
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Silicon solar cells have the potential to significantly increase the efficiency of 

photovoltaics. Light trapping is particularly critical in such crystalline silicon solar cells in 

order to increase light absorption and hence cell efficiency. In this work, we investigate the 

suitability of localized surface plasmons on gold-silver nanoclusters for enhancing the 

absorbance of silicon wafer-based solar cells. Our results show that for front surface 

application, gold-silver nanoclusters provide maximum overall enhancement in the visible as 

well as the near-UV for solar cell applications. Particularly, at wavelengths close to the band 

gap of silicon, we observe a significant enhancement of the absorption for silicon wafer-based 

structures. Our results suggest that surface plasmons offer a promising way to improve the 

efficiency of silicon wafer-based solar cell structures, avoiding the problem of increased 

recombination which occurs when silicon is textured directly.  

 

Keywords: Plasmonics, Silicon solar cells, Au-Ag nanoclusters.  
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This paper presents a new structure of solar cell based on p-type microcrystalline 

silicon as an absorber and n-type aluminum doped zinc oxide(ZnO:Al) transparent conductive 

oxide as an optical window [1-5]. The ZnO:Al layer deposited by rf-magnetron sputtering at 

room temperature yields a low resistivity about 7,64.10-2 Ω.cm and more than 85% mean 

optical transmittance in the VIS–NIR range, with an optical band gap of 3.3 eV [6-12]. These 

excellent optical properties of this layer in combination with an optimal contact at the front 

surface result in a superior light trapping yielding to efficiencies about 20%. In order to 

improve efficiency, we have used a p+-µc-Si thin layer highly doped as a back surface field 

which minimizes significantly the impact of rear surface recombination velocity on voltage 

and current leading to a high efficiency of 24%. Optoelectronic parameters were determined 

using the current density-voltage (J-V) curve by means of a numerical simulation with 

Analysis of Microelectronic and Photonic Structures (AMPS-1D) device simulator. 
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A titania layer containing pores of different sizes was fabricated by using a doctor-

blade method. The paste was mainly composed of homemade titania nanoparticles, alpha 

terpineol as rheological agent, and ethyl cellulose as organic filler. A highly viscous titania 

(TiO2) paste was deposited on a glass substrate. Varying the concentration of titania in the 

paste changed the physical properties of the porous layer, particularly its porosity and surface 

area. Scanning electron microscopy of titania layers showed that the space between particles 

increases with decrease in concentration and a hierarchical structure is formed. The XRD 

pattern shows that the crystalline phase is pure anatase and the diffuse reflectance 

spectroscopy shows the band gap energy of approximately 3.29 eV. 
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Cu2ZnSnS4 (CZTS) is p-type intrinsic semiconductor compound that is stable in 

kesterite structure. CZTS has high band-gap energy around 1.5 eV, a large absorption 

coefficient (≥ 10
4
 cm

-1
) in the visible range of spectrum [1,2]. CZTS absorber layer attracts so 

much attention in photovoltaic industry since it contains earth abundant, low cost and non-

toxic elements contrary to other chalcopyrite based solar cells such as CuInxGa1-x(S,Se)2 and 

CdTe. According to Shockley–Queisser theoretical calculations, 30-32% conversion 

efficiency is expected from CZTS solar cells [3]. Although, CZTS studies have been newly 

started, 12.6 % efficiency has been already achieved [4]. It means that more research is 

needed to be done with this newly explored material to improve the efficiency. In this work, 

CZTS absorber thin film layers were grown on soda lime glass substrate by using magnetron 

sputtering technique, followed by sulfurization process of the metallic precursor (Cu/Sn/Zn 

layers) that were sputtered in the multi target sputtering system. Rather than structural 

characterizations through Raman Spectroscopy, X-Ray Diffraction (XRD) and Energy 

Dispersive X-ray Spectroscopy (EDS) analysis which were done in our previous studies, this 

study mostly focused on temperature dependence of electrical properties of CZTS 

semiconductor. Also, CZTS with precursor that have additional content of sulphur 

(Cu/Sn/ZnS precursors) were performed and compared. We obtained intense and sharp 

Raman peaks, which corresponds to CZTS kesterite structure A1 vibration mode. For this 

reason, four point probe and Hall effect measurements by using Van der Pauw technique were 

carried out to measure the electrical properties such as sheet resistance, resistivity, carrier 

concentration and mobility of the CZTS structure. Electrical characterization of CZTS 

demonstrated p-type semiconducting material behaviour and the resistivity of the films were 

measured between 0.1-1.89 Ω.cm values at room temperature. The mobility value was 

estimated ~0.5 cm
2
/V.s and the hole concentration was obtained approximately 10

18
 cm

-3
 at 

room temperature. Temperature dependence of resistivity, carrier concentration and mobility 

will be discussed.  
  
 *This research is partially supported by TUBITAK project with number 112T068 
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This paper investigates the effect of nanoparticles in silicon heterojunction solar cell 

structures based on ITO/(nn+)c-Si (ITO - Indium Tin Oxide), AZO/(nn+)c-Si (AZO – 

Aluminum doped Zinc Oxide) and IFO/(pp+) c-Si (IFO - Indium Fluorine Oxide). Heavily 

doped silicon nanoparticles (n+ and p+), and metallic nanoparticles (NPs), in particular of 

silver, were introduced between the silicon substrate and TCO film or inside TCO film. The 

parameters of silicon and metal NP deposition on the silicon substrate by ultrasonic spray 

pyrolysis (pyrosol)were studied and optimized. The photoelectric properties of the interface 

TCO/NP/Si depending on the deposition conditions and heat treatments were studied.  

Nanomaterials are used such as: 1) silicon NPs, particularly heavily doped (n+ and p 

+), and 2) metal NPs, in particular silver. NPs were deposited on different silicon test 

structures by pyrosol method. Silicon test structures (nn+), (pp+)Cz Si were both textured and 

polished. NPs were deposited on the samples with polished and textured p or n side 

simultaneously; the nanoparticles deposited on a polished silicon substrate - for studying the 

distribution of nanoparticles on the SEM. N+ and p+ layers in Cz-Si were fabricated, 

consequently, by phosphorus and boron diffusion with parameters similar to those used in 

solar cells. Deposition temperature (300-500C), carrier gas composition (Ar+O2) and 

parameters of additional heat treatments were varied. After that TCO films were also 

deposited by pyrosol method with optimised conditions to form the heterojunctions 

ITO/(nn+)c-Si, AZO/(nn+)c-Si and IFO/(pp+) c-Si with the best parameters . Suns-Voc 

measurements were done for TCO/NP/(nn+)Si and TCO/NP/(pp+)Si structures to control the 

influence of deposition and annealing parameters on photovoltage and Fill Factor of the 

heterostructures. Also spectral response of the produced nanoheterostructures was measured. 

All conversion parameters were determined in comparison with test structures without NPs to 

evaluate the effect of the application of nanomaterials. Solar cells having 

ITO/NP/(nn+)Si/IFO, AZO/NP/(nn+)Si/IFO and IFO/NP/(pp+)Si/ITO structures with LGCell 

design (Laminated Grid Cell -wire contacts are attached to the surface of the TCO through 

low-temperature lamination method) were fabricated and investigated.  

To deposit a NP layer (semiconductor and metal) for the first time is proposed to use 

non-vacuum economical method of ultrasonic spray pyrolysis (pyrosol). NPs were inserted 

between the silicon and the TCO film or inside TCO film. The photoelectric properties of the 

interface TCO/NP/Si depending on the deposition conditions and heat treatments were 

studied. Solar cells based on heterojunction transparent conductive oxide/ silicon with 

embedded NPs were fabricated and tested.  
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Cadmium oxide (CdO) is a semiconductor with promising electrical and optical properties. 

Pure CdO is an n-type degenerate semiconductor and is almost entirely transparent in the 

optical region of the electromagnetic spectrum. Thus, the interest in its study as a possible 

device for photo detectors and solar cells has increased significantly. However real solar cells, 

based on an n-CdO/p-Si heterostructures, show poor photovoltaic performance [1]. In this 

work numerical simulation is used to elucidate this poor performance. The measured 

photovoltaic performance of an n-CdO/p-Si heterostructures [1] were compared to simulation. 

We have simulated the same structure by considering two cases. The first is that CdO is a 

perfect material. The second models CdO as a semiconductor with continuous distribution of 

states in its band gap similar to an amorphous semiconductor. The density of states model 

used here is composed of four bands: two tail bands (a donor-like and an acceptor-like) and 

two Gaussian distribution deep level bands (an acceptor-like and a donor-like).  

Evidently the first case gave results far from reality. In the second case, however, and by 

adjusting the constituents of the band gap states we were able to reproduce, almost ideally, the 

real behaviour of the solar cell. 

 
[1] F. Yakuphanoglu, Applied Surface Science, 257 1413 (2010). 
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Having high dielectric constant (κ =25) [1] and wide bandgap energy (Eg>5 eV) [2], 

hafnium oxide (HfO2) is one of the best materials to be replaced by common material of 

microelectronics, namely SiO2 . However, there grows an undesired interfacial layer between 

HfO2 and Si.  

In this study, to understand the formation of undesired interfacial layer, HfO2 thin film 

was grown on Hf/Si using an rf sputtering system. The final thickness and optical properties 

of the grown film was obtained by Spectroscopic Ellipsometer (SE) at 632 nm wavelength. 

The crystalline structure of grown thin HfO2 film was determined with X-Ray Diffraction 

(XRD), while the chemical states were defined by Fourier Transform Infrared (FTIR) 

spectroscopy. The chemical composition and quantification analyses of grown film were done 

by XPS depth profiling feature. 

SE results give the final thickness of HfO2 film as 7 nm. From XRD spectra, the film 

shows m (-221) crystalline structure. Since the grown film is so thin, FTIR spectrum indicates 

that HfxSiyOz is the dominant mode. XPS depth profiling analysis shows that the tested film 

is not in homogeneous form. It consists of both Hf silicate (HfxSiyOz) and SiO2 at the top 

layers and lower amount of Hf silicate through deeper layers which is also supported by 

FTIR. These results bare that 3 min deposition of HfO2 is not sufficient to grow 

stoichiometric HfO2 film.  
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Pulsed laser deposition (PLD) is commonly used for the deposition of various thin 

films, most of them being inorganic materials while matrix assisted pulsed laser evaporation 

(MAPLE) mainly for soft materials (organic/ inorganic) no matter their stoichiometry. In the 

present study we show a comparative study of the ability of these films obtained by two laser 

techniques for uptake heavy metals (Ni and Co) from water. 

Layered double hydroxides (LDHs) are a class of layered materials consisting of 

positively charged brucite-like layers and exchangeable interlayer anions, which have 

received increasing attention in the last years, due to their chemical versatility and to their 

prospects in a wide range of technological applications such as catalysis, separation, and 

environmental remediation. The proper condition (wavelength, fluence, repetition rate, 

duration of the pulse, preparation of frozen targets) for obtaining highly oriented Mg-Al and 

Zn-Al LDHs films were determined. The ability of our films to detect heavy metals from 

aqueous solution was also investigated. The LDHs films were characterized using X-Ray 

Diffraction, EDX, Atomic Force Microscopy and Scanning Electron Microscopy with energy 

dispersive X-ray analysis.  
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Metallophthalocyanines (MPc) have been used in various electrochemical 

technologies such as, electrocatalysts, electrosensors, electroluminance, and electrochromism, 

due to their versatile redox activity, modification flexibility with many metallic and some 

nonmetallic elements in the Pc ring cavity, easy modification by numerous substituents, and 

chemical and thermal stability [1, 2]. For practical applications, coating MPcs on a substrate 

with desired specifications is the main factor to supply expectations of the application fields. 

Among the numerous film coating methods, electropolymerization is one of the most 

preferred electrode modification techniques due to its simplicity and controllability to obtain 

desired futures [3-5]. The ease of coating on the desired surfaces (e.g. electrode) especially 

with electrochemical polymerization is the main factor for the selection of MPcs as functional 

materials. Therefore in this study, MPcs bearing and electropolymerizable amino and thiazole 

moieties were characterized with voltammetric and spectrochronocoulometric methods, 

electropolymerized on different substrates and used as active electrochromophores. 

Reversible, diffusion controlled multi-electron redox processes and different colors of the 

electrogenerated species of the complexes indicated their redox richness and suitability in 

various electrochemical technologies. For an example application, ITO/MPcs 

electropolymerized thin films of the complexes were constructed and investigated as 

electrochromic materials ITO/MPcs electropolymerized thin films represented reversible 

color changes during oxidation with short response times, high optic contrast and optical and 

coulombic stabilities. These results illustrated suitability of the complexes in display 

technologies as anodic coloring materials.  

 
 

[1] N. Kobayashi, T. Fukuda, Chapter 1 - Recent progress in phthalocyanine chemistry: Synthesis and 

characterization, in: S.-H. Kim (Ed.) Functional Dyes, Elsevier Science, Amsterdam, 2006, pp. 1-45. 

[2] A.B.P.L. C. C. Leznoff, Phthalocyanines, Properties and Applications, 4 ed., Wiley-VCH, 1996  

[3] D. Arican, A. Erdogmus, A. Koca, Thin Solid Films, 550 (2014) 669-676. 

[4] R.D. Gould, Coordination Chemistry Reviews, 156 (1996) 237-274. 

[5] M.L. Rodriguez-Mendez, J.A. de Saja, J Porphyr Phthalocya, 13 (2009) 606-615. 
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This paper describes the formation of Cu and Cu-Ag films using an electrochemical 

atomic layer deposition. The deposition process was preformed layer by layer by an 

underpotential deposition. A p-type Si (100) wafer, with 10 nm Ru prepared by sputtering on 

top of, was as a substrate, and the substrate was cleaned by cyclic voltammetry in 10 mM 

HCLO4 at a scan rate of 5 mV/s to remove the oxide layer. Cu underpotential deposition was 

used to deposit the first Cu atomic layer on the Ru/Si substrate. Pb was chosen as a sacrificial 

layer as it forms atomic layers on the Cu layer via underpotential deposition, and then Cu2+ 

solution was flushed into the cell at open-circuit potential where the Pb atoms were 

exchanged for Cu by a redox replacements. Several Cu layers were formed by repeating the 

above sequences several times, and then deposited Ag layer on the Cu using underpotantial 

deposition. Cu-Ag alloy film was formed using the sequence by performing 50 periods, each 

consisting of 4 cycles Cu and 1cycle Ag. The depositions were carried out using 0.1 and -0.05 

V for Cu and Ag solution, respectively. The resulting Cu-Ag film was characterized using X-

ray diffraction, electrochemical chromatography and four point probe measurement. The 

average thickness of Cu film per replacement cycle was 0.51 ML. The result indicates that the 

lowest resistivity 3.3 and 4.7 µΩ.cm for Cu thin film and Cu-Ag thin film, respectively. 

Structural analysis showed that Cu (111) and Cu (200) peaks shift to lower diffraction angle, 

indicating that Ag atoms were incorporated into Cu lattice. Because the self-limiting reactions 

and electrochemical surface limited reaction, the process has the capability of atomic layer 

deposition to meet the requirement of gap-fill process.  
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Composite coatings of Ni-Mo were prepared by co-deposition of Mo metal with 

electrolytically deposited nickel from a citrate bath onto pretreated Cu substrates at pH of 6.5-

7. The effect of molybdate concentration has been investigated using different values of 

[MoO4-2]/Ni+2 molar ratios. The corrosion results were calculated from polarization Tafel line 

in both 0.6M NaCl and 0.1M HCl solutions. The microhardness and polarization resistance Rp 

of the prepared coatings are remarkably lower than those of pure nickel coatings. The addition 

of organic inhibitor in the electroplating bath shows a positive influence on the microhardness 

and polarization resistance Rp. 

 

Keywords: Nickel; Molybdate; Polarization resistance; Ni-Mo coatings; Co-deposition. 
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Electroless nickel–boron (Ni–B) was synthesized from the bath using a sodium 

borohydride as a reducing agent.  Heat treatments were performed at 300°, 400° and 500 °C 

for 1 h, respectively. The crystallisation process in the electroless Ni–B film during 

continuous heating is investigated using the differential scanning calorimetry (DSC). The 

resulting surfaces were examined and characterized by scanning electron microscopy (SEM) 

and X-ray diffraction (XRD). XRD analysis was performed to investigate structural 

modifications. XRD patterns reveal that electroless Ni–B coatings are amorphous in as-plated 

condition and undergo phase transformation to crystalline nickel and nickel borides upon 

heat-treatment.  

 

Keywords: Electroless plating; Nickel-boron; Phase transitions; Heat treatment 
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Conducting polymers are recognized as highly promising multifunctional materials 

suitable for fabricating a spectrum of flexible, lightweight and large area electronic devices. 

Polyaniline (PANI) has been the subject of considerable recent interest because of their 

unique electrical behavior, good environmental stability in doped and neutral states, ease of 

synthesis and wide applications in different fields. In the present work, the PANI films were 

electrochemically deposited on porous silicon (PS) substrate because of its prominent 

properties. The results has shown that the PANI films were covalently grafted on PS 

structures and we demonstrate that such structures are sensitive towards organic vapors 

(ethanol) and gases (NO2, NH3).  
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Self-lubricating composite coating containing nano-MoS2 as solid lubricant was 

deposited on the titanium alloy surface by plasma electrolytic oxidation with MoS2 

nanoparticles in aluminate-phosphate mixed electrolyte. The friction and wear behavior of the 

coating was examined by carrying out tests on a ball-on-disk friction tester at a load of 2N 

and a sliding velocity of 0.1m/s. The results showed that the phases of MoS2 and hard α-

Al2O3 appear in the composite coating in addition to the main phase of Al2TiO5. The doping 

of nano-MoS2 leads to a more compact surface morphology compared to the rough and 

porous PEO coating. The ball-on-disk friction tests indicated that the nano-MoS2-containing 

composite coating presented a lower friction coefficient of 0.67 than that of the one without 

MoS2 (about 0.9), and the wear resistance was also markedly improved. The influence of the 

amounts of nano-MoS2 in electrolyte on the tribological properties was also discussed.  
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Electrocrystallization of copper indium diselenide (CIS) on commercial molybdenum 

substrates was investigated. An x-Ray diffraction (XRD) based approach was used with 

several parameter optimizations such as salt concentration, deposition potential and acidity of 

the solution. As-deposited samples were characterized with XRD, SEM and EDS techniques. 

A crystallite size growth up to 17.42 nm was achieved by increasing the acidity of the 

deposition solution. In addition to common tetragonal phase of CIS, a new phase for 

electrodeposition of CIS, wurtzite, was obtained, which was believed to compete with the 

tetragonal phase during electrodeposition.    
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Anticorrosion TiO2 coatings were deposited by reactive r.f magnetron sputtering 

method, on stainless steel substrates. The effect of bias voltage on the electrochemical 

corrosion behaviors was investigated. The microstructure and phase composition of titanium 

dioxide coating were analyzed by optical microscope (OM), scanning electron microscope 

(SEM), energy dispersive spectrometer (EDS) and X-ray powder diffraction (XRD). 

Electrochemical corrosion behavior of the coating was mainly investigated by 

potentiodynamic polarization and electrochemical impedance spectroscopy (EIS) in simulated 

marine environment aqueous NaCl solution at room temperature. The results indicated that 

the free corrosion potential of TiO2 coatings increased and the free corrosion current density 

decreased, which corresponded to a decreased corrosion rate. Results showed that TiO2 

coatings effectively improve the corrosion resistance in 3.5 % NaCl of the stainless steel 

surface. 
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Nanocrystalline nickel has attracted much attention due to its improved surface properties 

such as hardness, corrosion and wear resistances, and also functional characteristics like 

magnetic and magentotransport properties. Electrodeposition is a common, convenient and 

flexible method for the production of metal films like nickel. Electrodeposition current modes 

include direct current (DC), pulsed current (PC) and pulse reverse current (PRC) having 

considerable effects on the mechanism and morphology of electrodeposits. 

In this work, nanocrystalline nickel films with different surface morphologies were 

electrodeposited from Watts bath using direct (DC), pulsed (PC), and pulsed reverse (PRC) 

current techniques. The effect of electrodeposition conditions including pulse mode, current 

density, and duty cycle has been studied on the evolution of microstructure, cathodic 

efficiency, crystallographic micro-texture, micro-hardness, magnetic and corrosion properties 

of nickel films were investigated. Ni films electrodeposited by PC method revealed the 

highest cathodic efficiency due to minimum amount of hydrogen evolution. All films 

electrodeposited by PC and PRC methods making the films nanocrystalline (NC) exhibited 

greater hardness values and smaller crystallite size compared to those deposited by DC 

method. A preferential crystallographic orientation or texture was found in Ni films 

depending upon the electrodeposition pulse shape, as the microstructure is polycrystalline in 

the DC electrodeposited films, while exhibits <111> and <100> crystallographic growth 

directions for PC and PRC methods, respectively [1]. Magnetic properties of the 

nanocrystalline Ni films indicate the existence of strong magnetocrystalline anisotropy 

depending on the microstructure of the films. In term of magnetic properties all the fabricated 

films are isotropic. We define magnetization reversal occurring through the non-coherent 

magnetization rotation where the average grain size is comparable to the width of Bloch 

domain walls (DW). For those films with a greater grain size, the remagnetization processes 

take place due to the non-coherent magnetization vectors rotation and DW displacement in the 

grains [2]. Corrosion evaluation results showed that the PC electrodeposited NC-Ni films are 

more corrosion resistive in the 2 mol/liter NaOH solution, compared to film those 

electrodeposited by PRC and DC methods. In contrast, in the 0.5 mol/liter H2SO4 solution, 

corrosion resistance of the films is in descending order from PC to PRC and DC.  

 
Refs.: 

1-F. Nasirpouri et al, Applied Surface Science 292 (2014) 795– 805 

2-E.V. Sukovatitsina et al, Solid State Phenomena Vol. 215 (2014) pp 139-143 
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The contribution describes an optical method for measuring mechanical stress inside 

thin films. The method is based on measurement of substrate deformation caused by the film 

stress using the optical profilometer. The method is applied to studies of stress dependences 

of Al2O3 thin films deposited onto glass substrates on technological conditions of their 

preparation. 
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A multi-pixel modification of the data fitting procedure for imaging spectroscopic 

reflectometry is used for the optical characterization of thin films non-uniform in thickness. It 

is shown that this procedure allows a more precise and reliable determination of the optical 

parameters, i.e. refractive index, extinction coefficient and distribution of local thickness, 

compared to the standard application of the imaging spectroscopic reflectometry. This 

modification is applied to SiOxCyHz and carbon nitride thin films.The optical constants, i.e. 

refractive index and extinction coefficient, of these films obtained using this modified 

imaging spectroscopic reflectometry are verified by standard variable-angle spectroscopic 

ellipsometery. Very good agreement between the spectral dependencies of the refractive index 

and extinction coefficient of the thin films characterized is presented. Moreover, it is shown 

that the multiple-pixel modification of the imaging spectroscopic reflectometry represents 

useful optical method completing the methods of standard spectroscopic ellipsometry and 

spectrophotometry. 
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Turkey has an important potential of zeolite reserves, 1.5 billion ton of those are 

proven reserves. Clinoptilolite is the most commonly used natural zeolite group. Utilization 

areas of zeolites can be classified under four basic heads, which are pollution control, energy 

sector, agriculture and stockbreeding. In this study, zeolite samples used are taken as 

representatives from active zeolite fields that belong to Manisa-Gordes region in Turkey. 

