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Preface 

 

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

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

2016)ò being held in Ilica Hotel Spa & Wellness Thermal Resort, ¢eĸme, Izmir, Turkey, from 

September 19 to 23, 2016. 

The first series of the conference, SATF 2014, was held at the Altin Yunus Resort & 

Thermal Hotel, Cesme, Izmir, Turkey, from September 15 to 19, 2014. SATF 2014 constituted 

a valuable platform for individuals to present their research findings, display their work in 

progress and discuss conceptual advances in many different branches of thin films. It was a 

very successful conference with over 450 abstracts submitted from 44 countries, of which 30 

were invited talks, and the rest distributed between 103 contributed talks and over 250 poster 

presentations. Based on refereed evaluation of all the papers submitted, about 40 papers were 

selected for publication in Vacuum and Applied Surface Science. 

SATF 2016 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. 

SATF 2016 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. The selected papers of SATF2016 will 

be published in Thin Solid Films. 

 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 Ķzmir 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 ¢eĸme 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 2016, I would like to wish you a nice and enjoyable stay in the ¢eĸme, may you all 

return home feeling recharged and ready to continue the invaluable explorations. 

Best regards, 

  

Lutfi Ozyuzer 

Chair 



iv 
 

Scope of the SATF 2016 Conference & Exhibition 

The SATF 2016 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 
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CONFERENCE PROGRAM 

  Sept. 19, 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 

14:00-14:30 Registration  

14:30-14:50 Registration  

14:50-15:10 Registration  

15:10-15:30 Registration  

15:30-15:50 Registration  

15:50-16:10 Registration  

16:10-17:30 Registration  

17:30-18:00 
Registration  

Registration  

19:30-20:30 DINNER 
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Sept. 20, Tuesday 

Kasara 1 
Sept. 20, Tuesday 

Kasara 2 

  SC: Lutfi Ozyuzer   

8:45-9:00 

Opening Ceremony               
Prof. Lutfi Ozyuzer           
SATF2016 Chairman               
Prof. Mustafa Guden         
Rector of IZTECH 

  

9:00-9:30 IS01: K. Kadowaki                           

09:30-10:00 IS02: M. Sahiner   

10:00-10:20 CT01: W. Nawrocki       

10:20-10:40 CT02: P. Badica                  

10:40-11:10 COFFEE BREAK COFFEE BREAK 

11:10-11:40 

SC: W. Nawrocki SC: G. Karapetrov 

IS03:  B. Basim              IS04: A. Oral     

11:40-12:00 CT03 H. Brown                CT06: G. Aygun      

12:00-12:20 CT04: N. Matsunami    CT07: M. Baker                            

12:20-12:40 CT05: A. Uygun Oksuz CT08: M. Ozdemir   

12:40-14:00 LUNCH LUNCH 

14:00-14:30 

{/Υ .Φ .ŀǎƤƳ SC: A. Oral 

IS05