Analyses and experiments concluded on the samples which are the basic of this study have 

been detailed. Assessment towards the contamination and minerals within the structures of the 

Gordes Zeolites used as zeolite sample was carried out on the basis of the images defined in 

binocular microscope and electron microscope (SEM) in the research. It is detected by X-Ray 

and chemical analysis experiments that 85% of the samples used in the experimental studies 

represent clinoptilolite-heulandite based zeolite raw material. Gordes zeolites have high. 
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Fiber lasers have the advantage of high beam quality,high efficiency,small size and air 

cooling.Therefore much interest in the development of high power fiber laser systems has 

recently arisen in the world.Almost all commercially developed fiber lasers with nanosecond 

pulse duration that are being used for material processing,are Q-switched systems.Vital 

parameters in the material processing,such as repetition rate,pulse energy and pulse 

duration,are correlated with each other and hence cannot be adjusted independently in the Q-

switch mechanism.For high beam quality pulse energy better be 0.5-1.0 mJ and as the 

repetition rate determines the processing speed, aiming for high average power leads to best 

results. As a result, development of all-fiber laser systems with diffraction limited beam 

quality,high energy, high repetition rate at high average power, and independently adjustable 

parameters are highly desired.In this study, ytterbium doped all-fiber laser amplifier with 60 

W average power and more than 20 kW peak power at 1 µm wavelength was developed.This 

master-oscillator power-amplifier (MOPA) architecture system is composed of pulses, 

produced by electronically pumped diode, and amplified by a series of fiber amplifiers. Apart 

from Q-switch lasers,MOPA architecture allows us to adjust pulse duration, repetition rate 

and power independently. Beam quality is nearly diffraction limited, and typically the value is 

M2<1.3.Produced by 1064 nm wavelength laser diode, the pulses with the approximate 

duration of 200 ns or longer are amplified to 3 W average power by a middle amplifier and 

then to 60W average power by an amplifier stage.The maximum pulse energy achieved 0.6 

mJ at 100 kHz repetition rate and minimum pulse duration is 29 ns at this energy level. 

System is all-fiber and the amplified laser output is delivered from the collimated isolator 

following the 2 m long beam delivery fiber.Due to multi-stage architecture and special 

precautions, the system works without ASE (<1%) and shows an optical efficiency of 64% 

Because of Raman scattering, peak power value is limited to 20 kW for the current beam 

delivery fiber lengths.This value can be increased if the beam delivery fiber length will be 

shorter or in the applications where transfer of more energy to stokes wavelengths won’t be a 

problem.Additionally,due to MOPA architecture,the fluctuations (energy changes between 

pulses and the energy changes during a single pulse) are fewer than the systems which are 

using Q-switch.In material processing,high stability and high beam quality leads to high 

consistency.Reduced diameters of active and passive fiber cores and specially optimized fiber 

splices, which are used in the system architecture,results with higher beam quality thus the 

focusing is better than commercial lasers.As the thing which determines the interaction with 

materials is the power delivered to target area,with this system the material processed 

effectively with less power.  
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The Electron mobility in GaAs is an important parameter for device design and 

analysis. Accurate mobility models are necessary for predictive simulation due to the direct 

dependence of the current on mobility .For this, we present in this communication the 

characteristics id (Vd,Vg) and two models of the electron mobility for GaAs MESFET . This 

study takes account: the electric field E, the saturation velocity Vs, the parameter β of Gaughy 

Thomas and the doping profile Nd . The theoretical results obtained were compared with 

those of the experiment. 
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Nowadays, electrochromic materials draw attention in the scientific area because of 

their color as a function of light intensity applied electric potential and changed the chemical 

properties. Electrochromic materials used in very different device technology, such as smart 

windows, flat displays, gas sensors i.e.  

 Depending on the application, there are many inorganic and organic designs used for 

electrochromic device construction. It should be different colors, but generally we seen that 

blue.  

 Thin films forming the basis of device technology have gained a great acceleration between 

the research and development studies in recent years. The resulting performance obtained 

from the thin films having a wide range of using area, is very important parameter, and this is 

also directly related to the production techniques.There are many methods used for produced 

thin film structures, such as thermal evaporation, sol-gel, spray pyrolysis and 

electrodeposition. Among them chemical bath deposition (CBD) prefer by the scientists 

because of having the cheap, simple and non-toxic method. 

 The prussian blue thin film form is not only cheap but also deposited simply to conductive 

surfaces. 

 In this study, we investigated the Prussian blue thin films produced by CBD. We changed the 

temperatures and concentrations of these thin films in this process and debated the results. We 

used the Uv-Vis spectrophotometer for the optical properties of films and the cyclic voltmeter 

for the reduction-oxidation treatments. 
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This research reports the improvement of sensing properties of WO3 thin films by 

variation of post-annealing conditions that can be used for development of metal oxide gas 

sensors. WO3 thin films of 100 nm thickness were deposited by DC reactive magnetron 

sputtering technique on glass substrate and then post-annealed at different temperatures (300 

and 400 °C), different times (60and 180 min) and different environments (air and oxygen 

flow). A detailed morphological and structural investigation has been carried out on all 

deposited and post-annealed samples by Atomic force microscopy and X-ray diffraction 

methods. The electrical response of all prepared films was tested to NO2 gas. The results 

showed that the NO2 gas sensitivity of WO3 thin films can be improved by modification of 

post-annealing conditions. 
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Isothermal aging and thermal fatigue are the two test methods which are most widely 

used to evaluate the durability of thermal barrier coating (TBC). Isothermal aging test is used 

to evaluate the inter-layer diffusion and the growth of thermally grown oxide (TGO), and 

thermal fatigue test is used to evaluate the delamination life caused by inter-layer thermal 

stress due to thermal expansion mismatch between the layers. In this study, isothermal aging 

and thermal fatigue tests on TBC (7~8% YSZ) produced by air plasma spray (APS) method 

were performed, and the tests results were arranged into delamination maps to evaluate the 

delamination life of the TBC at both test conditions. After the tests, microstructural change of 

the TBC was analyzed to compare the aging mechanism of the two test conditions. Finally, 

the relationship between the results of the two tests was obtained and as a result, the thermal 

fatigue life prediction method by the isothermal aging test instead of the difficult thermal 

fatigue test was suggested. 
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Gas turbine operates in high temperature and high pressure and especially, turbine 

inlet temperature (TIT) has been increased higher for effectiveness improvement. 

Development of thermal barrier (TBC) coating technique contributes to an increase of 

operating temperature. Thermal barrier coating protects substrate from the flame and assures 

the product life of turbine. Turbine blade is a component that undergoes mechanical fatigue 

caused by rotating, thermal gradient fatigue caused by cooling air and thermal fatigue due to 

startup and shutdown. In this work, comparison and evaluation between used turbine blade 

sample and aged thermal fatigue specimen were performed using cross-sectional analysis and 

surface analysis through SEM. 
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In this paper, the thermo-mechanical fatigue characteristic was researched about the 

IN738LC which is used for the main materials of the gas turbine blade. Gas turbine blades are 

operated in the high temperature environment at least 1,300℃. Also, the mechanical loading 

is applied by the high-speed rotation. In addition, the low cycle fatigue is occurred by the 

frequent startup and shutdown. As a method for improving the durability of materials which 

operate in harsh environments, the thermal barrier coating technique is applied. the thermal 

barrier coating technique drops the substrate surface temperature by about 100~200℃. Thus, 

the integrity evaluation of the substrate should be performed in this situations. In case of the 

low cycle fatigue that a large plastic deformation mainly occurs, the fatigue life can be 

decided by the plastic strain amplitude. However, it is difficult to obtain the plastic strain 

under the thermo-mechanical fatigue loading. Therefore, in this paper, the thermo-mechanical 

fatigue test was performed to obtain the fatigue life for IN738LC, and the hysteresis loop was 

derived through the finite element analysis. Finally, received energy of material was obtained 

from hysteresis loop, and the fatigue life prediction equation was derived from the strain 

energy method. 

 

 

Large Scale Coating and Industry 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Science and Applications of Thin Films, Conference & Exhibition (SATF 2014) 
Çeşme, Izmir, Turkey, September 15 to 19, 2014 

266 
 
 

 

PB021 

Thermal Fatigue Life Prediction of Thermal Barrier Coating Through 

Bond Strength 
 

Hyunwoo Song
1
, Yongseok Kim

1
, Jae-Mean Koo

1
 and Chang-Sung Seok 

 
1
Sungkyunkwan University, Mechanical Engineering 

 
E-mail of Corresponding Author: seok@skku.edu 

 

Thermal barrier coating (TBC), which is applied to a gas turbine blade, is used to 

protect the blade substrate from the high-temperature. Delamination of thermal barrier coating 

is initiated by repeated thermal fatigue during the operation of gas turbine, and this 

delamination leads to damage of gas turbine. Thus, thermal fatigue life evaluation of thermal 

barrier coating should be carried out but it spends a lot of time. Therefore, thermal fatigue life 

prediction of thermal barrier coating is needed. In this research, the TBC specimens with 

different damage levels were produced through the thermal fatigue test, and then bond 

strength test was performed with damaged specimens. Also, life prediction equation of 

thermal fatigue was derived through relation between thermal fatigue life and bond strength 

of specimens that have different levels of damage. 
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Textile surface modifications or functionalization are becoming more essential to meet 

the requirements which arises with the recent developments in textile engineering such as UV 

radiation resistance, electrical conductivity, self cleaning, antibacterial property, flame 

retardancy, superhydrophobicity, etc. As the nanotechnology has immense potential in 

improving surface properties and performances of textiles and clothing, the high attention has 

been caught in textile industry. The application of nano films and coatings on the textile 

surface can be achieved by different methods. The most widely used nanocoating methods are 

sol-gel technique, magnetron sputter, plasma, layer-by-layer technique, and nanomaterial 

embedded textile [1]. Magnetron sputter coating, which is one of the physical vapour 

deposition (PVD) methods, has been used to deposit different type of materials on the textile 

surfaces [2-4] to improve the properties of the textile materials. Since the conductivity is one 

of the crucial properties to attain smart textiles, conductive polymers, fibres, yarns, fabrics, 

embroidery and finishing are widely used to produce smart clothing [5]. In addition to those 

methods, magnetron sputter technique provides coatings with a high chemical and structural 

complexity. In this study, the magnetron sputtering method, used to grow materials such as 

Cu, Cr, Ag, ITO etc., to develop conductive textile surfaces are presented. In this context, the 

deposition parameters associated with the coating materials that have been reported in 

literature are summarized in order to give an idea to understand the relation between the 

conductivity properties of the textiles and the coating parameters.  

 
[1] M., P., Gashti, F., Alimohammadi, G., Song, A., Kiumarsi, Characterization of nanocomposite coatings on 

textiles: a brief review on Microscopic technology, Formatex, 1424-1437 (2012). 

[2] B., Deng, X., Yan, Q., Wei, W., Gao, AFM characterization of nonwoven material funtionalized by ZnO 

sputter coating, Materials Characterization, 58, 854-858 (2007). 

[3] Q., Wei, L., Yu, D., Hou, F., Huang, Surface characterization and properties of functionalized nonwoven, 

Journal of Applied Polymer Science, 107, 132-137 (2008). 

[4] H., Wang, J., Wang, J., Hong, q., Wei, W., Gao, Z., Zhu, Preparation and characterization of silver 

nanocomposites textile, Journal of Coatings Technology and Research , 4(1), 101-106 (2007). 

[5] G., Cho, S., Lee, J., Cho, Review and reappraisal of smart clothing. In: G., Cho (ed) Smart clothing 

technology and applications. New York: CRC Press, 1-36 (2010). 
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The Al2O3 coatings were in situ prepared on Q235 plane steel substrates by self-

propagating high temperature synthesis (SHS) process. The effects of the reagents proportion 

of composite thermit reaction systems on the morphologies and phase structure of Al2O3 

coatings were investigated systematically. The test results of morphology, composition and 

phase structure present the main component of the ceramic coatings are Al2O3. The Fe and Al 

elements at the interface between the ceramic coating and the substrate diffuse in different 

levels. The preheating process before self-propagating high temperature synthesis and 

spraying NiCrAl transition layer on steel substrate can significantly improve the combination 

with the substrate and decrease the pore at the interface. 
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Lack of crystal structure of the metallic glasses lead to superior properties such as high 

fracture strength, hardness and corrosion resistance. Therefore the properties of the metallic 

glasses make them attractive materials. However they are expensive and it is difficult to 

obtain with bulk forms because of their low glass forming ability. For this reason a composite 

material is preferred for the industrial applications. In this study, Co-based metallic glass 

(Co42Cu1Fe20Ta5.5B26.5Si5) coatings with %0-8 Ti and C additions were produced by squeeze 

casting with copper molds and, their microstructure and hardness were investigated. Co-based 

metallic glass coatings of 10-20 μm in thickness were formed densely with Vickers hardnes of 

Hv=1100-1200. After annealing of the coated substrates, nano sized crystal phases such as 

TaC and (Co,Fe)2B were precipitated in glassy layer, and the hardness of the coatings were 

successfully enhanced.  
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The electrodeposited composite coatings know an increase development thanks to 

their particular properties obtained by incorporation of solid particles. In the present work, we 

describe the electrodeposition of pure nickel and the codeposition of Ni-SiC, Ni-Al2O3 using 

nickel chloride bath with organic additives on pretreated steel substrates. A traditional 

characterization tests such as adherence, corrosion behavior in 0,6 NaCl, optical and scanning 

electronic microscopy, X-rays and Vickers microhardness show that the prepared coatings 

have a good adherence and hardness, and resist to corrosion. These coatings have a 

homogeneous, compact and bright morphology with a high degree of codeposition of 

incorporated particles in nickel matrix. 

 

Keywords: Electrodeposition; Composite; Microhardness; Corrosion; Morphology 
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 In this study, the layered perovskite type oxides K2Ln2Ti3O10 thin films individually 

doped with Sm and Nd were prepared by sol-gel method by using silicon substrates for 

photocatalytic applications. Solutions were prepared from K, La and Ti based precursors and 

deposited on silicon substrates by using spin coating method. Photocatalytic experiments were 

carried out by using a solar simulator and investigated with the UV-spectrophotometer. It is 

aimed to compare the effect of Sm and Nd for photocatalytic applications of K2Ln2Ti3O10thin 

films and by using this process for degradation of methylene blue in industrial wastewaters. 

  

Keywords: Thin films, Photocatalytic, K2Ln2Ti3O10, Methylene blue 
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The use of galvanization coating as material treatment to improve the chemical 

properties of steel parts has shown a large development. Zinc and some of its alloys have a 

number of characteristics that make it well suited for use as a protective coating against the 

corrosion of steel substrates under severe atmospheric conditions. Zinc metal, which 

represents the main galvanization element offers then a cathodic protection to the ferrous 

materials. 

Because of these excellent characteristics, galvanization coatings are expected to be 

used for different protective applications fields. The aim of this research work is to study the 

effect of roughness steel substrates on intermetallic compounds of galvanization coatings 

obtained at different immersion time. Steels substrates to be coated in this case are used in 

agriculture field as tubes in pivot. 

After a best preparation of here surfaces by different roughness process, various steel 

of substrates were galvanized by immersion in a molten zinc bath maintained at 450°C During 

the galvanization process, the chemical reactions that take place between the steel and the 

liquid zinc give rise to the formation of different intermetallic. Thus, three phases of Gamma, 

Delta) and Zeta are produced on the steel substrate. Theses metallic compounds have been 

coated then by a solid solution of iron in zinc as Eta phase. 

These intermetallic compounds are hard and fragile and the product that is obtained is 

not suitable for working, since this would inevitably lead to cracking and detachment of the 

coating. The morphology and thickness of phases formed the coatings at different parameters 

took place with scanning optical microscope. Finally the hardness of coatings was measured 

with a Vickers hardness tester.  
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Gallium Arsenide (GaAs) nanowires on p-type (111) silicon substrates have been 

grown by using self-catalyzed vapor–liquid–solid mode in molecular beam epitaxy system. 

Before growth, gallium (Ga) was deposited to form the droplets and initiate nanowire 

synthesis on the native oxide layer. The growth temperatures of the samples were 580, 600 

and 620 
o
C which were named as W1, W2 and W3, respectively and the V/III (As4/Ga) flux 

ratio was kept constant for all the samples. The samples were then cooled rapidly and 

transferred out of the chamber. The nucleation and crystal structure of nanowires were 

detected in-situ by reflection high energy electron diffraction. Afterwards, the morphology 

and density of nanowires were studied by scanning electron microscopy. The sample grown at 

the lowest temperature has well defined vertically aligned nanowires. For W2, beside vertical 

nanowires, non-vertical nanowires are also observed and the fraction of vertical nanowires 

acutely decreases in W3. In addition, branch-like formations are identified on the nanowires 

in both W2 and W3. It is observed that the growth rate of GaAs nanowires isn’t directly 

proportional to the growth temperature since the longest nanowire is obtained for W2. 

Comparing W1 and W2, it reveals that the nanowires grown at 580 
o
C exhibits lower density 

than 600 
o
C significantly. For all the samples, the loss of Ga droplets is observed and the 

parasitic growth on the substrates turns to clusters by increasing the growth temperature. In 

summary, under high V/III flux ratio, the effect of growth temperature on the structure and 

morphology of GaAs nanowires is examined. The results indicate the importance of 

optimizing growth parameters to achieve ideal conditions for GaAs nanowire growth. 
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Zinc oxide (ZnO), as wide and direct band gap (3.37 eV) semiconductor, has attracted 

much attention due to its novel optical and electronic properties as well as promising 

applications in solar cells, nanolasers and other nanodevices [1]. Great progress in 

nanostructured ZnO with diverse morphologies such as nanorods, nanowires, nanobelts and 

nanotubes has been made and In particular, well-aligned ZnO nanorods are highly desirable 

for their potential applications as electroluminescent devices, field emission devices, solar 

cells and nanogenerators [2]. Up till now, a number of physical and chemical techniques and 

such as the vapour liquid solid method, chemical vapour deposition and hydrothermal growth 

were used to fabricate well-aligned ZnO nanorod arrays [2]. İn this study, ZnO seed layers 

were prepared on ITO substrates by Chemical Bath deposition Technique. ITO substrates 

were immersed in aqueous solution of 0.1 M Zinc Acetate dihydrate and 0.1 M 

hexamethylenetetramine (VL: 1:1) at room temperature for 15 min. After immersing process, 

substrates heated at 100 °C for 15 min. The process repeated 10 times for achieving seed 

layer. After seed processing, Zinc oxide (ZnO) nanorods were prepared by hydrothermal 

method at 90 °C on the seed layers. A prepared Solution for Hydrothermal process contained 

0.1 M Zinc Acetate dihydrate and 0.1 M hexamethylenetetramine (VL: 1:1). The solution was 

transferred into Teflon lined stainless-steel autoclave (50 ml). Then, the seed layer put into 

autoclave was taken at 90°C for different times. Each of these samples was characterized by 

SEM, XRD and UV for comparing morphological, structural and optical properties. 

 
 

[1] Zikun Li, Xintang Huang, Jinping Liu,Yanyuan Li, Guangyun Li, Materials Letters, 62 (2008), 1503-1506. 

[2] Zhaolin Yuan, Junsheng Yu, Yadong Jiang, Energy Procedia, 12 (2011) 502-507 
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Pulse Laser Deposition was used to obtain nanocrystalline Y2O3:Eu3+ red-emitting thin 

film phosphors. x-ray diffraction (XRD) measurement confirmed the crystallinity of the films. 

It was observed that high temperature annealing improved the crystallinity of the films. 

Photoluminescence measurement indicates intense red emission around 626 nm due to 

5D0→7F2 transition. Scanning Electron Microscopy (SEM) show agglomerates of non-

crystalline particles with spherical shapes for as-prepared films. After annealing at high 

temperature, SEM also confirms that the crystallinity of the films improved. Atomic Force 

Microscopy (AFM) further confirmed the crystallinity of the films at higher annealing 

temperatures. UV measurement gave a band gap in the range of 4.6-4.8ev. It was concluded 

that the annealing temperature plays an important role in the luminescence intensity and 

crystallinity of these films. 
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Direct alcohol fuel cells (DAFCs) are being considered as power sources for portable 

electronic devices such as notebooks, mobile phones, etc. Low molecular weight alcohols 

such as methanol, ethanol and ethylene glycol have been generally proposed as the fuel for 

proton exchange membrane fuel cells (PEMFC) due to high mass energy density, simple set-

up and availability of the liquid fuel (easy handling, storage and distribution). However, 

methanol presents some safety risks such as toxicity and inflammability. Besides, methanol 

crossover through ionomeric membranes cannot be avoided. On the other hand, ethanol 

(EtOH) or ethylene glycol (EG) appears to be potentially more attractive due to their low 

toxicity, low volatility, and high energy density, together with less pronounced crossover due 

to their larger molecular size [1]. Platinum is the best catalyst for alcohol oxidation, however, 

the high cost limits its use. Thus, a great effort has been devoted to the development of fuel 

cell electrocatalysts with the aims of increasing their activity and reducing the noble metal 

content [2]. Therefore, this work aims to prepare films of cuprous oxide Cu2O by 

electrodeposition method and then study the electrochemical oxidation of ethylene glycol, 

methanol and ethanol on the as prepared film. A Cu2O particle obtained has been 

characterized by various microscopic techniques as scanning electron microscopy (SEM), X-

ray diffraction (XRD) and electrochemical (chronoamperometry, voltammetry). It has been 

found that, the electrodeposited Cu2O film show higher catalytic activity and stability towards 

electrooxidation of these alcohols. 

 

Keywords: Cu2O; Electrodeposition; thin film; Methanol; Ethanol; Ethylene glycol 

 
 

[1] An L, Zhao TS, Shen SY, Wu QX, Chen R. Performance of a direct ethylene glycol fuel cell with an anion-  

 exchange membrane. Int J Hydrogen Energy 2010; 35:4329-35. 

[2] Park B, Cairns EJ. Electrochemical performance of TiO2 and NiO as fuel cell electrode additive.  

 Electrochem Commun 2011; 13(1):75-7  
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Many materials were investigated for elaboration of pH sensors. Most them is based 

on the metals oxides. Among them, RuO2 and IrO2 seem to be the most promising ones, as a 

consequence of their chemical stability and high electronic conductivity [1]. On the other 

hand, the rather tricky and expensive synthesis of the promising oxide limited substantially 

their interest for the elaboration of pH sensors. In parallel, manganese dioxide is probably one 

of the most studied oxides among transition metal oxides and has applications in catalysis, ion 

exchange, molecular adsorption and energy storage. It was already shown to be a material 

sensitive to pH, due either to its electrochemical reduction mechanism involving presumably 

the introduction of protons and electrons in its structure or to ion exchange mechanisms 

involving surface hydroxyle groups [1,2]. In this study, a nanostructured MnO2 thin film was 

electrodeposited on glassy carbon electrode by chronoamperometry technique from aqueous 

solutions containing sulfuric acid and manganese sulfate. The resulting films were found to 

have a nanostructured character presumably due rather to birnessite than to gamma-MnO2, as 

suggested by their Raman and XRD signatures and they have also a semiconductor character 

showed by CS-AFM method with a low surface conductivity at the nanoscale. The growth of 

a nanostructured MnO2 thin film depends on the synthesis conditions. The calculations of 

thickness of MnO2 thin film led to thicknesses varying between 93 nm and 542 nm for 

electrolysis times varying between 30 s and 300 s. The influence of the deposition potential 

using different potential values with 60 s electrolysis time showed that the thickness of these 

films increases from 40 nm to 160 nm when the deposition potential varied from 625 to 695 

mV vs SSE. Beyond this second value, the film thickness is stable and then slightly decreases 

as the deposition potential increases to reach 1086 mV vs SSE. Electrodeposited MnO2 thin 

films lead to modified electrodes that present an obvious although complex pH dependent 

potentiometric response in aqueous solutions. This sensor indeed showed a single slope non-

Nernstian linear behaviour over the whole pH range as this latter increased from 1.5 to 12 

(trace) whereas a Nernstian two slopes linear behaviour is observed when pH decreased from 

12 to 1.5 (re-trace). This peculiar behaviour was observed whether the trace and the re-trace 

were obtained both or each with a single manganese dioxide thin film, with a single aqueous 

solution having the adequate pH, whatever the pH of the starting point was (1.5 or 12).  

 

Keywords: MnO2, electrodeposition, nanostructure, growth, thin film, pH sensing. 

 
[1] A. Fog, R.P. Buck, Sens. Actuators, B 5 (1984) 137-146. 

[2] L. Qingwen, W. Yiming, L. Guoan, Sensors and Actuators B 59 (1999) 42-47. 
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Plasma electrolytic oxidation enables one to form the multifunctional protective 

coatings at the surface of various metals and alloys with a unique complex of properties, 

including anticorrosive, antiscale, bioinert, bioactive, wearproof etc. Heterooxide layers 

formed by this method have a porous rough surface of outer layer, good adhesion to the 

substrate, and therefore can be used as convenient basis for formation of the composite layers, 

which contain nanosized inorganic and polymeric particles in its composition. Thereupon, 

superdispersed polytetrafluoroethylene and its low-molecular fractions should be taken into 

account. It is caused by the varied properties of this fluoropolymer and its practical relevance. 

As inorganic materials for synthesis of the new composite layers improving properties of a 

surface, nanostructures powders (particle sizes <100 nm) W, WC, Со, SiO2, ZrO2 and Al2O3 

were used. 

We have developed a stable electrolytic systems having complex composition, which 

can be used for metals and alloys treatment by means of plasma electrolytic oxidation 

method. It have been ascertained that coatings possess by complex of practically useful 

properties. 

The presented research demonstrated the availability of the application of various fractions of 

superdispersed polytetrafluoroethylene for the forming of the composite polymer-containing 

anticorrosion, bioinert, antifriction layers on metals and alloys. Application of multiple 

fluoropolymer spreading followed by heat treatment and inorganic nanosized compounds 

allow obtaining defectless composite layers, which have the optimal protection properties (the 

charge transfer resistance increases by 5-6 orders of magnitude, microhardness of 8-10 times, 

friction coefficient reduces by one order of magnitude compared with unprotected 

metal/alloy). 

 
This research was financially supported by the Complex Program of Fundamental Research, Far Eastern Branch 

of the Russian Academy of Sciences ''Far East'' (6.6, 6.64) and The Minis-try of education and science of Russia 

(contract #02.G25.31.0035-225 from 12.02.2013). 
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During the past decade, manganese oxides have attracted considerable research 

interest due to their distinctive physical and chemical properties and potential applications in 

catalysis, ion exchange, molecular adsorption, biosensor, and energy storage [1]. Literature 

reviews of electrodes made from MnO2 showed that high specific capacitance and rate 

capability should be obtained in principle. However, a key weakness of the metal oxide 

material is its limited electric conductivity. To effectively utilize MnO2 materials, binary 

composites of MnO2 with either carbon nanotubes (CNTs) or conducting polymers have been 

explored and demonstrated improvement in the electrochemical performance [2]. In the 

present paper, we report a novel method to synthesis a binary MnO2CNTs composite for 

improved electrochemical Performance. The MnO2 nanoparticles were first prepared by 

polyol method using manganese chloride as the starting precursor, sodium hydroxide (NaOH) 

as a reducing agent and diethylene glycol (DEG) as a solvent and capping agent. After that, a 

kaolin membrane was first immersed in Carbone Nanotubes solution followed by drying 

several time until the color of the membrane became dark. Finally, the prepared membrane 

was immersed in MnO2 nanoparticles solution and dried. The obtained CNTs and 

MnO2/CNTs composite were characterized by various techniques such as, Fourier Transform 

Infrared (FTIR) and RAMAN spectroscopy. Electrochemical behavior of the as-prepared 

samples was assessed in K2SO4 electrolyte using a three-electrode electrochemical cell at 

room temperature under visible light.  

Key words: Electrochemical, MnO2Nanoparticles, Carbone Nanotubes, Composite, Polyol. 

 
[1] Mingtao Zheng, Haoran Zhang, Xuebin Gong, Ruchun Xu, Yong Xiao, Hanwu Dong, Xiaotang Liu and 

Yingliang Liu. Nanoscale Research Letters. 2013, 8:166. 

[2] Ye Hou,Yingwen Cheng,Tyler Hobson, and Jie Liu. Nano Lett. 2010, 10, 2727–2733. 
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We present a study of the morphology, microstructure and electrical conduction 

properties of thin copper films deposited on thermal silicon oxide and muscovite mica 

substrates. The films were deposited in a high vacuum system for thicknesses ranged from 20 

up to 100 nm. Due to the sample holder does not have a cooler system, the substrate 

temperature was increasing during the deposition, and the final temperature was close to 380 

K. The deposition rate was varied among 1, 6 and 10 nm/min. The surface morphology and 

nanostructures of the samples were characterized by AFM and SEM. The surface roughness is 

linear dependent on nominal thickness with a maxima value of 12 nm for all of the 

depositions and the grain size of 80 nm. The oxidation state of the films by their exposure to 

the air was evaluated by XPS and the oxide layer thickness was estimated from cross 

sectional HR-SEM micrographs. We identify mainly a Cu_2O on the outer most surface film 

of a few nanometers. The microstructure and crystalline texture were studied by XRD. The 

films exhibit a linear relation between the mean size of the coherent crystalline domains 

depending on the film thickness, with no further influence of the substrate nor the deposition 

rate. Besides, the films exhibit a fiber texture type (111)[001] and this preferential orientation 

was quantified by the texture factor, f_t. We measured the misoriented Bragg planes from the 

(111) reflection, and this was represented semi-quantitatively by the full with of half 

maximum, \Delta \omega , of the orientation distribution in the iso-inclination measurement 

for each film. We found that \Delta \omega depends on the film thickness and the deposition 

rate. Additionally, measurements of sheet resistance, Rs, was carried out by a four point probe 

system. Rs shows a strong dependence on the film thickness and deposition rate. It was found 

that there is a correlation between f_t, \Delta \omega and Rs in dependence of the films 

thickness. We evidence a dependence between microstructural parameters and the electrical 

conduction properties, which can be controlled by the variation of the deposition conditions, 

allowing the optimization of the physical properties of the thin copper films. We propose a 

physical model explaining the causality enrolled in this correlation.  
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 Porous materials are applied to catalysts and sensors. In general, porous metals, such as 

porous Ni, can be produced by dealloying, a chemical process which dissolves one or more 

metallic components from a precursor alloy. The dealloying process is usually carried out 

using strong acidic or alkaline liquid, for instance, H2SO4, HNO3, HCl and NaOH. However, 

as these strong acids or alkalis are not environment-friendly, another dealloying process 

which does not use strong chemicals is preferred. According to our research [J. Appl. Phys. 

106, 023524 (2009)], sputter-deposited Al films could be transformed into aluminum 

hydroxide (AlOOH) films by the hydrothermal treatment in ultrapure water. As the surface 

morphology of the film is dramatically modified by the hydrothermal treatment, Al may 

dissolve once into the water and then precipitate on the substrate as AlOOH. Therefore, we 

expected that porous noble metal film could be fabricated by the hydrothermal treatment of 

Al-noble metal alloy film without strong chemicals. In this study, Al-Pd alloy thin films were 

adopted as a model case and deposited on Si substrates by rf-magnetron co-sputtering using 

Al-Pd target. After the deposition, Al-Pd alloys were boiled in ultrapure water (18.2 MΩ・
cm) at 368 K for 110 minutes. The surface morphology was analyzed using a field emission 

scanning electron microscope (FE-SEM). The cross sectional observation was also conducted 

using a scanning transmission electron microscope (STEM). In addition, element mapping of 

the cross sectional specimen was performed by an energy dispersive X-ray spectroscopy 

(EDS) analysis. Referring to cross sectional STEM images, it was revealed that the specimen 

after hydrothermal treatment exhibits a characteristic double layered structure of a low-

density upper layer of AlOOH and a porous Pd sublayer. Based on this result, we attempted to 

prevent formation of the AlOOH upper layer by adding citric acid. Accordingly, Al-Pd alloy 

films were boiled in a dilute aqueous solution of citric acid (1.0 × 10-5 mol/L) at 368 K for 

110 minutes, and a 60-nm-thick mesoporous Pd film without AlOOH upper layer was 

fabricated. As conclusion, porous Pd films were fabricated by the hydrothermal treatment in 

the dilute aqueous solution of citric acid. Because no strong acids or alkalis are employed, this 

process is environment-friendly method compared to ordinary dealloying process."  
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Magnetic nanoparticles have attracted considerable interest in science and engineering 

because of their unique physical and chemical properties Two concepts exist to achieve 

patterned media: In the top-bottom approach (lithography [1], chemical reduction [2] etc.), the 

bulk system is modified to obtain the patterned structure and the bottom-up approach where 

the desired structure is achieved by “atom by atom” or “layer be layer”. Atomic deposition on 

a patterned template [3] is a bottom up method which can easily implemented to industrial 

purposes. In order to fully understand and control the magnetic, electric and structural 

properties of a magnetic patterned media, the initial parameters require precise 

characterisation and the change of these properties should be followed during deposition. 

 In this work we have investigated the evolution of magnetism in iron, grown on 

monodisperse 25 nm SiO2 spheres prepared by Langmuir-Blodgett technique. From nuclear 

resonant forward scattering and grazing incident small angle scattering experiments we have 

found that the development of magnetism in a few monolayer regime is highly affected by the 

topology of the surface and differs significantly from what we have obtained in case of flat 

surface.  

 
[1] D.G. Merkel, L. Bottyan, F. Tancziko, Z. Zolnai, N. Nagy, G. Vertesy, J. Waizinger, L. Bommer, J. Appl. 

Phys. 109, 124302 (2011) 

[2] Y. Fu, A. Habtemariam, A. M. Pizarro, S. H. van Rijt, D. J. Healey, P. A. Cooper, S. D. Shnyder, G. J. 

Clarkson and P. J. Sadler, J. Med. Chem. 53, 8192 (2010) 

[3] K Schlage, S Couet1, S V Roth, U Vainio, R Rüffer, M M Abul Kashem3, P M¨ uller-Buschbaum3 and R 

Röohlsberger1 New J. Phys. 14 (2012) 043007 
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Thin films of tin oxide (SnO2) dispersed in polystyrene nanocomposite (Ps/SnO2) were 

successfully prepared at room temperature by mild chemistry and deposited on glass 

substrates by spin coating route. 

A fine nanostructure characterization is revealed by the X-ray diffraction analysis and 

completed by the AFM morphology. Also, X-ray fluorescence, IR and Raman confirmed the 

incorporation of the nanoparticles of hexagonal structure SnO2 (rutile type) in the polystyrene 

matrix with nanometric size and allowed vibrational modes relative to the SnO2 molecule in 

developed thin films. 

The optical absorption spectra Ps/SnO2 nanocomposites showed the presence of peaks 

at exitonic character and a shift of absorption threshold towards blue compared to that of the 

bulk crystal by the quantum size effect (quantum confinement). The optical band gap and 

refractive index are estimated. 

 

Keywords : Nanocomposite, SnO2, Polystyrene, XRD, UV-Visible, optical properties , 

quantum confinement , FTIR, Raman. 
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In previous work [1], it has been observed that nanopar-ticles grow in C2H2 plasma 

phase in low-pressure micro-wave plasmas excited at electron cyclotron resonance (ECR). 

Several studies have been initiated to determine the origin of these nanoparticles and find 

their compositions [2]. A key role of the magnetic field has been reported: it confines 

nanoparticles precursors up to a critical size where they leave the high magnetic field region 

to the diffusion plasma. 

By embedding those nanoparticles in the deposited ma-trix, it is possible to form 

nanocomposite thin films in one single process.  

We will report that nanoparticles highly affect the intrinsic properties of the matrix. 

For example, when the matrix is insulating layer (with a classical signature in the dielectric 

loss), in presence of nanoparticles a high relaxation peak appears. This phenomenon, related 

to photo-excited process, is directly related to the density of nanoparticles. 

Then, the use of nanocomposite thin films formed in C2H2 ECR plasma will be 

described in different field of appli-cations. 

 
 

[1] Calafat M, Escaich D, Clergereaux R, Raynaud P, and Segui Y 2007 Particle Formation In Acetylene Very 

Low-Pressure High Density Magnetized Plasmas Applied Physics Letters 91, 181502 

[2] Calafat M, Yuryev P, Drenik A, Slim A, Clergereaux R 2011 Carbon Nanoparticle/Hydrogenated Amor-

phous Carbon Composite Thin Films Formed in ECR Plasma Plasma Processes and Polymers 8, 401 
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In this work, we have for the first time tested phthalocyanine based dyes in their thin 

film forms for detection of nitric oxide radical. Like other free radicals nitric oxide contributes 

to the development of several human diseases. Besides it takes place in many biological 

mechanisms occurring in human body. Nitric oxide is also a very toxic environmental waste 

of industrial processes or exhaust gases. Thus, the accurate measurement of nitric oxide is of 

great importance. The fluorescent dyes of different phthalocyanine derivatives (metal free, 

nickel, zinc, magnesium and cobalt phtalocyanines) were tested and compared for nitric oxide 

sensing with spectroscopic method. The dye doped polyvinyl chloride based thin films were 

tested for nitric oxide in phosphate buffer solution of pH 7.4. We have found that different 

from the other oxygen sensitive dyes such as pyrene and tris(2,2’-bipyridine)ruthenium 

([Ru(bpy)3]2+), the phthalocyanine based dyes exhibited increasing response to nitric oxide. 

This increase in fluorescence intensity due to nitric oxide can be attributed to a complex 

formation between the free radical and the phytalocyanine dye. In conclusion, our method 

allows for detecting ppm levels of nitric oxide at intracellular pH. The limit of quantification 

was found as 0.76 ppm for magnesium phthalocyanine. Our data suggest that the method can 

be used for the quantification of nitric oxide based on not only the steady state fluorescence 

but also the time-resolved fluorescence measurements which is more suitable for in vivo 

measurements. 
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TiO2 doping has been widely used in photocatalysis and photovoltaic cells to improve 

the performance of this semiconductor. We present the doping by transition metal cations (M: 

Mn
2+

, Co
2+

, Cu
2+

) effect on TiO2-electrode used in dye sensitized solar cells. The pure and 

metal transition M-doped TiO2 powders, with 0.6 % as atomic ratio of M to Ti, were prepared 

by sol-gel protocol and annealed at 400°C. The obtained transition metal cation doped TiO2 

powders were characterized by X-ray diffraction, Raman spectroscopy, FT-infrared 

spectroscopy and UV-Vis spectroscopy. Dye-sensitized solar cell efficiency fabricated with 

sol gel doped TiO2 powder was remarkably better than that of undoped one. Doping TiO2 led 

to significant changes in structural and optical sol gel powder properties and affects charge 

transfer kinetics and dye adsorption characteristics. The photoelectric conversion 

performances of DSSCs based on these photo electrodes were tested and compared.  

Mn-doped TiO2 powder presents the better crystallinity, the most reduced bang gap 

and the best value of power conversion efficiency for the dye sensitized solar cell assembled.  
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In last decay, ZnO thin film has reached an important place in new technologies 

because of its several properties such as semiconducting and laser emitting devices. It has a 

large band gap of 3.37 eV and a large exciton binding energy of 60 meV which make it a 

good candidate for optoelectronic applications. The conductivity of ZnO will be largely 

enhanced by doping little In, but it still keeps high transparency. So, IZO film has been 

widely investigated and is considered to be a promising possible alternative to ITO films. 

This work consist to the fabrication and characterization of ZnO:In thin films. The 

sample preparation was carried out by the colloidal method. The pure and IZO thin films were 

deposited using a dip-coating technique on glass matrix. The optimal condition for samples 

fabrication has been investigated. The XRD and Raman characterizations show that the ZnO 

thin film crystallize with a wurtzite structure. The optical properties of IZO thin films reveal 

that doping changes the optical gap of ZnO.  
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In this study, alumina layers with different thicknesses will be formed on silicon wafer 

by using magnetron sputtering method and their electrical properties of these layers will be 

determined. The process of the optimum values will be done on the magnetron sputtering 

device to form Al2O3 dielectric layer. The caracterization of obtained layers will be 

performned using XRD, XPS, AFM and SEM devices. The optimum results will be 

discussed. 

 

Key words: Dielectric layer, magnetron sputtering, Al2O3 coating 
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Anodic oxidation of aluminum, an electrochemical process for increasing the 

thickness of surface oxide film on the metal, may be modified for optimum mechanical and 

optical properties. In this research, the effect of preferred orientation of the aluminum 

substrate on the characteristics of anodized layers has been studied. Samples made from a 

commercially pure aluminum sheet were treated by thermo-mechanical processing to obtain a 

series of crystallographic textures on the surface. The samples were then anodized in 

phosphoric acid under identical conditions, and some of them were color anodized. The 

thickness of oxide layers were measured by scanning electron microscope on metallographic 

sections. Crystallographic texture of the anodized layers was evaluated by calculation of 

texture parameter using data of x-ray diffraction patterns. Evaluation of optical properties was 

carried out by spectral reflectance in the range of visible light spectrum. Experimental results 

showed that strong (111) texture of the substrate material could produce increased mechanical 

and optimum optical properties. These characteristics are discussed in the present paper in 

terms of processing parameters of anodizing treatment.  
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 Eu
3+-

doped yttrium vanadate (YVO4:Eu
3+

) thin film phosphors have been given much 

attention because of its high resolution and high efficiency planar display. The oxide based 

phosphors appeared as a potential choice for the red field emission display (FED) phosphor 

[1]. YVO4:Eu
3+

 thin films is one of the most promising red phosphor with application in high 

pressure mercury lamps, television cathode ray tube displays but mostly in plasma display 

panels. YVO4:Eu
3+

 thin films have been prepared by pulse laser deposition (PLD) which is 

known as a unique process that provides stoichiometric transfer of target materials. In this 

study the YVO4:Eu
3+

 thin films were grown at deposition pressure of 5 mTorr and the effect 

of the deposition time on the crystallization behaviour, the morphology, and the luminescence 

property of YVO4:Eu
3+

 thin films were investigated. Photoluminescence spectra showed a 

strong red emission peak at 619 nm for 
5
Do-

7
F2 transition and have other emission peaks at 

594 nm for 
5
Do-

7
F1 transition and 652 nm for 

5
Do-

7
F3 transition. This is due to energy transfer 

to Eu
3+

 ions followed by absorption of UV light in the VO4
3-

 group [2]. Crystallinity of the 

thin films has been very important for the surface roughness. The diffraction data indicated a 

cubic structure and suggest that the (200) surface is preferably orientated for films grown on 

silica substrate. X-ray diffraction (XRD) spectra indicated that an increasing in time of the 

deposition the resulted in the growth of films. The SEM images of the YVO4:Eu
3+

 thin films 

phosphor have shown that the grain size increases as the deposition time increased. It was 

observed that increase in deposition time to 45 min led to a remarkable increase of 

photoluminescence, and the intensity at 619 nm was increased by a factor of more than 10 

times in comparison with that of samples grown at 30 and 60 min. The enhanced 

luminescence was regarded as resulting not only from the improved crystallinity but also from 

the reduced internal reflections caused by rougher surfaces.  
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As a result of interaction of laser pulses and the resulting one-electron atomic systems 

with high harmonic spectrum obtained from the characteristics of high energy in recent years, 

the research topics of interest. 

In this study, we describe analytic and quantum theory of high order harmonic generation by a 

multiphoton strong-field process. 

All the calculation strong laser field currently available, simple description of 

multiphoton process based on non-relativistic Schrödinger equation and dipol approximation 

can breakdown. We discusses how non–dipole effects of order 1/c due to magnetic field 

componenet of laser pulse, influence harmonic generation. Than, the generation of high order 

harmonic in single atoms within framework of strong field approximation in semi-clasical and 

quantum mechanics model.  

The attosecond pulses from high harmonic generation as a result of a lot of scientists 

have shed light on. Pulsed lasers in today serve many different purposes of use, and works 

very delicate. Rays, x-ray beam short-wave and long-wave infrared rays are scattered far field 

of the electromagnetic spectrum for all. 

By this study, has offered a solution of high harmonic generation, large application 

and search area that uses new invented optical techniques. 
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ZnO piezoelectric thin films using a series of high quality ceramic targets have been 

deposited at 450 ºC onto glass and silicon substrates using pulsed laser deposition method. 

The used source was a KrF excimer laser (248 nm, 25 ns, 2 J∕cm
2
). The effects of glass and 

silicon substrates on structural and optical properties of ZnO films have been investigated. X-

ray diffraction patterns showed that the ZnO films crystallize in a hexagonal wurtzite type 

structure with a strong (002) orientation and the grain sizes calculated from these patterns 

decrease from 37 to 22 nm by type of substrates. The optical waveguiding properties of the 

films were characterized by using prism-coupling method. The distinct M-lines of the guided 

transverse magnetic (TM) and transverse electric (TE) modes of the ZnO films waveguide 

have been observed. In the aim to study the optical properties of the ZnO films, an accurate 

refractive index and thickness measurement apparatus was set up, which is called M-lines 

device. An evaluation of experimental uncertainty and calculation of the precision of the 

refractive index and thickness were developed on ZnO films. The optical transmittance 

spectra showed a good transparency in the visible region and the band gap 3.23 eV. 
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Thin layers of piezoelectric PZT, magnetic Co ferrite and conductive SrRuO3 

deposited on SrTiO3 (001) substrate by pulsed laser deposition technique. The resultant 

composite Pb(Zr0.95Ti0.05)O3/CoFe2O4/ SrRuO3 exhibited a clear magnetic hysteresis loop 

with the maximum magnetization of 120 emu/cm
3
 as well as a saturated polarization of 0.15 

C/m
2
. The combination of these layers shows magnetoelectric behavior with the 

magnetoelectric coefficient of 287 mV/cm Oe. Magnetoelectric properties for this composite 

also calculated based on piezoelectric, dielectric, piezomagnetic and compliance coefficients 

for PZT and CoFe2O4 phases. Caparisoning of the results, shows good correlation between 

theoretical predictions and experimental evaluations, and magnetoelectric coefficient versus 

bias DC magnetic field diagrams are almost identical, based on theoretical calculations and 

experimental measurements.   
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A new synthesized Polymer material was selected to produce spun films in order to 

investigate the detection of volatile organic vapors (VOCs). Thin films were prepared by spin 

coating method using different spin speeds. The produced films were characterized by UV-vis 

spectroscopy and Surface Plasmon Resonance (SPR). The reproducibility and uniformity of 

spun films were investigated and the film thickness and refractive index were evaluated. The 

thicknesses of spun films were found between 4.5 to 24.5 nm depending on the spin speed. 

The refractive index of the new polymer material was determined as n=1.72. Detection of 

various organic vapors was investigated using SPR system and polymer material was found to 

be sensitive to VOCs. Sensitivity of sensor material was investigated by exposure of various 

concentrations of vapors. New sensor material had a short response time and the reversibility 

was also fast and fully recovered.   
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 Novel 1,7-dibromo- N,N’-(bicyclohexyl)-3,4:9,10- perylendiimide deritave 

synthesized for this work was used as a sensor element. Different number of LB thin film 

layer was deposited onto a glass coated gold substrate to produce a thin film sensor element. 

Fabrication processes were monitored by Surface Plasmon Resonance (SPR), Fluorescence 

spectroscopy and Atomic Force Microscopy (AFM) techniques. The experimental SPR data 

were fitted using the Winspall software in order to evaluate the film thickness and refractive 

index of this novel material. Values of the thickness of LB films obtained by the Winspall 

curve fitting program and the fitting calculations produce a mean value of 0.54 nm for the 

thickness per monolayer, and values between 1.34 and 1.53 for the refractive index. Layer of 

LB thin film sensor element exposed to chloroform, benzene, toluene, ethyl alcohol vapors. 

SPR measurement technique was employed to investigate the their interaction mechanism(s). 

It can be proposed that this sensing element deposited onto gold coated glass substrates has a 

good sensitivity and selectivity for chloroform vapor.  
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 Semiconducting organic polymers are of great interest due to bond conjugation and 

delocalization of electrons at orbitals. These interesting properties make organic molecules 

arestructures for molecular plastic electronic applications. In this report, the simultaneous 

Raman spectroscopy and electrical analysis techniques to investigate organic-based devices 

and molecular structures is discussed. Combination of vibrational investigations by Raman 

spectroscopy and electrical characterization proves in real time both structural and electrical 

properties of organic-based devices, and in addition teststheir performance as well. For the 

experiments, two types of encapsulated devices were used (insets FIGURE 1). One series of 

structures were made from poly-3-hexylthiophene (P3HT)-based inks while the other one 

consisting of a blend composed of P3HT and the fullerene derivative [6,6]-phenyl-C61-

butyric acid methyl ester (PCBM). The organic inks were patterned onto Glass/ITO/Poly(3,4-

ethylenedioxythiophene) poly(styrenesulfonate) (PEDOT:PSS) substrates, followed by 

vacuum evaporation of the Al top electrode through a shadow mask. The resulting structures 

were encapsulated. In order to avoid memory effects in the experiments, similar devices from 

the same series were opto-electrically analysedin forward (Vf ) and reverse bias ( Vr), 

separately. In all experiments the applied bias started at zero voltage, followed by increment 

of the voltage. 

The measured Raman bands of the structures proved to be well sensitive to the applied 

bias in contrast with the current-voltage (I-V) measurements, where the reversible region of 

the device is overestimated. In particular, the P3HT-based device revealed pronounced 

changes of the vibrational bands at reverse and forward bias voltages. 

From the simultaneous optical and electrical characterization experiments, a reversible 

working bias window of about (-7 ; +3) V for P3HT-based devices, and (-17 ; + 11) V for 

P3HT:PCBM structures were found. In order to avoid the influence of the active layer 

thickness, the relative working bias for both devices was computed through the relation , 

which gives values 1.31 and 1.38 for P3HT and P3HT:PCBM organic interlayers, 

respectively. On the other hand, we suggest that the formation of polymorph phases at the 

polymer layers is enhanced, if “irreversible” bias voltages are applied. 
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 The aim of this work is to synthesize modified Polypyrrole films (PPy) containing 

nanoparticles of copper oxides in view to use them in the nitrate electroreduction process.  

Firstly, the chemical polymerization of polypyrrole onto cellulosic substrate is 

conducted by using FeCl3 as an oxidant and Pyrrole as monomer. Different parameters were 

tested (monomer concentration, duration of the experiment, nature of supporting electrolyte, 

temperature, etc…) in view to obtain films with different thickness and different 

morphologies. Thickness and topography of different PPy deposits (films) were estimated by 

a profilometer apparatus. The electrochemical reactivity of the obtained electrodes was tested 

by voltamperometry technique (CV) and electrochemical impedance spectroscopy (SIE). 

Secondly, the modification of the PPy film surface by incorporation of copper oxide 

nanonoparticles is conducted by applying a galvanostatic procedure from a CuCl2 solution. 

Surface characterization has been carried out using scanning microscope (SEM) coupled with 

energy dispersive X-ray analysis (EDX), Fourier-transform infrared spectroscopy (FTIR) and 

X-ray diffraction (XRD). The analysis showed clearly the presence of the copper oxide 

nanoparticles (CuO and Cu2O) in the polymer films with dimensions less than 50 nm.  

Finally, from cyclic voltamperometry experiments, the composite activity and 

selectivity for the nitrate electroreduction reaction were evaluated and compared to that of 

metallic copper sample (Cu) and of PPy. The obtained results showed that the composite 

(PPy/copper oxide) performed the best electrocatalytic effect against the electroreduction of 

nitrate ions. The peak of nitrate reduction is found to vary linearly with initial nitrate 

concentration. This electrode could be used in environmental remedies for nitrate removal 

from water by electrochemical methods. 
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The electrochemistry of copper(II) with polyphosphonate acid ligand (L) have been 

studied by cyclic voltammetry in the potential range +1.5 to −1 V in aqueous solution. Both 

anodic and cathodic electrode processes involve complicated mechanisms. The cyclic 

voltammetric study of the complexes shows irreversible redox peaks corresponding to 

Cu(II/I) couple and quasi-reversible redox peaks corresponding to copper(II/III) oxidation. 

nevertheless cyclic voltammetry at high potential scan rates allowed evaluation of the E½ 

values for the couples [CuL]
3+
–[CuL]

2+
 and [CuL]

2+
–[CuL]

+
. Reduction and oxidation 

mechanisms have been studied and the half-life of the species [CuL]
3+ 

anodically 

electrogenerated has been evaluated. The passivating layer can be related to the formation of 

polymer like Cu(I)–L layers.   
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In workplaces, especially in refineries, volatile petroleum solvents are usually in form 

of mixtures of alkanes, cyclic alkanes, alkenes (olefins) and the aromatics. Such atmospheres 

deficient in oxygen may not provide adequate sensory warning of danger. Therefore correct 

and continuous monitoring of oxygen levels in such environments is quite important. On the 

other hand, tetraphenylporphyrines are known as oxygen sensitive dyes [1]. In this work 

emission-based oxygen sensing properties of highly luminescent tetraphenylporphyrine 

derivatives (TPP) were tested in presence of some volatile organics. The TPP doped oxygen 

sensitive films and fibers of polymethyl methacrylate, silicon, poly-1-(trimethyl)-1-propyne 

and ethyl cellulose were fabricated by electrospinning technique. Utilization of electrospun 

fibers for optical gas sensing purposes resulted with many advantages such as increasing in 

surface area, sensitivity and an enhancement in all sensor dynamics. We utilized nano-silver 

particles, ionic liquid, and perfluoro compounds (PFCs) as additives to enhance the response 

to oxygen. Steady state and lifetime based spectral response of the fluorescent dye was 

measured as analytical signal in the absence and presence of the gaseous oxygen. Sensing 

characteristics of the offered design was also tested in presence of vapors of benzene, toluene, 

ethylbenzene, and xylene. 

 

 

 
 

[1]. Sevinc Z. Topal, Kadriye Ertekin, Derya Topkaya, Serap Alp, Berrin Yenigul, Emission based oxygen 

sensing approach with tris(2,2′-bipyridyl)ruthenium(II)chloride in green chemistry reagents: room temperature 

ionic liquids Microchimica Acta , 2008, Volume 161, Issue 1-2, pp 209-216  
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We have produced a quinoline yellow / p-Si organic-inorganic device by forming 

quinoline yellow thin film on a p-Si semiconductor. The electrical parameters of the device 

were determined from current-voltage (I-V) measurements in dark at the room temperature. 

The device revealed a satisfactory rectifying behavior for the forward bias I-V measurements. 

The optical energy bandgap of thin film was determined as 2.7 eV. The electrical parameters 

such as, the ideality factor and barrier height were calculated from I-V measurements. 

Furthermore, Cheung and Norde functions were used to obtain and verify of the some 

electrical parameters of the organic-inorganic device. The obtained results from all methods 

are compared and discussed.   
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Organic light-emitting diodes (OLEDs) have attracted much scientific and commercial 

interest because of their high-potential application as backlight for liquid crystal displays, 

paper-like light sources, and full-color OLEDs. Recently, white OLEDs with the ability to be 

self-emissive, extremely thin, and light are particularly suitable to be the future commonly 

used light sources. White light emission can be obtained from OLED with different 

configurations, such as multilayered structure built by small-molecular organic compounds 

emitting in different colors of light (red/green/blue), a single-layer blend of polymers 

comprising red, green, and blue light emitting materials, hybrid inorganic/organic composite 

emitters, and the excimer with single host–dopant system. However, fine tuning of the color 

emission and achievement of bright white emission are still problematic. 

In this work, we present our achievements in color tunability in a novel multilayer 

OLED based on DCM (4-(Dicyanomethylene)-2-methyl-6-[p-(dimethylamino)styryl]-4H-

pyran) as red emitter doped in a composite PVK:TPD hole-transporting layer, DPVBi [4,4′-

Bis(2,2-diphenylvinyl)-1,1′-biphenyl] as a separate blue emitting layer and zinc bis(2-(2-

hydroxyphenyl) benzothiazole) (Zn(BTz)2) as yellow emitter and electron transporting layer. 

To investigate the performance and the color-control potential of the investigated structures, 

the quantity of DCM as red dopant in the matrix in the range of 0 up to 5 %, and the positions 

and thicknesses of the different emitting layers were changed. The efficiencies, luminance and 

chromaticity coordinates of the fabricated OLED structures have been specified.  

It was established that, in all of the OLED structures with doped DCM, independently 

of presence of the blue emitting layer, the red emission color is predominated according to the 

DCM concentration in the matrix. The doped OLED by DCM concentrations from 0.075 to 

0.3% show the maximum current efficiency - two times higher in comparison with undoped 

structure. 
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ZnO is a n-type II-VI semiconductor with a wurtzite structure, a wide direct band gap 

of 3.37eV, and a large exciton binding energy of 60meV. It occupies a particular place among 

wide bandgap semiconductors (GaN, ZnS…), which have been actively studied because of 

their exceptional electrical and optical properties. There are different ways to synthesize ZnO 

nanostructures which improve these properties. The present study deals with to the fabrication 

and characterizations of ZnO thin films and Co doped ZnO with different concentrations. The 

samples preparation was carried out by Colloidal method and films were deposited onto glass 

substrates by dip-coating technique. Zinc acetate dehydrate, cobalt acetate, methanol and 

ethanolamine were used as starting materials. The obtained films were characterized by 

different techniques such as X-ray diffraction and Scanning Electron Microscopy (SEM) from 

which we deduce the orientation along (002) plan of ZnO crystals and their nanoscale size (R 

= 48 nm). The UV-Visible absorption of Co doped ZnO thin films shows a shoulder at 366 

by the nanometric size of ZnO crystallites. 

 

Organic Thin Films 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Science and Applications of Thin Films, Conference & Exhibition (SATF 2014) 
Çeşme, Izmir, Turkey, September 15 to 19, 2014 

303 
 
 

 

PB058 

Synthesis and characterization of polyaniline - silicon carbide prepared by 

electrochemical method 
 

M. Berouaken
1
, H.Menari

1
, A. Keffous

1
, N. Gabouze

1
, M. Trari

2
 

 
1
CRTSE, Division Thin films, Surfaces and Interfaces. 2, Bd Frantz Fanon, BP 140 Alger 7-Merveilles 16038, 

Algeria 
2
U.S.T.H.B, Chemical Faculty, Algiers, Algeria 

 

Email of corresponding author: lamias19@yahoo.fr 

 

The aim of this work consist to elaborate and characterization of Polyaniline (PANI) 

doped with sulfuric acid (H2SO4) and hydrochloric acid (HCl) prepared by cyclic 

voltammetry (CV) method onto a thin hydrogenated amorphous silicon carbide (a-SiC:H) 

films, which deposited onto p-type silicon and glass substrates by using a DC magnetron 

sputtering. The films are developed using a target of polycristalline silicon carbide (6H-SiC) 

with a mixture of 90%Ar/10%H2 at different experimental conditions such as power and 

deposition time. The structure and the morphological of PANI / a-SiC:H samples were 

investigated by Fourier transform infrared spectroscopy (FTIR), contact angle measurements, 

electrical conductivity, photoluminescence (PL) and scanning electron microscopy (SEM). 

This structure can be used for gas detection. 
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Aniline derivatives were polymerized onto indium tin oxide (ITO)/glass substrate by 

low pressure radio frequency (RF) plasma at constant duration. It was applied variety power 

during polymerization process and compared with each other regarding electrical and 

morphological properties. Optical emission spectroscopy (OES) measurement was used for 

determining plasma species. The thin films were characterized by scanning electron 

microscopy (SEM) and Energy-dispersive X-ray spectroscopy (EDS). The electrochemical 

properties of thin films were investigated by cyclic voltammetry (CV). It was shown that 

applied power significantly affected thin film morphology and stability.  
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 In this research polyvinylchloride based composite heterogeneous cation exchange 

membrane were prepared by solution casting technique. Chitosan-co-iron nickel oxide 

nanoparticle was also utilized as membrane surface modifier to improve the membrane 

electrochemical properties. Also the effect of additive nanoparticles concentration in modifier 

solution on properties of composite membranes was studied. SOM images showed uniform 

particles distribution and relatively uniform surfaces for the membranes. Results showed that 

membrane transport number, selectivity and surface charge density were improved slightly by 

composite layer formation on membrane surface. Also, results showed that membrane ionic 

permeability and flux was decreased initially by CS-co-Fe2NiO4 layer introducing on 

membrane surface and increased again by more increase in iron-nickel oxide nanoparticles 

ratio from 2 to 4 %wt in modifier solution. Also the PVC/CS-co-Fe2NiO4 nanoparticles 

composite membranes showed higher electrical conductivity compared to unmodified 

membrane. The results are valuable for electro-membrane processes especially in electro-

dialysis process for water recovery and waste water treatment.  
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Transparent conductive ZnO films were deposited on the corning glass substrates by 

sol-gel multilayer dip-coating. The effects of post-heat treatment processing conditions, on 

the structure, optical and electrical poperties of the ZnO films were investigated by XRD, 

AFM, SEM, spectrophotometer, PL and four-point prober (FPP) measurements. XRD patterns 

confirm the hexagonal wurtzite type polycrystalline structure of the films. Photoluminescence 

(PL) spectra show gradual decrease of intensity of exitonic and defect related peaks with 

decreasing post-heating temperature. The transmittance of ZnO thin films pre-heated at 300 

oC and post-heated at 650 oC are over 80% in visible range and exhibit absorption edge about 

368 nm. Thickness and some optical parameters such as extinction coefficient and refractive 

index have been determined by spectroscopic ellipsometry (SE).  
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In this letter the interface charge densities (Dit) are studied and analyzed for thin 

dielectric metal oxide semiconductor (MOS) devices using different high-k dielectric 

materials such as Si3N4, Al2O3, ZrO2 and HfO2. As the value of dielectric constant increases 

for the materials, Dit also increases for constant oxide thickness. The Dit have also been 

calculated using conductance method and it indicates that by reducing the thickness of the 

oxide, the Dit increases and similar increase is also found by replacing SiO2 with high-k. For 

the same oxide thickness SiO2 has the lowest Dit and found to be the order of 10
11

 cm
-2

eV
-1

. 

Linear increase in Dit has been observed as the dielectric constant of the oxide increases. The 

Dit is found to be in good agreement with published fabrication results at p-type doping level 

of 1 × 10
17

 cm
-3

. Numerical calculations and solutions are performed by MATLAB and 

device simulation is done by ATLAS.  
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One of the major research topics in the spintronic community is the manipulation of 

the magnetization through spin-orbit torques (SOTs) induced by in-plane current [1-3]. The 

SOTs originate from the spin-orbit coupling in a structurally asymmetric system, such as in 

heavy metal/ferromagnetic layer/oxide heterostructures. When a charge current flows inside 

the heavy metal, spin-polarized electrons are generated and accumulated in the 

ferromagnetic/metal interface, generating the SOT on the magnetization of the ferromagnetic 

layer. By utilizing this effect as the writing method, the writing energy can be further reduced 

compared to the conventional spin-transfer torque writing method [2]. Many heavy metals 

have been used as the SOT material, such as Pt, Ta and W. Recently, spin Hall effect was 

observed in structures involving Hf layers , which can enhance the perpendicular anisotropy 

and consequently increase the stability compared with the other materials [4]. However, the 

detailed study about this material is still absent. 

In this work, we study the seed layer thickness dependence of perpendicular magnetic 

anisotropy (PMA) and studied the spin Hall effect in Hf(t)/CoFeB(1.1)/MgO(2)/Ta(2) 

(thickness in nanometers) structures. All of the samples were deposited on Si substrates with a 

thermally oxidized SiO2 by an AJA Magnetron Sputtering System. The films were patterned 

into 20 × 130 µm2 Hall bar structures by photo-lithography and dry-etching techniques. The 

thickness dependence of PMA was firstly studied through a magneto-optical Kerr effect 

(MOKE) measurement. The PMA of the films depended on the seed layer thicknesses. While 

the perpendicular easy-axis loops displayed a square shape when the thickness of Hf was 

higher than 1nm, it has a linear behavior with the external magnetic field below 1nm, 

indicating that the magnetic anisotropy changed from in-plane to perpendicular when the 

thickness of Hf is increased. In addition, we performed transport measurements to investigate 

the SOT driven switching in devices with different seed layer thickness using Anomalous 

Hall Effect (AHE) measurements under in-plane magnetic bias field (Hx). We observed that 

all films with different seed layer thickness showed current-induced magnetic switching under 

an in-plane magnetic field. Since the PMA in the thicker Hf thickness samples is stronger than 

the others, there is more external magnetic field and current needed to switch fully at thicker 

Hf thickness layer using currents. 

In conclusion, we report the effect of Hf seed layer thickness in Hf/CoFeB/MgO/Ta 

structures using MOKE for magnetic properties of the films and AHE measurement for 

transport properties of the devices. The seed layer thickness also has a pronounced effect on 

the magnetic switching behavior. The results are important for the design and optimization of 

magnetic random access memory (MRAM) devices utilizing SOT switching, to achieve low 

energy dissipation and high density.   

 

Science of Thin Films and Quantum Effects 



Science and Applications of Thin Films, Conference & Exhibition (SATF 2014) 
Çeşme, Izmir, Turkey, September 15 to 19, 2014 

309 
 
 

 

PB064  

Surface Electronic Structure of Semimetal/metal Bi Films on GaAs (110) 

Study by UV Photoemission Spectroscopy 

 

Mahmoud Abusamak 

 
Al-HUniversityussein Bin Talal , Physics, Jordan 

 

Email of corresponding author: mabusamak@ahu.edu.jo 

 

A high-resolution ultraviolet photoelectron spectroscopy (HRUPS) investigation of a 

semimetallic Bi nanofilms 0n GaAs (110). Bi occupied electronic states close to Fermi level 

in different growth morphology condition on Bi/GaAs (110) interface at low temperature (LT) 

and room temperature (RT) is presented. The photoemission results, obtained with a helium-

discharge lamp on the Bi/GaAs(110) interface shows strong modifications in the electronic 

structure of the LT deposited Bi overlayer upon annealing to RT, accompanied by developing 

of a sharp low energy electron diffraction (LEED) pattern. This behavior is consistent with 

the hypothesis of quantum size effects (QSE) influence on growth morphology.  
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Controllable combination of magnetic metal with carbon is an attractive route in 

design of new nanomaterials with application potential in novel technologies, i. e. information 

storage, spintronics, and molecular electronics. Thus, the attempts to combine cobalt and 

fullerene within a continuous thin layer have revealed several remarkable outputs of this 

strategy, such as the nanostructure self-assembling, giant magnetoresistance, 

superparamagnetism, etc. In this report we demonstrate a drastic effect of the metal content on 

nanostructure and magnetic properties of the Co-C60 thin films. Two kinds of the CoxC60 

thin films including respectively very low (x < 1, UDM) and very high (x > 20, SSM) content 

of Co were fabricated on clean Si(100) substrates using method of simultaneous deposition. 

Structure and composition of the deposited films were analyzed using atomic force 

microscopy, Rutherford backscattering, and Raman spectrometry. Analysis of the magnetic 

properties of the films was carried out using superconducting quantum interference device 

(SQUID). The performed structural analysis argues the formation of the cobalt fulleride phase 

in the UDM films and nanocomposite structure in the SSM films, respectively. The magnetic 

properties of the mixed films show dramatic change upon the composition variation revealing 

stable ferromagnetism in UDM and superparamagnetic effects in SSM. The obtained results 

allowed us to discuss the composition-dependent structure self-assembling in the deposited 

mixed films. 
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This paper analytically investigates an electron-beam processing for nanoscale films. 

Nanoscale film is widely utilized to fabricate the microelectronical devices. Some patterns 

and nanostructures need to be formed on the film. Electron beam is applicable tool to achieve 

these patterns and nanostructures on the nanoscale film. In nanoscale, physical and chemical 

properties of materials are different from the bulk materials and the traditional thermal 

transport model can not well-suited. This study employs the nanoscale thermal transport 

model to analyze an electron-beam processing for nanoscale films. The effects of material 

properties and processing parameters on the electron beam ablation of nanoscale film are 

discussed.  
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Self-ordered arrays of Ni, Ni(50)Pd(50) and Ni(78)Pd(22) nanowires were synthesized 

by simultaneous electrochemical deposition of Ni and Pd components into porous templates 

of anodic aluminum oxide using alternating current. 

Investigation of structure and chemical composition of bicomponent nanowire arrays 

along the cross-section shows intrinsic inhomogeneous metal distribution where areas of high 

Ni concentration, containing metal nanoparticles with diameter less than 5 nm, alternate with 

amorphous Pd enriched areas.  

Magnetic anisotropy of nanowires is studied with magnetic resonance spectroscopy by 

analyzing the values of demagnetizing factors calculated for nanowire arrays and for a single 

nanowire. Perpendicular magnetic anisotropy is observed for Ni and Ni(78)Pd(22) nanowire 

arrays while Ni(50)Pd(50) reveals an easy in-plane magnetization. At the same time an easy 

magnetization axis of every particular nanowire is directed along its long axis. Thus magnetic 

anisotropy of Ni and Ni-Pd nanowire arrays is governed with competition between the shape 

of metal nanowires and their exchange interaction. 
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The paper presents investigation results of frequency and temperature dependences of 

the electrical properties of nanocomposite produced by means of ion sputtering targets 

consisting of metallic alloy plate Co45Fe45Zr10 with marked ferroelectric stripers 

(Pb81Sr4(Na50Bi50)15(Zr57.5Ti42.5))O3 on it, under an argon atmosphere with a low 

oxygen content with its partial pressure PO2 = 4.2•10-3 Pa  

Measurements of electrical parameters for 

(Co45Fe45Zr10)x(Pb81Sr4(Na50Bi50)15(Zr57.5Ti42.5))O3](100-x) nanocomposite are made 

for the measurement frequency range from 50 Hz to 1 MHz and temperature range from 77 K 

to 373 K. During the tests the sample was subjected to 15 minutes annealing. Hopping 

conductivity model for nanocomposite of metal-dielectric type, produced by means of ion 

sputtering , was elaborated. The model includes the structure and electrical properties of 

nanocomposites for nanoparticles of the metallic phase and the dielectric matrix. The paper 

includes comparison of the results of modeling and experimental data.  

Isochronous annealing caused appearence of rapid frequency and temperature 

dependences of conductivity. It can be explained by additional oxidation of nanograins 

surface of metallic content during annealing process, what can cause changes in conduction 

type from metallic to the hopping. According to the hopping conductivity model the 

conduction of resistive or capative type can be observed in low frequency range. Voltage 

resonance also can be observed in the intermediate frequency rage [1, 2].  

 

 
[1] T.N. Kołtunowicz, P. Zhukowski, A.K. Fedotov, A.V. Larkin, A. Patryn, B. Andriyevskyy, A. Saad, J.A. 

Fedotova, V.V. Fedotova; Electronics and Electrical Engineering 19 n. 4 (2013) pp 37-40. 

[2] T.N. Kołtunowicz, J.A. Fedotova, P. Zhukowski, A. Saad, A. Fedotov, J.V. Kasiuk, A.V. Larkin; Journal of 

Physics D: Applied Physics 46 n. 12 (2013) 125304. 
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The paper presents results of investigations composition of nanocomposite 

(CoFeZr)x(CaF2)(100-x) produced in the atmosphere of pure argon. Sputtered target consist of 

plate of ferromagnetic alloy Co45Fe45Zr10 with dielectric plates CaF2 on the surface. 

Atomic percentage of elements obtained by Method Standartless Quantitative Analisis 

and compared with the stoichiometric composition of the sample. The actual composition bit 

different from the stoichiometric composition. This is related to the dispersion of fluorine in 

vacuum during sputtering target. 

The measurements have been performed at a testing stand that has been elaborated and 

made in the Department of Electrical Devices and High Voltage Technology of the Lublin 

University of Technology. The electrical properties were performed at altering current 

frequency ranging from 50 Hz to 5 MHz for measuring temperature values from 77 K to 373 

K. Each time, after measurement the sample has been subjected 15-minute annealing in the 

tubular furnace at a temperature range from 398 K to 573 K at the 25 K step [1]. Frequency 

dependences of phase angel, capacity and conductivity have been determined for 

nanocomposite (CoFeZr)x(CaF2)(100-x). Analysis shown that the material after annealing exhibit 

phenomenon of voltage resonance and current resonance [2]. 

 

 

[1] T.N. Kołtunowicz, P. Zhukowski, V. Bondarie, J.A. Fedotova, A.K. Fedotov; Acta Physica Polonica A. 123 
n.5 (2013), pp 932-934. 

[2] T.N. Koltunowicz, P. Zhukowski, V. Bondariev, A. Saad, J.A. Fedotova, A.K. Fedotov, M. Milosavljevic, 

J.V. Kasiuk; Journal of Alloys and Compounds (2014). DOI: 10.1016/j.jallcom.2013.12.125. 
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Multiferroic hexagonal YMnO3 (YMO) material has attracted considerable attention 

of the scientific community over last decade as the absence of non volatile elements makes it 

a suitable candidate for memory devices. Particularly the thin films of YMO are more 

attractive because they show enhanced polarization as compared to their bulk counterpart. 

Recent reports suggest that the nanoparticles of YMO can display exchange bias phenomenon 

caused by the exchange interaction between the compensated antiferromagnetic (AF) spins 

and uncompensated surface spin of the nanoparticles.[1] Pure YMO depicts AF transition 

around 70K, but when Mn concentration is in excess, YMO can display spin glass 

behaviour.[2,3] The growth mechanism of YMO thin film is very complex and the 

concentration of Y or Mn ions can vary in the thin film of YMO depending on the deposition 

parameters.  

In this work, we have grown the single phase thin films of YMO which have excess 

Mn. The excess Mn in YMO results in introduction of Mn
2+

 ions with some oxygen 

vacancies. The Mn rich YMO film shows metastable magnetic behaviour at low temperature. 

The ferromagnetic interaction between Mn
2+

/Mn
3+

 ion compete with the frustrated AF 

ordering of YMO and induces metastable magnetization. A hysteresis in the magnetization 

verses field (M-H) curves measured at 2K is observed. The striking feature named as 

exchange bias (EB) is observed in the ZFC (zero field cooled) M-H curves. The ZFC EB is 

investigated further by a set of magnetization measurements and is attributed to the newly 

formed interface between different magnetic phases during the initial magnetization process. 

The observed EB behaviour In Mn rich YMO films may add new research dimensions to this 

multiferroic material for device's fabrication. 

 
[1] Samta Chauhan, S. K. Srivastava and R. Chandra, Appl. Phys. Lett. 103, 042416 (2013). 

[2] Manish Kumar, R. J. Choudhary and D. M. Phase, Appl. Phys. Lett. 102, 182902 (2013). 

[3] W. R. Chen, F. C. Zhang, J. Miao, B. Xu, X. L. Dong, L. X. Cao, X. G. Qiu, B. R. Zhao and Pengcheng Dai, 

Appl. Phys. Lett. 87 , 042508 (2005). 
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Mg-doped zinc oxide thin films have been prepared by spray pyrolysis (SP) technique of zinc 

acetate and magnesium nitrate, and the effect of thickness on structural and optical properties 

has been investigated. The structural and optical characteristics of the undoped and doped 

films were examined by X-ray diffraction (XRD), UV-visible and raman spectroscopy. These 

films, deposited on glass substrates at an optimal substrate temperature (TS = 300, 350 and 

400 °C), have a polycrystalline texture with a hexagonal structure. Transmission 

measurements showed that for visible wavelengths, the Mg-doped ZnO films have an average 

transmission of over 90%. The optical parameters have been calculated. The dependence of 

the refractive index, n, and extinction coefficient, k, on the wavelength for the sprayed films 

is also reported. Optical band gap of the Mg-doped ZnO is 3.30 and 3.55 eV, respectively, 

depending on the film thicknesses. 
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There is a growing interest in and technology of electromagnetic waves (EM) in 

terahertz frequency region (0.1-10 THz) due to their variety of application areas in the 

physical, astronomical, medical and biological sciences, including imaging, spectroscopy, 

information technology, medical diagnosis and the detection of explosives [1]. Rapidly 

increasing applications of the EM waves in the under developed terahertz frequency range 

requires a well understood technique of efficient terahertz wave detection. Single crystal of 

Bi2212 has natural the intrinsic Josephson junctions (IJJs) which are homogeneous in the 

atomic scale along the c-axis of Bi2212 single crystals. Highly-uniform junction arrays can 

use as oscillator and detector for THz electromagnetic wave. Intense, coherent and tunable 

THz radiation from intrinsic Josephson junctions (IJJs) in layered high temperature 

superconductor has been reported recently [2]. As a type of detectors, emitting Josephson 

junctions made from Bi2212 provide sufficient power to allow room temperature THz 

detectors, such as Golay cells and pyroelectric detectors, due to the high emitted power [3]. In 

this work, we investigated various experimental techniques to fabricate hot electron bridge 

bolometer for efficient THz detection. Nowadays, for detection of THz waves several 

instructive ideas have been proposed and tried to construct different types of bolometers [4, 5] 

but they require very difficult and costly cryogenic spending and slow response times. Among 

them hot electron bolometers (HBE) holds a great potential because of their fast response 

time. Another advantage of HBEs is that arrays of them could be placed on a single chip. 

HEB gets lots of interest and many different works have been published [6]. In the 

experimental procedure, for high sensitive terahertz radiation detection, log-periyodic antenna 

like bridge structure of a bolometer have been fabricated from cleaved and coating with 100-

150 nm gold on Bi2212 crystals by using electron beam lithography and ion beam etching 

techniques. For the electrical characterization, resistance v.s. temperature (R-T) behavior was 

measured by four probe technique in He flow cryostat controlled by Labview program. 

 

This research is partially supported by SANTEZ project number 1386.STZ.2012-1. 

 
[1] M. Tonouchi, Nat. Photonics 97, 1 (2007). 

[2] L. Ozyuzer et al., Science 318, 1291 (2007). 

[3] F.Turkoglu et al., Supercond. Sci. Technol. 25, 125004 (2012). 

[4] A. Luukanena and J. Pekola, Appl. Phys. Lett. 82, 3970 (2003). 

[5] P. L. Richards, J. Appl. Phys. 76, 1 (1994). 

[6] X. Wang, L.X. You, D.K. Liu, C.T. Lin, X.M. Xie, M.H. Jiang, Physica C 474, 13 (2012). 
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Terahertz wave is a subject of active research that can be used for variety of 

applications such as secure wireless communications, cancer detection, airport screening of 

passengers for weapons, explosives, drugs, etc. Aim of this study to demonstrate that coherent 

continuous-wave THz radiation of sizable power can be extracted from intrinsic Josephson 

junctions in the layered high-temperature superconductor Bi2Sr2CaCu2O8 (Bi2212) [1]. In 

addition, we have fabricated rectangular triple mesa structures on a same chip with various 

mesa surface areas. E-beam lithography and ion beam etching techniques were used to 

fabricate such kind of mesas. In this study, mesa structures were created which have different 

areas (300×50, 200×50, 100×50 μm2) on the same crystal. First of all, single crystal of 

Bi2212, which is highly anisotropic high-Tc superconductor, is considered as a stack of 

intrinsic Josephson junctions (IJJs) on atomic scale is glued onto a sapphire substrate from its 

smooth a-b surface by silver epoxy and then the crystal was cleaved using an adhesive tape 

[2]. Subsequently, gold layer about 100 nm was evaporated on to the sample to protect the 

smooth layer of Bi2212 from chemical reactions. Also this step relieves to get electrical 

contacts for characterization. After that, e-beam lithography process was completed to 

fabricate the rectangular mesa structures on the surface of an underdoped Bi2212 crystal. 

After the fabrication of mesa part, atomic force microscope, SEM, surface profilometer were 

used to determine accurate dimensions of triple mesa structure. In order to characterize the 

Bi2212 mesas, c-axis resistance versus temperature (R-T), and current-voltage behavior (I-V) 

were measured. By using result of I-V characteristics, critical current of each mesa structure 

having different dimension was achieved, critical current densities of each mesa structure 

were calculated. As a result, relation between current density and surface area, and their effect 

on THz emission were examined by this study.  
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We demonstrate that oxidation over Al crystalline nanowire surface may play an 

important role or not in the tensile deformation mechanism during room temperature. The 

effect of native oxidized over metallic Al nanowire is known little about deformation 

mechanisms. The effects of surface oxide thickness on deformation behaviors of crystalline 

Al nanowires are studied with molecular dynamics (MD) simulations at room temperature 

(300K) under uniaxial tensile strain with the variable charge model that allows charge 

dynamically transfer among atoms. The present simulations are performed on crystalline 

aluminum nanowire with the diameter 10 nanometers and length 30 nanometers for different 

oxide thicknesses over Al nanowire surface. Al nanowires are stretched along the [001] 

direction at a constant strain rate of 108 s-1, using the Reactive Force Field interatomic 

potential model proposed by Adri van Duin. This potential model results provide a powerful 

tool to quantifying and understand the atomic level deformation mechanism controlling the 

oxidation thickness over Al metallic nanowire. In particular, we investigate the relation 

between strain-stress as a function of oxidized thickness over Al nanowire. MD simulation 

results show that the oxidation thickness around Al nanowire is sensitive to the Young’s 

modules constant. 
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It is known that the photocatalytic activity of the TiO2 on splitting water into oxygen 

and hydrogen is enhanced very much by adding some sodium carbonate into the reactant 

water [1]. In this conference, to elucidate the role of the sodium carbonate, molecular 

dynamical properties on the ions originating from sodium carbonate in water around at the 

TiO2 photocatalyst surface investigated by first principles molecule dynamics simulation at 

room temperature condition will be discussed. In this study, a super cell model including a 

slab (thin film) exposing (001) surface of rutile TiO2 at the cell bottom was used. Four-fold 

oxygen coordinated Ti (4c-Ti) atoms were exposed at the surface. During the dynamical 

simulation under thermal equilibrium state at 300 K, a stable -Ti-O-C(O)O-H adsorbate 

structure was found at the surface in addition to the –Ti-O-H or –Ti-O-H2 adsorbate structure 

originating from dissociative or nondissociative adsorption of a water molecule. Sodium ions 

are also moving around the exposed O atoms at the surface with keeping the atomic Na – O 

distance to be 2.3 ~ 2.5 Angstroms. Since the main differences in the concerned system from 

the simple inhomogeneous system including TiO2 and water is the presence of the Na2CO3, 

the -Ti-O-C(O)O-H and the –O-Na structures should bring us the clues to elucidate the origin 

for the high performance in the inhomogeneous photocatalytic system constructed by the TiO2 

in contact with aqueous sodium carbonate solution. In addition to the characteristic adsorbate 

structures, some related electronic structures of the inhomogeneous system will be also 

discussed in this conference. It should be profoundly interesting since it will be discussed 

comparing with the system in absence of the sodium carbonate. 

 
Reference: 

[1] K. Sayama and H. Arakawa, “Significant Effect of Carbonate Addition on Stoichiometric 

Photodecomposition of Liquid Water into Hydrogen and Oxygen from Platinum Titanium(IV) Oxide 

Suspension”, J. Chem. Soc.-Chem. Commun., pp. 150-152, (1992) 
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Reactive oxygen species (ROS), including hydroxyl radicals (HO), superoxide anion 

(O
2-

) and hydrogen peroxide (H2O2) are produced in various physiological processes and can 

be used as an early indicator for cytotoxic events and cellular disorders.[1], [2] Among all 

ROS, H2O2 is the most stable species and can be particularly harmful since it can diffuse 

across membranes through water channels and cause biological modifications such as 

peroxidation of cell membrane lipids, DNA bases and backbone hydroxylation at distal 

areas.[1] H2O2 is also a by-product of many oxidative biological reactions, including those of 

glucose oxidase, cholesterol oxidase, alcohol oxidase, galactose oxidase, etc, and an essential 

mediator in food, pharmaceutical, clinical, industrial and environmental analyses.[3] Thus it is 

of prime importance to design biosensors for detection of H2O2 with high sensitivity, good 

stability, large detection range and good selectivity. While enzymatic biosensors for H2O2 

detection have shown good performances with low detection limits, there are several 

drawbacks associated with enzyme-modified electrodes such as the high cost of enzymes, 

long-term stability and complexity of immobilization.[3] Furthermore, the enzyme activity is 

highly affected by the temperature and the pH of the sensing medium. To alleviate these 

hurdles, there has been recently a huge focus on the development of nonenzymatic sensors for 

the detection of H2O2 and other bio-relevant species.[4] 

In this work, we show for the first time that silicon nanowires can be successfully 

applied for H2O2 sensing using a colorimetric assay in an aqueous solution of 2,2’-azino-

bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS). The sensor exhibits a good detection limit 

of 35 nM.  
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Nano-scale roughness (i.e., nano-scale particles) and micro-/nano- hierarchical 

structures were fabricated on steel substrate by sol-gel method. The same wetting behavior 

observed on the films indicated that the superhydrophobicity could be fabricated without the 

micro-/nano- hierarchical structures. It has been proved that the superhydrophobicity is not 

adequate to evaluate the anti-corrosion ability in humid air. The particle size of the nano silica 

is crucial for the formation of electrolyte film, which thereby results in the better corrosion 

resistance in humid air. Compared with the surface chemical compositions, the nanocluster 

plays more important role in anti-corrosion ability.  
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In this paper it has been deposited films of titanium oxide (TiO2), on a support of glass, by A 

D.C. magnetron sputtering system, by varying the working pressure (p = 5-20mTorr) of the 

substrate temperature on three levels.  

The obtained layers were investigated and characterized by optical microscopy, Scanning 

Electron Microscopy SEM, X-ray diffraction and Atomic Force Microscopy. It was observed 

that, by modifying technological parameters of the process (working pressure and substrate 

temperature) it is changing the initial orientation of the compounds ((100) turns into (101) or 

(002)). The AFM analysis has allowed the observation of the fact that the average roughness 

of the Ti deposition increases with the working pressure and substrate temperature. 

SEM analysis showed that the density of the deposit increases with substrate temperature with 

values of over 11%. The granulation of the films obtained, presents an increasing trend with 

the variation of process parameters. 

 

 

  

 

Theory of Structure, Surface and Interface 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Science and Applications of Thin Films, Conference & Exhibition (SATF 2014) 
Çeşme, Izmir, Turkey, September 15 to 19, 2014 

324 
 
 

 

PB079  

The Influence of the Surface on the Thermoelectric Properties of SnTe:Bi 

Thin Films 
 

Lyubomyr Nykyruy
1
, Rasit Ahiska

2
, Ivan Chavjak

3
 and Nataliia Freik

3
 

  
1
Vasyl Stefanyk Precarpathian National University Physical-Technical Ukraine  

2
Gazi University, Ankara, Turkey 

3
Vasyl Stefanyk Precarpathian National University, Ivano-Frankivsk, Ukraine  

  

 

Email of corresponding author: lyubomyr.nykyruy@gmail.com  

 

Tin telluride is widely used in semiconductor technology. It is promising as material for 

thermoelectric medium temperature range (500-750) K.  

This paper presents the results of study of the structure and thermoelectric properties of Tin 

Telluride thin films doped bismuth derived by vapor-phase deposition in vacuum on fresh 

chips (0001) single crystals of mica-muscovite substrates at evaporation temperature Te = 870 

K, and temperature of substrate (deposition) Ts = 470 K at the different times of deposition 

times τ = (5-360) sec. The above conditions provided the thickness of the condensate within d 

= (40-800) nm. These nanostructures were studied by methods of atomic force microscopy 

(AFM) by Nanoscope 3a Dimention 3000 in the periodic contact. 

The enriched p-type layer form on films surface during their exposure on air due of the 

acceptor action of oxygen. The analysis of the electrical properties of the films made on the 

basis of two-layer model of Petritz to estimate the conductivity of the surface layer. Thin 

films in this model are contains two layers: the near-surface (I) (area of surface charge) and 

bulk (II), and these layers are connected in parallel.  

The surface layer parameters estimated by the model of Petritz satisfactorily describe the 

experimental results. 

Was investigated that all SnTe:Bi films, regardless of the conditions of obtaining them are 

characterized by stable p- type of conductivity. The concentration of holes in surface layer 

more than an order of magnitude higher than bulk concentration for all samples irrespective of 

type of substrate. We explain this result to the adsorption of oxygen by free surface of 

condensates. And conductivity increases with next saturates with increasing of the thickness 

of condensate. It reaches significant values (5000-6000) Ohm
-1

cm
-1

 at thickness 600 nm. The 

Seebeck coefficient also increases to value (100-120)mV/K, but this take place with decrease 

of the thickness of condensate less than 100 nm. 

As for the other transport coefficients (Hall concentration and carrier mobility), the thickness 

dependence have opposite character of changes. Was obtained that concentration of holes 

decreases with increasing of the thickness of condensate and with increases of mobility. Note, 

that the dominant role in the thickness dependence of electrical conductivity of the 

condensates have the mobility rather than the carrier concentration. 

Thus, a high conductivity coupled with a significant value of Seebeck coefficient of SnTe:Bi 

films enabling stable over time thermoelectric material of p-type of the conductivity which is 

promising for building film microcouples for thermoelectric energy conversion. 

 
This research is sponsored by NATO's Public Diplomacy Division in the framework of ""Science for Peace"" 
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In recent times the gate oxide thickness has been reduced significantly. The 

progressive miniaturization of metal-oxide-semiconductor (MOS) devices has caused a 

number of phenomena to emerge such as quasi-breakdown, direct tunneling and stress 

induced leakage currents. Such phenomena drastically modify the performance of the scaled-

down MOS devices. Attempts are being made across the world to replace the conventional 

silicon di-oxide (SiO2) with different high-k dielectric materials. In this regard Aluminum 

Oxide (Al2O3) has got a lot of Interest and a promising material for future Integrated Circuit 

(IC) technology. As a part of this research work, an effort has been made to model and 

measurement of tunneling current for thin oxide thickness based MOS devices. A simple 

possible mathematical modeling has been proposed to calculate the tunneling current keeping 

charge particles involved as free particles using high-k dielectric material Al2O3 as oxide 

material and compared it with conventional SiO2 based MOS devices. It has been found that, 

as oxide thickness is reducing an increase in tunneling current was observed. For the same 

oxide thickness Al2O3 has lower tunneling current than SiO2. Good agreement has been 

observed for theoretical and simulation result. The simulation has been done using device 

simulator ATLAS, a commercial TCAD tool from SILVACO and the numerical computation 

has been done using MATLAB.  
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In this study, vanadium pentoxide (V2O5) thin films were deposited onto n-type 

silicon (n-Si) and glass substrates by radio frequency (RF) magnetron sputtering at 100 oC. 

The deposited films were annealed using convensional thermal annealing (CTA) system in air 

atmosphere for 1 h at temperatures of 200 oC, 300 oC, 400 oC and 500 oC. The deposition 

temperature and post-deposition annealing effects on morphological properties of the films 

were investigated by high performance atomic force microscope (hpAFM) using dynamic 

mode scanning. The scan area was 3x3 μm2 and the scan rate was 1 μm/sec. All 

measurements were made at RT. It was found that the films deposited at various substrate 

temperatures had different root mean square (RMS) values of the surface roughness. RMS 

values and grain size which was evaluated by measuring the size of hillock increased with 

increasing the deposition and post-deposition annealing temperature. The surface morphology 

of the films, except deposited on glass substrate at 500oC, was quite uniform at nanoscale. It 

was clear that the quality of the surface morphology of the films on glass substrate was 

disappeared at 500 oC. The AFM results indicated the surface morphology of the films was 

largely affected by substrate temperature. 
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 We reported ultraviolet-green luminescence, optical phonon modes and surface 

morphologies of oxygen deficit and annealed nano-crystalline ZnO thin films. 

Photoluminescence study established the green emission quenching with reduction of oxygen 

vacancies and show no more stability with annealing while ultraviolet emission was 

considerably enhanced. The green and orange emissions were not observed simultaneously, 

however orange emission was obtained at the expense of green emission quenching. Raman 

scattering demonstrated that the intensities of E2 (high), E1 (low) and A1 (LO) modes 

strongly depend on oxygen vacancies and were correlated to the density of oxygen vacancies. 

The atomic force microscope showed that the film has smooth morphology with root-mean-

squared roughness 48.6 nm after annealing while the oxygen deficit film presented a rough 

surface. Transmission and optical band-gap was increased while the Urbach-energy was 

decreased after annealing. These properties manifested compatibility and incongruity of these 

materials for the fabrication of shorter-wavelength light-emitting devices.  
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 The aim of this experimental work is identify most important physical and chemical 

processes on the surface during hydrogenated amorphous carbon films formation on the 

silicon surface with various chemical activities of metals clusters (Cu, Ag, Au).Duration of 

films deposition on different temperature (25 °C, 100 °C and 250 °C) of n type silicon (100) 

surface was 45 s. Velocity of film growth from C2H2 gas plasma depends on nature of metals 

and surface temperature and is variable (0.2-0.5 nm/s). Data of null ellipsometry, Raman 

spectroscopy and EDS show that formation of amorphous carbon film is in the early stage and 

mixture of Si-C, Si-COH and graphite like carbon (GLC) fragments is dominant on the 

surface.   
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Vanadium dioxide (VO2) which is a transition metal compound demonstrates metal 

insulator transition (MIT) property. VO2 used as a channel layer in field-effect transistor 

(FET) has changing characteristic from insulator with monoclinic structure to metal phase 

with tetragonal rutile structure when heated to about 67 °C [1]. Electrical resistivity at MIT 

changes by a factor of 10
4
, while the optical properties also change according to the metallic 

phase [2]. When MIT feature of VO2 can be triggered by electrically (E-MIT), it has high 

potential for the applications in microelectronic devices. VO2 is used not only for FET 

applications, but also for other devices including nonvolatile resistive memories, optical 

sensors and termochromic smart windows [3,4].  

In this work, sapphire (Al2O3) was used as substrate due to its good thermal 

conductivity. 60 nm thick with high MIT performance VO2 films were deposited in vacuum 

chamber on c-Al2O3 (0001), heated up to 550 °C, by rf magnetron sputtering technique. The 

grown films were characterized using various techniques which are X-ray diffraction (XRD) 

for identifying atomic and molecular structure of the crystal, Raman microscopy 

for observing vibrational and rotational modes, atomic force microscopy (AFM) for 

generating high-resolution topographic images of the surface and energy-dispersive X-ray 

spectroscopy (EDX) for determining the elemental analysis/chemical characterization of the 

film. In addition, the resistance of VO2 films were analyzed at different temperatures.  

 
This research is supported by TÜBİTAK (The Scientific and Technological Research Council of Turkey) with 

project number 113F349. 
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 Zinc oxide is one of the most promising materials for nanotechnology due to its range 

of potential applications such as sensors, photovoltaic cells, light-emitting diodes and 

nanogenerators. Because the properties of determining the performance of ZnO-derived 

devices strongly depend on the size and the shape, precision control of the morphology of 

ZnO crystals is a matter of considerable importance for exploring the potential oxide material. 

In this study, flower-like ZnO nanorods were prepared by electrochemical deposition method 

from aqueous zinc nitrate solution at 70°C onto silicon n-type Si (100) substrates by using 

appropriate electrodeposition parameters without using any template, catalyst, additives or 

seed layer. Scanning electron microscopy images showed that the ZnO flower-like 

morphologies grown at the potential of -1.2 V were uniformly and fully covered the substrate. 

The corresponding X-ray patterns of the ZnO flower-like exhibited the dominant peaks 

corresponding to the ZnO wurtzite structures.  
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The present work reported the influence of Germanium content variation on the optical 

properties of GexSe50Te50-x (x = 0, 5, 15, 20, 35 at%). Vacuum thermal evaporation 

technique was employed to prepare amorphous GexSe50Te50-x thin films. The stoichiometry 

of the chemical composition was checked by energy dispersive X-ray spectroscopy (EDX), 

whereas the thin films structure was determined by X-ray diffraction. The optical absorption 

measurements were performed at room temperature in the wavelength range of 200-900 nm. 

Many optical constants were calculated for the studied thin films utilizing the optical 

absorption data. It was observed that the optical absorption mechanism follows the rule of the 

allowed non-direct transition. The optical band gap was found to decrease from 2.31 to 2.60 

eV as the Ge content increase from 0 to 35 at%. This result was explained in terms of the 

chemical bond approach.  
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Cerium dioxide (CeO$_2$) is an attractive insulating material with a high dielectric 

constant of 26, a high dielectric breakdown voltage, high chemical stability, transmission in 

the visible and infrared wavelengths and high efficiency ultra-violet absorption. On the other 

hand, in the field of large scale integration (LSI) devices, hybrid orientation technology is 

strongly desired to create higher speed substrates for n- and p-channel MOS devices 

maximizes the crystal orientation-dependent mobilities of electrons and holes. Several 

methods have been reported for the fabrication of hybrid orientation substrates for CMOS 

LSI, such as the direct wafer bonding of a Si layer with a different orientation than the Si 

substrate and subsequently growing a Si epitaxial layer after locally removing the bonded Si 

layer, and an amorphization/templated recrystallization method. These methods require 

complex processes including lithography, etching and chemimechanical polishing, resulting 

in long manufacturing times and high costs.  

As a simpler and preferable method, we are studying the hybrid orientation structure 

of the CeO$_2$(100) and (110) regions on Si(100) substrates using electron beam induced 

orientation selective epitaxial (OSE) growth by reactive magnetron sputtering. Two separate 

areas of growth are seen, with CeO$_2$(100) layers found to grow in areas irradiated by 

electrons during the growth process, and the CeO$_2$(110) layers growing in the areas not 

irradiated by the beam. The lateral orientation mapping obtained by x-ray diffraction 

measurements reveals the existence of transition regions between these two orientation areas. 

The width of the transition region is found to decrease proportionally as the logarithm of the 

underlying Si substrate resistivity.  

To make a breakthrough in the limitation in reduction of the transition region width, 

we propose a new method of electron beam induced OSE growth on silicon-on-insulator 

(SOI) substrates by using lithographically formed trenches. These trenches are expected to 

prevent spread of the potential distribution to the neighboring Si island. Here, we report the 

experimental results showing perfect isolation of hybrid OSE growth regions on SOI 

substrates, which show that perfect isolation of the two areas becomes possible by optimizing 

the geometry of the trenches .  

 

 

  

 

Thin Film Growth & Epitaxy 

 

 

 

 

 

 

 



Science and Applications of Thin Films, Conference & Exhibition (SATF 2014) 
Çeşme, Izmir, Turkey, September 15 to 19, 2014 

333 
 
 

 

PB088 

Epitaxial Calcite Growth on Highly Ordered Gold, Silver and Copper 

Surfaces Without Use Templates 
 

Hassiba TEGHIDET
1,2

, Lila CHAAL
1
, Suzanne JOIRET

2
 and Boualem SAIDANI

1
 

 
1
University of Algeria 

2
University of Paris6 (France) 

 

E-mail of Corresponding Author: teghidet.hassiba@gmail.com 

 

Development of experimental strategies for the synthesis of inorganic materials with 

controllable shape and crystallography is important for application in catalysis, medicine, 

hybrid materials, ceramics, and cosmetic formulations. Such materials are produced 

successfully by the organisms which exert an exquisite control over the minerals they deposit. 

One of the most challenges of scientists is to form materials with analogous crystalline forms 

to those produce by nature. In recent years, researches have used new concept based on 

macromolecules incorporation which acts as templates nucleation of the inorganic phase 

[1,2]. Although these organic surfaces are able to induce oriented growth of crystals, the 

specificity of face-selective nucleation has generally not been high, and the processes could 

not be easily controlled. The experimental approach in our study concerns a successful 

crystallization of epitaxial calcite on different substrates without use any template. We choose 

calcite because it is the first stable polymorph of CaCO3 and is by far the most common 

among some 60 biological known minerals. 

Calcite crystallization was induced by electrochemical way in undersaturated solution 

of calcium carbonate at 3 mM concentration. The well-ordered thin films of gold, silver and 

copper were characterized by Electron BackScattered Diffraction analysis (EBSD) and the 

calcite crystals formed are analyzed by micro-Raman Spectroscopy and Scanning Electron 

Microscopy (SEM). 

The results showed that the calcite crystals so obtained were uniform in size and 

orientation and presented a (001) face parallel to the Au or Ag (111) surface. This calcite 

epitaxy appeared only on Au or Ag substrate when various rhombohedra could be evidenced 

on the copper modified surface. From these results, an epitaxial relationship has been 

suggested where hexagonal symmetry of the (001) calcite plane was in a R30° √3×√3 

arrangement on the Au (111) surface. This led to a mismatch for lattice parameters below 

0.5% [3]. 
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Among environment-friendly and renewable energy sources, dye sensitized solar cells have 

always been high on the list of likely candidates. As one of the most important oxide 

semiconductor materials, ZnO has attracted considerable attention due to its good optical, 

electrical, and piezoelectrical properties and its potential applications in the blue ultraviolet 

region owing to its direct wide bandgap (3.37 eV) and large excitation binding energy (60 

meV at room temperature) [1-4].  

In this study, an additive-free method has been developed to prepare zinc oxide nanorods 

from commercially available zinc acetate precursor using solution-phase reactions. One-

dimensional (1-D) and additive-free ZnO nanorods are prepared by using simple solution 

phase method, autoclave and microwave oven. We obtained different morphologies like 

nanoflower, nanorod, nanowire, nanobutterfly, nanocapsule according to synthesis 

techniques. The ZnO nanostructures are characterized by X-ray diffraction (XRD), scanning 

electron microscopy (SEM) measurements.  

 . 

Keywords: ZnO, nanostructures, nanocapsule, nanorod, nanowire 
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Highly textured pure and Al doped; AZO (Al: 3, 5 at.%) ZnO thin films have been produced 

by pulsed laser deposition at 450ºC onto glass substrates. The used source was a KrF excimer 

laser (248 nm, 25 ns, 2 J ∕ cm
2
). The influence of dopant concentration on the structural, 

morphological, optical, and electrical properties of the films were investigated. X-ray 

diffraction patterns showed that the Al-doped ZnO films crystallize in a hexagonal wurtzite- 

type structure with a strong (0002) orientation, and the grain sizes calculated from these 

patterns decrease with increasing Al doping.  

The optical and electrical analysis shows that our films can be used as TCO, because of their 

good transparency in the visible region and high conductivity. 

The specroscopy M-Lines analysis confirms the application of our films as optical 

waveguides. 

 

 Keywords: AZO, Pulsed laser deposition, transparency, TCO, M-Lines, optical waveguides. 
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In this study, the thermal stability of a ternary silicide (CoxNi1-x)Si2 formed by Ni and Co 

thin films deposited on Si(100) substrate is studied.  

For that aim, a 50nm-Co/10nm-Ni/p-Si(100) was thermally annealed for 20 minutes at 300-

800°C using a conventional furnace. The obtained samples were investigated using X-ray 

diffraction (XRD), Raman spectroscopy and Rutherford backscattering spectroscopy (RBS). 

XRD and Raman spectroscopy data Show that the formation temperature of the Ternary 

silicide (CoxNi1-x)Si2 phase is rather low compared with the disilicide NiSi2 and CoSi2. RBS 

results indicate a ternary silicide layer of approximately 200 nm, with the simulation spectra 

in close agreement with experimental data. 
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Electrodeposition is widely used for industrial applications to deposit thin films, coatings, and 

adhesion layers. Herein, CeO2 thin films were deposited on polycrystalline platinum 

substrates by cathodic electrodeposition. The influence of deposition parameters on the yield 

and on film morphologies is studied and discussed. The morphology and composition of the 

electrodeposited films were characterized by atomic force microscopy (AFM), scanning 

electron microscopy (SEM), energy-dispersive spectrometry (EDS), and X-ray photoelectron 

spectroscopy (XPS). The results of AFM indicate that the thickness of CeO2 films strongly 

depends on the Ce(II) concentration and the deposition time. After exposing the films to 

ambient air, cracking structures are formed, which were analyzed AFM in detail. The XPS 

data indicate the formation of stoichiometric CeO2.  
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A series of ionic liquids such as 1-Butyl-3-methylimidazolium hexafluorophosphate 

(BMIMPF6), 1-Butyl-3-methylimidazolium bis(trifluoromethylsulfonyl) imide (BMIMTFSI), 

and 1-Butyl-1-methylpyrrolidinium bis(trifluoromethylsulfonyl) imide (BMPTFSI) were used 

as both electrochemical growth media and electrolytes for the synthesis of PEDOT/WO3 

composite films for electrochromic device applications. The surface and electrochromic 

properties of the composites changed depending on characteristic of ionic liquids. The 

maximum transmittance window 41.3 % was obtained at 620 nm with the operating potentials 

between +2 and -2V, for the BMPTFSI synthesized composite. Reasonable optical 

modulations (32.8 % and 22.3 % at 620 nm), were achieved for the BMIMPF6 and 

BMIMTFSI synthesized composites, respectively. In this work, we studied, among other 

things, the synthesis and polymerization rate of the composite films in the different ionic 

solvents. 

 It is our privilege to report, that to the best of our knowlege, no previous work on the 

electrochemical synthesis of PEDOT/WO3 composites in ionic liquids has been reported in 

any earlier study. Our electrochemical experimental results confirm that the polymerization 

rate of the composite films changes with the different ionic solvents used. Also, both 

imidazolium and pyrrolidinium-based ionic liquids have an influence on the electrochemical 

activity of the PEDOT/WO3 composite film. Most importantly, we observed a better 

electrochemical activity for the PEDOT/WO3 composite films than for either the WO3 or 

PEDOT films.  
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Spintronics is an emerging form of electronics which uses the spin of electrons to encode and 

process data, rather than using electric charge. Developing materials in which one can 

manipulate and control the electron spin orientation is a necessary step in order to develop 

spintronic devices. The focus of present work is on hybrid structures that can combine the 

versatility of organic materials with the intriguing magnetic properties of inorganic materials. 

Multifunctional organic-inorganic hybrid films are deposited by means of the Langmuir-

Blodgett (LB) technique which provides intrinsic control over the molecular organization and 

film thickness down to the molecular level. The inorganic component consists of a magnetic 

divalent transition 3d-metal chloride MCl2 with M = Co
2+,

 which introduces magnetism as 

well as giving thermal stability to the hybrid. The structural and magnetic properties of the 

hybrid films are presented.  
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 Atomically thin film of graphene has great potential as semiconductor substrate for the 

next generation of electronic devices. However, the production of single layer crystalline 

graphene requires a method of forming high quality films on a large scale substrates. In this 

present work, single crystalline graphene was grown onto atomically smooth crystalline 

copper substrates according to semiconductor device fabrication schemes (in clean room, and 

on large scale) using low pressure inductively coupled plasma chemical vapor deposition (LP 

ICP-CVD) method. Unlike similar studies reported in the literature, single crystalline 

graphene of single layer was grown using high purity CH4 precursor only. A powerfull 

plasma (300W) available in our system allows us to both pricely control the reactiveness of 

our gas phase precursors at the surface and interface and to grow graphene onto copper 

substrates at much low temperatures (200 
O
C) then that of similar studies appeared in the 

literature (110
0
 C). In this way, a possible Cu contamination onto graphene surface and 

interfaces and wrinkle formation due to the differences of thermal expansion coefficient were 

eliminated. The graphene film characterisation was then performed using atomic force 

microscope (thickness, surface topography), scanning electron microscope (thickness, surface 

topography and elemental analysis), and Raman spectroscopy (graphen crystalline/amorph 

ratios). The film sheet resistance was also measured using a four probe system.  
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Aluminum nitride (AlN) thin films were deposited on glass substrates using Radio 

frequency Magnetron Sputtering method. The microstructure and surface morphology of the 

AlN thin films were investigated using X-ray diffraction Technique (XRD) and Atomic Force 

Microscopy (AFM). Moreover, inferometric filmetrics was used to characterize the 

thicknesses of AlN thin films. The obtained experimental results were compared with 

literature. 
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Cerium doped yttrium - gadolinium aluminate garnet (Y-Gd)3 Al5O12:Ce
3+

 

(YGAG:Ce) thin films were deposited on Si(100) substrates by a pulsed laser deposition 

(PLD) technique using a 266 nm Nd:YAG laser. The influence of different working 

atmospheres; vacuum, oxygen and argon at a particular substrate temperature on the structure 

and photoluminescent (PL) properties of the (YGAG:Ce) thin films were investigated. X-Ray 

Diffraction (XRD) patterns reveal that the films crystallize well in vacuum, 5mtorr Oxygen 

and 20 mtorr Argon for all cases. Excitation with 230 nm gives a broad band emission 

ranging from 547 nm to 551 nm with a shoulder at 485 nm attributed to the 2D–2F7/2 and 

2D–2F5/2 transitions of Ce
3+

 ions, respectively. For Argon the PL intensity is high at 5 mtorr 

and is seen to decrease with increasing deposition pressure from 5-20 mtorr while for oxygen 

the PL intensity increases from 5 – 10 mtorr and drops at 20 mtorr. A slight shift in the 

emission wavelength of the PL spectra was observed for the thin films with respect to the 

different gases and also when compared to the PL spectra of the powder which is probably 

due to a change in the crystal field.   
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The molybdenum silicides are probably the newest class of materials considered as highly 

promising for structural applications at high temperatures, in aerospace and energy-related 

industries due to the combination of high melting point, relatively low density and good 

corrosion resistance. Refractory metal disilicides with symmetrical crystal structures such as 

the C11b, C40 and C54-types are candidates for super-high-temperature-resistant structural 

materials. The crystal structures are different in appearance but have a close relationship to 

each other because the atomic arrangements are quite similar on the close-packed planes. Two 

good examples of complete solid solubility are Mo-W silicides, both tetragonal at high 

temperature, and the fluorite-type CoSi2 and NiSi2. Finstad et al, addresses the solubility of 

these two silicides. Because of the close atomic masses and structures, Rutherford 

Bacscattering spectrometry, X-ray diffraction and Auger electron spectroscopy cannot 

distinguish between interdispersed phases or true solid solution. However, it is show that 

annealing of Mo-W bilayers led to the formation of MoSi2 at 600°C and WSi2 at 800°C and 

the disilicides form a solid solution at temperature above 1000°C . Hence to understand the 

phase formations temperatures in co-sputtered and bilayer deposition; in situ X-ray 

diffraction, RBS and in situ fore probe resistivity measurements, as will elucidated below.
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The creation of new materials for implant surgery is the actual task that demands of 

long temporal and financial expenditures. At the pre-sent time the implants made from 

titanium alloys have a wide spreading and popularity in medicine. In the modern stomatology, 

oral surgery, traumatic surgery for the bone defects improving or for replacing of tissues parts 

damages the implants consisting of the metallic base and biocompatible coating can be used 

as an optimal variant. 

At the present time the possibility of formation by plasma electrolytic oxidation 

method (PEO) on the surface of macrocrystalline and nanostructured titanium VT1-0 of the 

surface layers possessing acceptable adhesion characteristics and containing hydroxyapatite. 

The electrolytes and regimes of PEO for hydroxyapatite formation in the surface layers 

composition, with Ca/P = 1,4 that is close to the ratio of these elements in human’s bone 

tissue (1,67). According to the experiments results, the formation the implant’s surface of 

hydroxyapatite layer accelerates essentially the velocity of osteogenesis that allows providing 

the reliable conjunction of implant with bone. 

 

This research was supported by the Complex Program of Fundamental Research of FEB RAS 

“Far East” (Grants No. 6.5, 6.55, 6.73) and the Russian Federation Government (Grant 

#02.G25.31.0035). 
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Chitosan and the miracle material graphene have wide application areas in biomedical 

sciences. In this study, the effect of electrical conductivity on cellular viability of graphene 

reinforced chitosan composite thin films was investigated. As a first step, chitosan solution 

was prepared by acedic acid and distilled water with ratio %4 and put on the magnetic stirrer 

overnight. Sonicator was used to provide dispersion of graphene into chitosan solution with 

ratio %0.1. Spin coating deposition method was preffered to fabricate thin films by applying 

1000rpm for 30 second and deposited on glass lamellae. To evaluate the cellular viability, 

B35 neuroblastoma cells and MTT that is one of the most reliable assay to asses cell 

proliferation were chosen. Measurement of electrical conductivity was ensured by four probe 

method and the results confirmed the augmenter effect of graphene on electrical conductivity. 

MTT results showed that cellular viability of graphene reinforced chitosan thin film was 

better than bare chitosan thin film. According to these results, we can conclude that graphene 

has fair effects on cellular viability of nerve cells depending on its electrical properties.   
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In this research, undoped and doped (Fe, Ce, and Ag) antibacterial coatings of 

nanostructured Caldera Volcano Shape Porous (CVSP) TiO2 films have been prepared by sol-

gel dip coating method. Doped and undoped TiO2 films were exited with ultraviolet radiation 

to improve their photocatalytic activity. The antibacterial activity against Staphylococcus 

Aureus bacteria have been studied with antibacterial–drop test and colony count method. The 

Fe doped TiO2 films exhibited higher antibacterial activity than other samples. The bacteria 

killing percentage of bare glass substrate, four layers deposited undoped, Ce, Ag, and Fe 

doped TiO2 thin films (after UV illumination) have been achieved about 8, 24, 50, 58, and 

70%. Uv-Visible Spectrophotometry, Photoluminescence (PL), X-ray Diffraction (XRD), and 

Atomic Force Microscopy (AFM) carried out to study the relation between optical, 

luminescence, structural, and morphological characteristic of the samples with their 

antibacterial activity. Several parameters such as thickness of films, porosity in films, 

crystallization, surface roughness, defect states, oxygen vacancies, interstitial atoms, and 

magnetic dipole transitions can affect the antibacterial activity of doped TiO2 thin films.  
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In photovoltaic silicon solar cells fabrication, the excellent antireflection (AR) and 

passivation quality of Plasma Enhanced Chemical Vapor Deposition (PECVD) silicon nitride 

film (SiN) have obvious effect on efficiency of solar cells. The AR effect consists of the 

deposition of an adequate thickness of the SiN film. The passivation effect is more 

complicated. It consists of optimizing all of the film deposition parameters. In this paper, we 

investigated the optimization of the main deposition parameters of the SiN film deposited on 

multicrystaline silicon solar cells. The parameters investigated were deposition temperature, 

electrical power of deposition and refractive index of the film which is determined by varying 

the process gas flow ratio SiH4/NH3.  

Using a symmetrical structure of SiN/Si/SiN and QSSPC characterization we have 

found that 380°C and 4600 W are the optimal temperature and power, respectively. 

The optimal refractive index was determined using a method which encompasses 

optical and electrical properties of SiN films deposited on multicrystalline silicon solar cells. 

This method is based on the calculation of the short circuit current densities. The optimal film 

corresponds to the maximum short circuit current density.  

Films with the following refractive indices were studied: 1.9, 2.0, 2.1 and 2.4. The 

optical characterization of these films deposited on multicrystalline silicon wafers and on 

corning glass gave a minimal weighted reflection for refractive index of 2.0 and a maximum 

transmission for refractive index of 1.9, respectively.  

The QSSPC characterization revealed that the annealed film refractive index of 1.9 performed 

the best passivation quality. Internal quantum efficiencies of simulated multicrystalline silicon 

solar cells coated with these SiN films were determined by PC1d program simulation. 

Short-circuit current densities calculated using these experimental and simulated data revealed 

that the optimal refractive index is 1.9.  

 In summary the optimal deposition parameters are 380°C, 4600W and refractive 

index of 1.9. 
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CuIn7S11 compound was prepared by direct reaction of high-purity elemental copper, 

indium and sulphur. CuIn7S11 thin films were prepared by high vacuum evaporation on glass 

substrates. The glass substrates were heated to 30, 75, 100, 150 and 200 °C. The powder was 

characterized for their structural and compositional properties by using X-ray diffraction 

(XRD) and energy dispersive X-ray (EDX) measurements. The films were characterized for 

their structural, compositional morphological, electrical and optical properties. X-ray 

diffraction analysis revealed that the film deposited at a room temperature was amorphous in 

nature while those deposited on heated substrates were polycrystalline with a preferred 

orientation along the (311) plane of the spinel phase. The surface morphological analysis 

revealed that the films grown at different substrate temperatures had an average roughness 

between 1 and 5 nm. The energy bandgap values changed from 2.30 to 1.58 depending on the 

substrate temperature. The resistivity values of the films increased from 3 to 1700 Ωcm and a 

transition from p-type conductivity to a highly compensated state is observed by increasing 

the substrate temperature.  
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This work presents results about of synthesis and characterization of In2S3 thin films 

deposited on Cu3BiS3 layers. The films were grown via a chemical reaction by CBD and from 

co-evaporation of their precursor elements on a soda-lime glass substrate. The effect of the 

experimental conditions on the optical and structural properties was studied through spectral 

transmittance and X-ray diffraction (XRD) measurements, respectively. The results showed 

that In2S3 thin films with thickness less than 100 nm deposited by the CBD method grows 

with amorphous structure, however, in the diffractogram of samples with thicknesses of about 

170 nm has two peaks associated with the reflections of the planes (103) and (107) of the β-

In2S3 phase with tetragonal structure. It was also found that the In2S3 films present an energy 

band gap (Eg) of about 2.75 eV, regardless of the thickness of the samples.   
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Pulsed electron beam ablation (PEBA) has proven to be a promising and powerful 

technique for the growth of high quality thin films. Pulsed electron beam ablation consists of 

many physical processes starting from target heating, phase change, and plasma plume 

expansion towards a substrate. Plasma plume expansion into an ambient gas is a fundamental 

issue in PEBA as the quality of thin films deposited onto the substrate depend on the energy 

and density of particles ejected from the target. In the present study, gas-dynamics equations 

are solved to investigate plasma plume expansion induced by interaction of a nanosecond 

electron beam pulse with a graphite target in an argon atmosphere. The effect of the distance 

between the target and substrate and ambient gas pressure on plume expansion is assessed. 

The temperature, pressure, velocity and density profiles of the plasma plume are numerically 

simulated as a function of time. Assessment of the model is done by comparing the obtained 

simulation results with experimental observations heretofore available in the literature. 
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The kesterite/stannite structure Cu2ZnSnS4 (CZTS) is a p-type semiconducting 

compound with high absorption coefficient (~ 104 cm
-1

) in visible spectrum range and 

optimum direct band gap energy (1.5 eV)[1]. Also it is well known that CZTS is an excellent 

new material not only for low-cost thin film solar cells with constituents of naturally abundant 

elements but also environment-friendly due to having been non-toxic materials. Because of 

these advantages, CZTS is seen as a future replacement for CuInGaSe2 (CIGS) solar cells in 

photovoltaic (PV) industry. In our study, CZTS absorber films were prepared by two 

independent stages. CZTS precursors were grown on the Ti or Mo deposited soda-lime glass 

with deposition order from top to bottom Cu/Sn/ZnS by using DC magnetron sputtering 

technique. The deposited precursors were sulphurized for 2 hours at 560 
o
C under Argon (Ar) 

exposure by using sulphur powder. Finally, the CdS/CZTS multilayer structures were 

obtained by depositing a 50 nm CdS layer on CZTS by magnetron sputtering technique. To 

date, the development of CZTS-based thin film solar cells was surveyed in detail. The 

structural characterizations were occured by Raman Spectroscopy, X-Ray Diffraction (XRD) 

and Energy Dispersive X-ray Spectroscopy (EDX). For future study, the compositional ratio 

of atoms will be studied using X-Ray photoelectron spectroscopy (XPS). The determination 

of the valence band (VB) and the conduction band (CB) offset at the CdS/CZTS interface is 

planned by ultravoilet photoelectron spectroscopy (UPS) [2]. 
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In the present work copper oxide (CuO) thin films were prepared using ultrasonic 

spray pyrolysis technique. In order to investigate the influence of precursor nature on physical 

properties of CuO films, we have used two salts as source of cu namely CuCl2.2H2O and 

Cu(CH3COO)2 while the other deposition parameters such as substrate temperature , solution 

morality , flow rate and deposition time were fixed . Films structure was studied using XRD, 

Raman spectroscopy and SEM. The optical characterization was achieved using the UV 

visible transmittance. The obtained results indicate that chloride precursor yields to a larger 

deposition rate, stoichiometric and denser films with well defined structure. The optical gap is 

reduced from 1.47 to 1.3 eV when using copper chloride and acetate chloride respectively. 

The electrical conductivity, carrier mobility and concentration were determined by Hall effect 

measurements.The results revealed that copper acetate have a relatively high charge 

concentration and conductivity. 
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The highest efficiencies for thin film solar cells based on Cu(In,Ga)Se2 (CIGS) 

absorber layers have been achieved owing their stability and microstructure characteristics. In 

this work, we present the preparation and structural properties of CuGaSe2 thin films grown 

on the glass and silicon substrates. The samples were prepared by direct thermal evaporation 

of fine-grained powder from a tungsten crucible onto precleaned substrates, using a 

LEYBOLD coating unit. The microstructures of the CuGaSe2 layers are investigated by X ray 

diffraction (XRD), transmission electron microscopy (TEM) and scanning electron 

microscopy (SEM). The analysis of X ray diffraction results showed chalcopyrite structure 

with the predominant growth direction <112>. From the high resolution transmission electron 

microscopy (HRTEM) micrographs, the interreticular distances have been determinate. The 

composition of samples was found near-stoichiometric from the energy dispersive x-ray 

analysis (EDAX).  
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Solar cells are promising devices to diminish the environmental pollution and the 

climate change. However, a lot of work needs to be done to increase the actual efficiency of 

solar cells. Cadmium sulfide which is a material with a direct and wide band gap (2.42 eV), 

can provide good matching between the lattice and absorption layer, which favors the stability 

of copper-indium-galium-diselenide (CIGS) solar cells. The highest conversion efficiency of 

CIGS solar cells that has been reported to date is 20.3%. Hence, a large number of studies 

have been carried in order to produce CdS thin films with suitable properties for photovoltaic 

applications. The good performance of solar cells depends on several aspects such as: growth 

technique, optical range of absorption, crystalline structure, among others. Several techniques 

have been used to prepare CdS thin films namely: electrodeposition, spray pyrolysis, thermal 

evaporation and chemical bath deposition. Chemical bath deposition, CBD, has demonstrated 

to be a simple and low cost technique to prepare CdS films as optical windows for solar cells 

of the type CdS/CdTe and CdS/CIGS. In this study, CdS thin films are grown by chemical 

bath deposition. The optical, structural and morphological properties of CdS thin films have 

been investigated as a function of deposition time in order to optimize their properties. The 

optical transmittance of the films is studied using a Shimadzu 1650 PC UV-visible 

spectrophotometer in the wavelength range 300–1100 nm. Layers thickness (d) is measured 

by fitting the transmittance spectra. The deposition rate is estimated from the ratio of film 

thickness on the deposition time. The crystalline structure is analysed using a BRUKER D8 

Advance X-ray diffractometer with line (wavelength: 1.54Å). Surface morphology is 

performed by atomic force microscopy (AFM) using a Pacific Nanotechnology Advancing 

Nanotechnology. The photoluminescence measurements are carried out using a spectrometer 

of luminescence using a Perkin-Elmer LS 50B luminescence spectrometer. The 

photolumenescence (PL) spectra are recorded with the excitation wavelength of 457 nm using 

the Ar laser. The transmission spectra, recorded in the UV visible range show a relatively 

high transmission coefficient (85%) in the obtained films. The transmittance data analysis 

indicates that the optical gap is closely related to the deposition time. From this analysis, the 

band gap ranging from 2.2 and 2.4 eV is deduced. The films exhibit a cubic phase with (111) 

preferential orientation and the crystallite size varies between 13 and 35 nm. From the 

morphology characteristics we conclude that the growth process is through ion by ion 

mechanism. The low deposition rate supported this result.  
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Developing a high-quality transparent back contact, while maintaining efficient light 

transmission through the top absorber layer, are key components for achieving high-efficiency 

I-III–VI2 polycrystalline thin-film solar cells.In this study we have simulated ultra-thin 

bifacial solar cellsZnO:Al/i-ZnO/In2Se3/CIGS/SnO2:F structure.The effect of SnO2:F 

transparent back contact and the ZnO:Al front contact has been examined. An n-type inverted 

surface layer: ordered defect compound (ODC), is inserted between In2Se3 buffer and CIGS 

absorber layers [1-6]. The simulation program AMPS-1D (Analysis of Microelectronic and 

Photonic structures) was used in this study [7-11]. Device analysis, using (J–V) and QE 

curves, shows that the loss in efficiency is due to lower RSh and J0 as well as lower.At the 

rear side illumination the efficiency of the cell decreased with the increase of CIGS thickness 

absorber layer. This was because the light is absorbed far from the junction and near the high 

recombination back contact region. So that the generated electron-hole pairs are recombined 

before they reach the junction to separate. The losses in the generated electron-hole pairs 

increase as the thickness of the CIGS absorber layer increase and this is clearly shown in the 

variation of the quantum efficiency with the absorber thickness at the rear side illumination. 

Combining two transparent contacts, achieved efficiencies of 14.8% and 12.2% were obtained 

with illumination from the front and the back contact, respectively.  
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CdTe/CdS solar cells are one of the most promising candidates for large scale, low 

cost and high efficiency thin film photovoltaic applications. Although there are many 

publications on the electrical properties of CdS/CdTe solar cells, limited study has been 

reported particularly on the ac electrical response measured by using the impedance 

spectroscopy (IS) technique. In this study, IS technique has been applied on CdTe/CdS solar 

cells which are post deposition processed with CdCl_{2} and annealed at different durations 

in air. A generalized impedance model including the separate contributions from different 

layers of the solar cell was developed and applied to a series of samples. It has been 

recognized that the capacitance elements representing of both CdS/CdTe junction and the 

Schottky junction formed at the back Au/CdTe contact should be denoted in terms of a 

constant phase element (CPE) to indicate the effects of spatial in homogeneities and trapping 

states.  
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Because of the new design and applications of large area flexible electronics different 

commercial flexible materials have been developed such as metal foils, plastic or polymeric 

films and flexible glasses. In this work, in order to characterize the adhesion properties of 

such flexible materials to suitable coating layers contact angle measurements have been 

achieved and surface energies have been calculated for different surface preparation. Different 

flexible substrates (flexible glasses (commercial soda-lime), polymers: kapton, PEN, PET and 

metal foil: flexible copper) with different preparation protocols using ultrasonication and 

organic solvents have been studied. Surface substrate films have been investigated before and 

after various cleaning treatments. Moreover, these pre-cleaned surfaces have been 

investigated by FTIR spectroscopy and atomic force microscopy (AFM). The results show 

that the vibration bands intensity change under different chemical ultrasonic cleaning. Surface 

of the flexible films are analyzed by atomic force microscopy (AFM) technique to correlate 

the surface nanostructuration to type and duration of chemical treatments. Thanks to this work 

it has been possible to show that we can optimize surface properties of flexible substrates with 

a low coast approach. 

 

 

Key words: flexible materials, wettability, FTIR spectroscopy, AFM. 
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The first solar cell based on a nanoporous TiO2 layer with an iodine-iodide electrolyte 

was realized by O’Regan and Graetzel in the 1990s [1]. The dye-sensitized solar cell is a non-

conventional solar technology that has attracted much attention owing to its stability, low cost 

and device efficiency. Power-conversion efficiencies of over 11 % have been achieved for 

devices that contain liquid electrolytes [2-4]. 

We present the synthesis, electrochemical properties and device-based investigation of  

organic sensitizer with an extended π system consisting of donor, electron conducting and 

anchoring group for dye-sensitized solar cells. Dye sensitized solar cells based on star shaped 

triphenylene diamine material using nanoporous TiO2 electrode. Photoelectrodes with a 7 µm 

thick nanoporous layer and a 5 µm thick light-scattering layer were used to fabricate dye 

sensitized solar cells. DSSCs were fabricated in a FTO/nc-TiO2/organic dye/I-/I3-/Pt/FTO 

device geometry. Dye sensitized solar cell was characterized by current density-voltage (J-V) 

measurement. All current voltage (I-V) measurements were done under 100 mW/cm
2
 light 

intensity and AM 1.5 conditions.  

 

Keywords: dye-sentisized solar cells (DSSCs), triphenylene diamine dye 
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This work has focused on the comparison of the properties of monocyristalline silicon solar 

cells which depended on the kind of following antireflective layers: TiO2 (sol gel) b: TiO2 

(magnetron sputtering) and Al2O3-TiO2 (magnetron sputtering). These three different coatings 

of TiO2 were compared according to their results such as reflactance and I-V characterisation. 

The TiO2 thin-film deposition process has to be adjusted carefully to realize a transparent and 

sufficently conductive film for the solar cells. Reflative index and thickness of the film affect 

the the final features of the antirefletive coating. Optimisiation of these parameters and the 

experimental verification lead to the minimalisation of the reflection coefficient that decide 

about the quality of the antireflective layer. 

Key words: Antireflective coating (ARC), deposition process, I-V characterisation 
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We simulated a novel type of the solar thermo-photovoltaic integrated structure on a 

topological insulator base photonic crystal. We calculated efficiency of solar thermo-

photovoltaic integrated structure by using the finite-difference time-domain method. Organic 

semiconductor has been used as photonic crystals and topological insulator as a substrate for 

solar thermo-photovoltaic integrated structure. The photonic crystals hold a great potential in 

order to design new optical devices because of the possibility of manipulation light with the 

photonic crystals. The photonic crystal gratings are an effective approach to light trapping in 

solar cells. There has been an increase in research on tuning the optical properties of the 

photonic crystals to design devices.  
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The basic objective of the work is to investigate in detail the dynamics of charge transport in 

the presence of localized energy levels associated with the presence of impurities and the 

defects (i.e., trapping centers) may promote e/h recombination by either capturing or emitting 

electrons thus reducing excess carrier life time by utilizing the admittance spectroscopy. The 

frequency dependent effects of self-induced of voltages and the electrostatic charge storage 

which forms the imaginary part of complex admittance whilst conductance assembles the real 

part are well analyzed in the scope of equivalent circuit modeling via RC methodology. 

 

The plots of Im(C) vs Reel(C) as a variation of Rp1 displayed vertical spurs whose reel 

component increases as Rp1 increases with a distinct gaps and is observed to be decreasing as 

the Cp1 lowers in magnitude. On the other hand, absolute value of C has kept almost zero 

over the frequency range 10
9
-10

2
 rad/s followed by a sharp increase with a negative slope. 

This was moving en route for lower frequency regime as Rp1 increases.  

 

Moreover, the variation of loss angle as a function of frequency exhibits in general two main 

aspects: Two distinct extremes corresponding to a region of G(w) proportional to w
2
 followed 

by a saturated value of conductance, were noticeable and secondly a sharp fall-off with 

increasing w to zero due mainly to dc component. All the characteristics converged virtually 

to a single one (Rp1-free) thereafter. It was also observed that it has kept to moving on the 

way to lower frequency regime. 
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In this communication we report on the photosensitivity of the electrical properties of 

a structure based on a thin film of hydrogenated amorphous silicon (a-Si:H) deposited onto a 

multilayer porous silicon (Bragg mirrors) formed in crystalline silicon (c-Si). We present the 

results obtained from dark and under illumination I-V characteristics of Al/a-Si:H/PSi/c-Si 

structure. The aim of this study is to evaluate the influence of Bragg mirrors porous silicon at 

back-side on the electrical photosensitivity. In this purpose, samples of multilayer silicon have 

been formed in crystalline silicon by electrochemical etching method. The morphology and 

optical properties of these samples have investigated by scanning electron microscopy (SEM), 

gravimetric and reflectivity measurements. The a-Si:H thin films were deposited by the DC 

magnetron sputtering technique in a mixture of argon and hydrogen atmosphere. These films 

were characterized by FTIR spectroscopy and optical transmission. The I-V results obtained 

from dark show a decrease in current of Al/a-Si:H/PSi/c-Si structure compared with Al/a-Si:H 

/c-Si structure while there is enhancement of the photocurrent in the structure with Bragg 

mirrors back side reflector. This result attests that the Bragg mirrors formed on crystalline 

silicon play an important role in the light trapping.  

Keywords: light tapping, hydrogenated amorphous silicon, Bragg mirrors, back reflector, 

photosensitivity.  
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CdS thin films obtained by chemical bath deposition and annealed in the hydrogen, 

nitrogen and air ambient were combined with CdTe absorbers obtained by close spaced 

sublimation. CdS/CdTe solar cells in superstrate and substrate configurations were 

characterized by current-voltage and quantum efficiency measurements while the analysis of 

annealed CdS films was made by scanning electron microscopy, atom force microscopy, X-

ray diffraction, UV-VIS spectroscopy and electrical measurements. Annealing in H2 removes 

oxygen compounds from the CdS grain boundaries and opens them for formation of 

shortcutting through the CdS layer. The processing in air is most advantageous due to 

simultaneous presence of chloride and oxygen, contributing to the recrystallization and 

sintering of the highly textured columnar CBD CdS. Optimization results of chloride 

concentration and oxygen partial pressure will be presented. It was found also that in the 

superstrate configuration the gas emission from CdS film at high temperature deposition of 

the absorber contribute to the delamination of layers. The processes behind these gas 

emissions are presented. The direct influence of the CdS annealing on the solar cell 

parameters is presented for CdS/CdTe solar cell in substrate configuration.  
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In this work, one-dimensional device simulator AMPS-1D (Analysis of 

Microelectronic and Photonic Structures) was employed to study the performances of 

superstrate SLG/TCO/Cu(In,Ga)Se2 (CIGS)/OVC/In2Se3/Metal thin film solar cells and the 

impacts of the interfaces n-In2Se3/ Metal and TCO/p-CIGS on the structure. The simulation 

has been carried out by lighting through TCO front contact layer. The combination of optical 

transparency and electrical conductivity for TCO front contact layer is capable of yielding 

high efficiency. Several transparent conducting oxides (TCOs) materials and metals have 

been tested respectively as a front and back contacts for superstrate CIGS-based solar cells. 

The presence of barriers in the front and back contact in the structure can significantly affect 

the cell performance by limiting the carriers current flow. The influence of various parameters 

for the front and the back contacts was studied and the corresponding design optimization was 

provided. The depletion region overlapping between the TCO/CIGS and In2Se3/Metal 

junctions will result in the decrease of the solar cell performance. The In2Se3/Metal Schottky 

contact can be utilized as the back reflector in the buffer layer. The best energy conversion 

efficiencies have been obtained with SnO2:F contacts. An efficiency of 19.3% (with Voc ≈ 

0.78 V, Jsc ≈ 33.5 mA/cm
2
 and FF ≈ 0.82) has been achieved with SnO2:F-based as TCO 

front contact layer and Zn-based back contact layer. All these simulation results give some 

important indication to lead to higher efficiency of superstrate CIGS solar cells for feasible 

fabrication. 

 

Key words: Superstrate solar cells, Cu(In,Ga)Se2, Thin films, AMPS-1D. 
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1. Introduction 

The solar energy is power field of non-traditional energy nowadays. Solar calls 

possess more and more high transformation coefficient of solar energy. It is more then 21 %. 

But the material of this cells is main problem. We needs effective, safety to environment and 

inexpensive material which is cupper indium disulfide. 

CuInS2 have obtain by means of chemical vapor deposition, spray pyrolysis, magnetron 

deposition, molecular beam epitaxy. But the chemical bath deposition is another promising 

method. It is fast, low temperature, no vacuum, inexpensive method. Also we well know that 

CuInS2 as well as CuInSe2 or In2S3 are very difficult compound to preparation. 

This method allow obtain two different thin films In2S3 and Cu2S or InS and CuS us that 

together will give cupper indium disulfide. 

We described preparation and research of In2S3 thin films in this abstract. 

2. Experiment 

The indium precursor in the solution that gave indium-ions was indium chloride InCl3 

(1M). The tartaric acid (1M) was used for complexation indium-ion which inhibited reaction 

of sulfide formation. A precursor of sulfide-ions was 1M tioacetamide (TAA) that is unstable 

in a solution. A solution contained all components was than mixed and thermostated at 80 ºC 

in Mo-glass beaker. 

After two hours' deposition uniform orange films with good adherent were observed 

on sitall substrates and walls of beakers. Thin films were washed and dried. Thickness of 

obtained thin films was nearly 1500 nm. 

The composition of thin films was investigated by X-ray photo-electron spectroscopy 

(XPS), in which an MgKα line at 1253.6 eV was used with X-ray source run at 14.5 V. The 

calibration line was used C1s-line of carbon at 284.5 eV. 

3. Results and discussion 

peak also is accurate and good define. However it include two components. First 

component have high bonding energy that correspond to sulfate phases (162.05 eV). The low 

bonding energy (161.4 eV) interquartily correspond to sulfide phases because we have not 

any literature date about this. 

The α-parameter gave us more information about compound. This value is 852.22 eV 

but it is some more literature date for In2S3. 

We obtained by means of XPS that composition of prepared thin films meet to In2S3. 

The surface of thin films include some oxidation phases (in films no more 8.5 at.% of oxygen) 

for example different sulfates, carbonates and same other organic impurities. 

 

 

  

 

Thin Films in Photovoltaic Cells and Energy 

 



Science and Applications of Thin Films, Conference & Exhibition (SATF 2014) 
Çeşme, Izmir, Turkey, September 15 to 19, 2014 

366 
 
 

 

PB121  

ZnO Thin Film as an Anti-Reflection Coating for β –FeSi2 on Textured 

Silicon Substrate for Solar Cells Applications 

 

Sali Samira 

 
Research Center for Semiconductor Technology for Energy Division: DDCS, Algeria 

 

Email of corresponding author: samira_sali@yahoo.fr 

 

A ZnO thin film was successfully synthesized on glass, textured silicon and β-FeSi2/Si 

substrates by chemical spray deposition. The textured silicon substrate was carried out using 

Na2CO3 solution. The sample surface exhibits uniform pyramids with an average height of 5 

µm. β-FeSi2 is expected to be a potential constituent in Si-compatible optoelectronic and 

photovoltaic devices. Of great importance for estimating the prospects of β –FeSi2 as device 

material is the knowledge of its optical properties, especially the value and nature of band gap 

(0,87 eV) make this material very useful for solar cells applications. In this paper, particular 

attention is given to the β-FeSi2 films prepared by RF sputtering system at low pressure. The 

properties of films as a function of different parameters (power, thickness and annealing) 

were investigated using SEM morphology and optical transmission analysis. Due to its high 

refractive index (›5.6), however, suitable antireflection coating (ARC) is necessary. In this 

paper ZnO is used as an anti- reflection coating due to its good transparency and appropriate 

refractive index (2.1). The transmittance of ZnO films was found higher than85%. The 

average reflectance of the β-FeSi2 surface was found to be around 30%. Used textured silicon 

substrate it decreases up to 8, 23 %; after deposition of a ZnO antireflection coating the 

average reflectance decreases dramatically to 3,24 %.  

Key words 

β-FeSi2; ZnO, textured silicon, Sputtering; Spray, antireflection coating. 
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CuInTe2 is a direct band gap semiconductor (E_g=0.96-1.06 eV)[1-2] and has large 

absorption coefficient near the fundamental energy gap (104-105cm
-1

), it can thus be used as 

an absorber layer in heterojunction or multi-junction devices with other I-III-VI2 

semiconductors and it can be prepared as both p and n types conduction [3]. CuInTe2 films 

have been grown using several techniques, including flash evaporation [4], electrodeposition 

[5-7], pulse laser deposition [8], etc. Electrodeposition as a method for CuInTe2 thin film 

preparation has many advantages over other physical and chemical deposition techniques; it is 

easy to carry out, low cost, safe and after annealing of as deposited films permits to obtain the 

CuInTe2 single phase. These advantages are highly desired in the research into fabrication of 

thin films.  

Polycrystalline CuInTe2 films were grown onto ITO substrate by one-step 

electrodeposition technique from acidic aqueous solutions. The influence of the deposition 

time on the properties of the thin films was examined using x-ray diffraction (XRD), scanning 

electron microscopy (SEM), energy dispersive x-ray analysis (EDAX), optical transmittance, 

Raman spectroscopy and electrical properties measurements. The XRD investigation proved 

that, the films deposited during 5 and 10 min exhibits only the CuInTe2 chalcopyrite structure. 

However, the films deposited at 15 and 20 min exhibits the CuInTe2 chalcopyrite structure as 

the major phase with In4Te3 as additional binary compounds. The preferential orientation is 

along the (112) direction for all films. The elaborated films show the direct allowed band gap 

and their energy band gap varied within 1.06-0.99 eV. Hall effect measurements show that the 

deposition time change the conductivity type and carrier concentration of films. The observed 

Raman modes in the films deposited during 5 and 10 min match well with those reported for 

single crystal CuInTe2, confirming the crystalline quality of these films. 
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Chalcopyrite CuInSe2 is considered one of the most important semiconductors that can 

be used to make low-cost photovoltaic devices. It has high absorption coefficient [1,2], 

reasonable work function, suitable band gap, and it can be prepared from this material the 

homojunction or heterojunction [3].  

Various technique such as close-spaced vapour transport (CSVT) [4], R.F. sputtering 

[5], co-evaporation [6], spray [7], electrodeposition [8], chemical bath deposition [9] etc. have 

been adopted for the growth of CuInSe2 films.  

In this work, polycrystalline chalcopyrite CuInSe2 (CIS) thin films were deposited by 

electrodeposition technique onto ITO coated glass substrates. The used bath solution is 

formed by dissolution of CuCl2, InCl3, and SeO2 salts in de-ionized water. The as-deposited 

films were annealed under vacuum for 30 min at temperature ranging between 200˚C and 

400˚C. The structural, optical band gap and electrical resistivity of elaborated thin films were 

studied, respectively using x-ray diffraction, UV spectrophotometer and Hall effect method. 

The lattice constant and structural parameters of the films were calculated. After vacuum 

annealing, x-ray diffraction results revealed that all films were polycrystalline in nature and 

exhibit chalcopyrite structure with (112) as preferred orientation. The crystallite size increases 

with annealing temperature, reaching a minimum value for 250˚C. We have also found that 

the electrical resistivity of films is controlled by annealing temperature rather than by their 

mobility. 
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A a-SiC thin films have been grown by magnetron sputtering process at DC power of 130 W 

followed by annealing under secondary vacuum in the range of 500,600,700,800°C in 1 houre 

. Structural characterization by FTIR and Raman analysis were performed. The Raman 

spectra have shown corresponding bands of SiC, Si and C for all the samples while FTIR 

characterization showed an increases of Si-C bonds intensity with the annealing temperature 

whereas the Si-H bonds decreases.  

The optical properties of these films were analyzed by UV-Visible and ellipsometry. The 

variation of the optical gap and the thickness effected by the annealing was measured. 
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TiO2 nanorods were prepared by dc reactive magnetron sputtering technique and applied to 

dye-sensitized titanium dioxide solar cells (DSSCs). The length of the TiO2 nanorods is varied 

from 1 µm to 6 µm. The scanning electron microscopy images show that the nanorods are 

perpendicular to the substrate. Bothe the X-ray diffraction(XRD) patterns and Raman 

scattering results show that the nanorods have an anatase phase and no other phase has been 

observed. The (101) and the (220) diffraction peaks have been observed for the nanorods. The 

(101) diffraction peak intensity keeps constant with the nanorods length. However the 

intensity of the (220) diffraction peak is increased almost lineament with the increasing of the 

nanorods length. These nanorods are used as the working electrode in DSSCs and the effect of 

the nanorods length on the conversion efficiency has been studied. An optimum photoelectric 

conversion efficiency of 4,8% is achieved for 4 µm length nanorods.   

 

  

 

Thin Films in Photovoltaic Cells and Energy 

            

  

     

 

 

 

 

 

 

 

        

 

 

 

 

 

 

 

 

 

 

 



Science and Applications of Thin Films, Conference & Exhibition (SATF 2014) 
Çeşme, Izmir, Turkey, September 15 to 19, 2014 

371 
 
 

 

PB126 

Plasmonic effect of Au NPs on CSS CdS/CdTe solar cell characteristics 
 

Nicolae Spalatu
1
, Natalia Maticiuc

1
, Atanas Katerski

1
, Malle Krunks

1
, Valdek Mikli

1
 and Jaan 

Hiie
1
 

 
1
Tallinn University of Technology, Ehitajate tee 5, 19086 Tallinn, Estonia 

 

Email of corresponding author: nickspalatu@gmail.com 

 

Thin film photovoltaics currently is a topic of interest for the scientific community 

working in the field of solar cell technology. In order to improve light trapping of CdTe thin-

film solar cells, a coupling with designed plasmonic nanostructures can be performed. The 

resulting increased absorption is believed to be a result of the enhanced electric field and 

forward-scattering upon excitation of the surface plasmon resonance (SPR), combined to 

favorable redistributions of light field in the device mediated by the CdTe layer. 

The simulation results [1] suggest a technological feasibility of placing nanoparticles 

on the CdTe before back contacting. In [2] we studied incorporation of gold nanoparticles (Au 

NPs) into the CdTe thin films deposited by close spaced sublimation (CSS) and demonstrated 

applicability of chemical spray pyrolysis of HAuCl4 ethanol solution and sputtering of 

metallic  

Au for introduction of surface plasmon resonance on a CdTe thin film. The CdTe 

films show SPR effect and enhanced light absorption in the visible range of spectrum. 

In this presentation we provide results of investigation of placing nanoparticles on the 

CdTe and then covering them by Te and Ni as back contacts to achieve enhanced efficiencies 

of the CdS/CdTe solar cells. 

 
[1] Repän, T.; Pikker, S.; Dolgov, L.; Loot, A.; Hiie, J.; Krunks, M.; Sildos, I. (2014). Increased efficiency inside 

the CdTe solar cell absorber caused by plasmonic metal nanoparticles. Energy  

Procedia, 44, 229 - 233. 

[2] Maticiuc, N.; Spalatu, N.; Katerski, A.; Hiie, J.; Mikli, V.; Krunks, M.; Dolgov, L.; Sildos, I. (2014). 

Incorporation of Plasmonic Au Nanoparticles inside the CdTe Thin Film Absorber.  

(To be published) 
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This work presents a study the structural characterization and microdiffraction patterns 

of Cu2ZnSnSe4 (CZTSe) thin films by X-ray diffraction (XRD) and microdiffraction (XRMD) 

measurements. Samples were deposited varying both mass (MX) and substrate temperature 

(Ts) at which the Cu and ZnSe composites were evaporated. CZTSe samples were deposited 

by co-evaporation method in three stages. From X-ray diffraction (XRD) measurements, it 

was possible to establish, with increased Ts, the presence of binary phases associated to the 

quaternary composite during the material’s growth process. From diffraction spectra were 

found crystalline structural, characteristic phases and sizes of the crystallites. A stannite-type 

structure in Cu2ZnSnSe4 thin films and sizes of the crystallites varying between 30 and 40 nm, 

were obtained. X-ray microdiffraction was used to investigate interface orientations and strain 

distributions when were varied deposition parameters. It was found that around the main 

peak, 2ϴ = 27.1°, the Cu1.8Se and ZnSe binary phases predominate, which are formed during 

the subsequent material selenization stage. A Raman spectroscopy study revealed Raman 

shifts associated to the binary composites observed via XRD. Identification of the Cu1.8Se and 

ZnSe binary phases are reported as part of the CZTSe stannite structure. 
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Titanium oxide (TiO2) is particularly important due to its unique functional physical and 

chemical properties including high oxidative power, photocatalytic nature, photostability, and 

nontoxicity. Nanotubular form of TiO2 has attracted much attention because of enhanced 

electron transport properties, flexibility of fabrication and tremendous applications such as 

dye-sensitized solar cells. Among various techniques for synthesis of nanotubes, anodic 

oxidation or anodization of Ti is a simple and low-cost method leading to self-organized 

nanotube arrays. 

In this paper, the effect of controlling parameters of the anodic oxidation process including 

surface preparation, anodizing temperature and voltage, repetition of anodization on the 

surface morphology and nanotube geometry, i.e. pore wall thickness, pore diameter and tube 

length of titanium oxide and resulting crystalline structures was investigated. It is mentioned 

that the fabrication of highly ordered TiO2 nanotube arrays using electropolishing and two-

step anodic oxidation enhances the pore/tube ordering defined as ordered pore domians and 

consequently a linear growth rate of the ordered domian size is observed. The current-time 

curves showed that increasing of anodization voltage results in larger dielectric breakdown 

due to the larger electric field in the electrolyte and thereofore tube geometry significantly 

changes. Anodizing temperature also plays an extremely important role in the tube geometry 

as a lower the temperatures gives rise to smaller pore diameters with blocked pore openings. 

The mechanism of formation of an irregular porous layer that blocks the pore openings at low 

temperatures is exploited by a limited ionic mass transport assumption. This report brings to 

attention the desirable properties of the structurally oriented TiO2 for dye-sensitized solar cell 

applications [1]. 

 
[1] N.-S. Peighambardoust, F. Nasirpouri / Surface & Coatings Technology 235 (2013) 727–734 
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Transparent and conductive Al-doped ZnO (AZO) thin films were deposited by 

ultrasonic spray pyrolysis of film-forming solutions (FFS) on silicon and glass. The effect of 

Al concentration in the FFS in the range Al/Zn = 0-15 at% was systematically investigated to 

obtain AZO films suitable for application in c-Si solar cells. The goal of this work was 

develop transparent electrode for based on the AZO thin films, synthesized by ultrasonic 

spray pyrolysis (pyrosol) method. The pyrosol technique is a cost-effective improved version 

of spray pyrolysis. The main attention was focused on investigation of the morphological, 

electrical, optical, barrier, and passivating properties of the AZO films deposited on silicon 

substrates as well as on glass depending on the Al/Zn ratio in the FFS. 

AZO thin films were prepared from FFS consisting of 0.19 M Zn(CH3COO)2∙2H2O + 

0.01 M ZnCl2 + X M Al(C5H7O2)3 + 2.6 М H2O + 0.5 M CH3COOH in methanol. The ratio 

between the Al and Zn atomic contents in the FFS was varied in the range of [Al]/[Zn] = 1–15 

at%. AZO films were deposited on glass as well as onto (nn+)Cz-Si, (pp+)Cz-Si and 

(p+nn+)Cz-Si structures (with the thickness t = ~85 nm and ~225 nm). To compare optical 

losses in different AZO films, the effective absorption (Aeff) weighted over the distribution of 

photons in the solar radiation spectrum in the range of wavelengths 400–1100 nm in 

accordance with the standard ASTM G173-03 (AM 1.5G 1000W/m
2
) was calculated for each 

AZO film on glass. The photovoltages Un, Up, and Uoc were measured, respectively, for 

AZO/(nn+)Cz-Si, AZO/(pp+)Cz-Si, and AZO/(p+nn+)Cz-Si structures. 

For the first time, AZO films were synthesized and investigated by pyrosol method on 

a silicon substrate in order to further their use in crystalline silicon solar cells. It was found 

that from the point of view of a Si-based solar cell with diffusion layers, AZO films, 

synthesized by pyrosol method at a ratio of Al/Zn in the FFS ~3% in the best way combine (i) 

the best passivating properties; (ii) the smallest effective absorption of the sunlight; (iii) the 

best stability; and (iv) the smallest resistivity. Taking into account, that the value of Un for 

these films is more than two times greater than the Up value, they are more suitable for p+ 

surface of the (p+nn+)Cz-Si structure. "  
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Synthesis of long and thin nanowires of inert metals such as platinum and gold has 

been a challenge of nanomaterial researchers. In order to both exploit the surface chemistry of 

these metals as thin films and overcome the difficulty of synthesizing long and thin nanowires 

of those, we developed a multi-step solvothermal method to make inert metal/metal core/shell 

nanowires. Electrospraying the new metal nanowires with inert metal shell onto the desired 

substrate can yield a thin film of inert metal. these films can be used as an electrode for 

electrochemical applications as well as transparent electrode for display and solar cell 

applications. Ag/Au core/shell nanowires of ca. 13 micron long and 60 nm in diameter has 

been synthesized. Cu/Pt core/shell nanowires of ca. 20 micron long and 90 nm in diameter has 

been synthesized. Both works are still continuing for higher yields for large-scale production. 

Stability tests for use as electrodes in electrochemical cells and fuel cells are being carried out 

as well. Upcoming data will be presented later.  

 

 

 

 

Thin Films in Photovoltaic Cells and Energy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Science and Applications of Thin Films, Conference & Exhibition (SATF 2014) 
Çeşme, Izmir, Turkey, September 15 to 19, 2014 

376 
 
 

 

PB131 

Synthesis and characterization of Cu2O/ZnO core-shell nanorod solar cell 
 

Hsiang-Chen Wang
1
, Hao-zhe Sun

1,2
, Yi-Hong Lin

1,2
, Cheng-Hsun Chu

1,2
, Yung-Sheng 

Chen
1,2

, Hsiang-Chen Wang
1,2

, Che-Hao Liao
3
, Li-Yin Chen

4
, A. K. Chu

4
, Raymond Chien-

Chao Tsiang
1,5

, and Chie-Tong Kuo
6
 

 
1
National Chung Cheng University , Graduate Institute of Opto-Mechatronics,  Taiwan 

 

E-mail of Corresponding Author: hcwang@ccu.edu.tw 

 

This study demonstrated some nano-periodic structures p-Cu2O/n-ZnO type 

heterojunction flexible solar cells. The first to generate the nano-structures on ITO / PET 

substrate by anodic aluminum oxide, nanoimprint and dual-beam interference techniques. 

Then the n-ZnO nanorod arrays / p-Cu2O films were grown using hydrothermal method. The 

SEM, XRD, and TEM results show the analysis of the material properties of n-ZnO nanorod 

and p-Cu2O films. We also use temperature dependence PL to measure their optical 

properties, and compare the differences between layers. Finally, the use of a sputtering Au 

electrodes were prepared to facilitate the completion of the production of solar cells. The I-V 

characteristics of solar cell devices were demonstrated for this step. This study prepared to 

find the best process parameters of p-Cu2O/n-ZnO heterojunction solar cells and produce even 

higher than the current literature photoelectric conversion efficiency of 2%, respectively. 
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Semiconducting metal oxides, such as SnO2, ZnO, and In2O3, are commonly 

employed in resistive gas sensors, exploiting the changes in the electrical conductivity or 

optical properties of these materials upon exposure to gaseous mixtures. Among these metal 

oxides, the utilization of ZnO in gas sensor applications has a long history; it was used in 

chemo-resistive sensors to detect several gases, such as H2, NH3, CH4, O2, ethanol and CO. 

The recent demonstration of gas sensors based on nanostructured metal oxides has further 

stimulated substantial efforts to explore novel ZnO nanostructures for high gas sensing 

performance. Nanostructured zinc oxides with different morphologies (such as nanoparticles, 

nanowires, nanorods) haves been extensively studied for gas sensor applications due to its 

favorable morphological, microstructural and electric properties. 

In this study, the gas sensing properties of the ZnO films were investigated. ZnO films 

and nanostructures have been prepared by using spray pyrolysis and spray plasma techniques. 

Deposition temperature was 450oC. X-ray diffraction, Transmission Electron Microscopy and 

Scanning Electron Microscopy were used to study the microstructure and surface morphology 

of the films. The sensitivity of the films was studied in two steps: first of all as a function of 

their temperature for a fixed gas concentration and secondly as a function of concentration for 

a fixed temperature. All the films have shown faster response and recovery times at higher 

operating temperatures.  
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We report on the structural, microstructural and magnetic properties of Ni75Fe25 

permalloy (Py) thin films. Py thin films with different thicknesses were deposited by vacuum 

evaporation from nanocristalline powder onto Si (111) substrate. The thickness varies from 16 

nm to 250 nm. From grazing X-ray diffraction spectra (GIXRD), we have shown the presence 

of a strong <200> texture for the lower thickness of 16 nm. For the intermediate thicknesses 

of 52 nm and 84 nm a strong <111> preferred orientation is developped. However, for the 

higher thicknesses, a polycristalline structure is present. The microstructure of Py films was 

investigated with atomic force microscopy (AFM). We have shown the existence of 

nanosized grains with a uniform distribution. The mean diameter of the grains increases from 

27 nm to 40 nm when the thickness increases. The magnetization easy axis is found to be out 

of plane for the thinner sample. When the thickness increases, the direction of the 

magnetization seems to be situated between the perpendicular and parallel directions with 

respect to the plane of the film. We have found that the coercive filed, Hc//, decreases with 

increasing thickness with a minimum value of 1.96 Oe. 
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Aluminum–doped zinc oxide (Al:ZnO, AZO) is a promising material for transparent 

conducting films used as a front contact layer on chalcopyrite CuInGaSe2 (CIGS)–based thin-

film solar cells. In this report, pure ZnO and AZO films at various concentrations (1%, 3%, 

5%, 7%, and 10%) were prepared via the sol-gel technique. Their microstructure and crystal 

growth were characterized as a function of doping concentration. The XRD analysis results 

revealed that the structural properties of the films possessed a hexagonal crystalline structure 

with a preferential orientation according to the direction (002) plane. Nanostructured particles 

have been observed from the surface analysis. The obtained films exhibit direct band gap 

transition with the band gap values lying in the range between 3.31 and 3.39 eV. The blue 

shift is observed in the absorption edge as the Al concentrations increased. Furthermore, the 

AZO films indicate a high transparency in the visible region with an average value of above 

80%. The obtained results reveal that Al-3wt.% is the optimum concentration to achieve the 

best crystallization quality, minimum film resistivity (approximately 5×10-5 Ω.cm), and 

strong ultraviolet emission. These transparent and conductive AZO films may open a new 

avenue for optoelectronic and photonic device applications in the near future. 

 
Keywords: Transparent conducting oxides, Aluminum–doped zinc oxide, Sol-gel technique. 
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200 and 300 nm thick Al-doped zinc oxide (AZO) thin films were deposited onto n-

type silicon (n-Si) and glass substrates by radio frequency (RF) magnetron sputtering method 

at 100 oC, 200 oC and 300 oC. Structural, optical and morphological properties of the films 

were investigated by high-resolution x-ray diffractometer (HRXRD), UV–Vis spectrometer 

and atomic force microscope (AFM), as a function of the substrate temperature. All the 

obtained films had a highly preferred orientation along [002] direction of the c-axis 

perpendicular to the substrates and extremely flat and uniform surfaces at nanoscale. The 

optical band gap of the films varied in the range of 3.37 - 3.51 eV. The RF-sputtered AZO 

thin films-based sensor structures were developed on the samples which have the highest 

band gap. Current-voltage (I-V) analysis of the sensors were investigated to understand the 

UV sensing. It is clear from the analysis that the developed sensors are photo-conductive type 

and sensitive in the UV region of the electromagnetic spectrum.  
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In the science and applications of thin-films, the magnetism and superconductivity are 

known to be great examples of mutually exclusive states. As reported [1-3], hybrid films 

combining these two exclusive states at microscale exhibit exotic superconducting 

characteristics. 

 This study reports on a microfabricated-magnet and superconductor 

(Permalloy/Pb82Bi18) hybrid film structures which were sequentially grown by sputtering and 

thermal vapor deposition techniques. Superconducting and normal conducting current paths 

were formed parallel and perpendicular to the magnetic stripes, providing directional 

dependency on the current flow.  

By changing the orientation of the magnetic stripes with respect to the 

superconducting film, the exclusive transport characteristics of the hybrid film structure were 

investigated. The structural properties were observed and analysed using the SEM and XRD 

techniques. 

 

 

Keywords: Magnet-Superconductor Hybrid Film-Structures, Superconductivity, combined-

PVD techniques, low-temperature DC resistivity measurement.    
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MgB2 is a new, simple, and binary superconductor having a record high Tc for a non-oxide 

compound [1]. High-quality thin films, Josephson Junctions [2], and circuits made of MgB2 

are of importance for future superconducting-electronic applications [3]. To date, several 

groups have reported on MgB2 thin films made using various deposition techniques [4-7]. 

In this study, we report fabrication and characterization of MgB2 films grown by RF 

magnetron sputtering technique. A home-made sputtering target, composed of a mixture of 

pure Mg and B powders, was used. As expected, the fabrication of high-quality MgB2 films 

proved to be complicated because of large differences in vapour pressure between B and Mg, 

and Mg oxidizes easily. Several measures were implemented to avoid oxidation of Mg during 

deposition.  

The transport properties of the MgB2 films were investigated using low-temperature DC 

resistivity measurements. Structural and mechanical properties were investigated using the 

SEM, XRD, and nanoindentation techniques. 
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Company Name Contact Person About the Company e-mail address Web address 

Şişecam A.Ş. 
Prof. Dr. Şener Oktik, 

Ar-Ge Director 

Şişecam Group is an industrial group with the main activity fields of 

glass and chemicals production. The group is in a leading position in 

business lines covering all basic fields of glass such as float glass, glass 

household articles, glass packaging and glass fiber as well as soda and 

chromium compounds. 

seoktik@sisecam.com http://www.sisecam.com.tr/en/ 

Izmir Institute of 

Technology  

Bahadır Yaldiz, Secretary 

General  
Izmir Institute of Technology is one of the state universities in Turkey. bilgi@iyte.edu.tr http://iyte.edu.tr/ 

Teknoma 

Technological 

Materials Company, 

Inc. 

Prof. Dr. Metin Tanoglu, 

Director 

Research fields consist of technological/smart materials, polymers, 

ceramics and composites based materials, thin films and surface 

coating vacuum technologies. At the same time, coating units, vacuum 

systems and parts with sputter, ion beam etc. systems can be 

manufactured depending on order 

info@teknoma.net http://www.teknoma.net/ 

NanoMagnetics Ltd. 
Prof. Dr. Ahmet Oral, 

Director 

NanoMagnetics Instruments has been established in Oxford, UK in 

1998 to develop Scanning Hall Probe Microscopes (SHPM) for room 

temperature applications. The SHPM offers quantitative and non-

invasive magnetic imaging with high resolution, down to 50nm & 6nT 

/√Hz. 

bilgi@nano.com.tr http://www.nanomagnetics-inst.com/tr 

Teknotip Analitic 

Systems 

Erman Yenihayat 

 

The company is working in the fields of Nanotechnology, Bio-

Chemistry, Bio-Genetics, Polymer Industry, Super Critical Liquid 

Reactors and Radiation Oncology with its strong partnership with 

world leading companies presenting high-tech systems well-known by 

their durability and reliability all over the world. 

eyenihayat@teknotip.com.tr http://www.teknotip.com.tr/  

Günder Faruk Telemci 

GÜNDER is an important non-governmental organization of Turkey 

that consists of administrators and civil servants of public bodies, 

academic members, businessmen are in service in the sector of solar 

energy and the people who dedicated themselves to solar energy. 

Natural people and corporate bodies that are in service as part of aim 

and business segment of the association might be a member of the 

association. 

info@gunder.org.tr http://www.gunder.org.tr/ 

UKAM 
Prof. Dr. Lütfi Özyüzer, 

Director 
UKAM is scientific research area center at IZTECH lutfiozyuzer@iyte.edu.tr http://ukam.iyte.edu.tr/ 

Nanovak Hüseyin Durusoy 

Nanovak produces global products to meet the needs of its customers. 

Innnovative approaches and engineering techniques are employed to 

design and manufacture high quality vacuum and thin film products. 

bilgi@nanovak.com  http://nanovak.com/ 

Techno Plasma 
Prof. Dr. Lütfi Öksüz, 

Director 

Research fields consist of technological/smart materials, deposition 

devices of thin films and vacuum technologies. 
lutfioksuz@sdu.edu.tr http://plazmatek.com/ 

MEMS Mehmet Turken 
MEMS organization supplies high technological equipment and 

instruments in the field of nanotechnology, electric and electronics, 
mehmet.turken@mems.com.tr www.mems.com.tr 

mailto:eyenihayat@teknotip.com.tr
http://www.teknotip.com.tr/
http://www.gunder.org.tr/index.php/en/ueyelik/ueyelik-basvuru-formu
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physics and material science.  

Raith Andreas Remscheid 

Raith offers innovative instrument solutions for electron 

beam lithography, ion beam lithography, nano manipulation, electron 

beam induced deposition and etching. 

 

remscheid@raith.de http://www.raith.com/ 

Kenar Müh. Necmetin Kenar Research areas are optic, laser, plasma, vacuum systems.   info@kenarmuhendislik.com.tr http://www.kenarmuhendislik.com.tr/ 

Alser Teknik Naşit Çiner To supplier of furnaces and temperature controller systems. alser@bim.net.tr  http://www.prothermfurnaces.com/ 

Testone Seda Çiçek The company supplies test and analyses devices. info@testone.com.tr http://www.testone.com.tr/ 

Nanosan 

Instruments   

Numan Akdoğan, PhD 

International Sales 

Manager 

Nanosan Instruments is supplier of analytical instrumentation solutions 

for nanotechnology research and development. The company produce 

smart, user friendly and multifunctional instruments with state-of-the-

art performance and combine analytical tools into sophisticated 

systems. 

 

info@nanosan.com.tr http://nanosan.com.tr/ 

Beam-Ar-Ge Prof. Dr. Arif Demir Beam Ar-Ge supplies optic, laser, spectroscopy instruments. info@beamarge.com   http://www.beamarge.com/ 

Ayes Grup Hüseyin Devrim 
The company supplies analysis instruments and also installation and 

assembly.  
info@ayesgrup.com http://www.ayesgroup.com/ 

Testhermoelectric 
Prof. Dr. Raşit Ahiska, 

Director 
Research area is new generation thermoelectric systems. info@testhermoelectric.com http://testhermoelectric.com/ 

Entekno Oktay Uysal, Manager 

ENTEKNO Industrial Technological and Nanomaterials Inc. is a 

dynamic, innovative spin-off company founded in March 2008 at the 

Eskisehir Technological Development Region to perform high quality 

research and hence, to develop and commercialize novel functional, 

environmentally friendly advanced materials -including nanomaterials- 

and materials systems for sustainable growth. 

info@enteknomaterials.com http://www.enteknomaterials.com/ 

Nova Analitik 
Murat Aldemir, 

Director 
Nova Analitik supplies analytical instruments and relevant materials. info@novaanalitik.com http://www.novaanalitik.com/ 
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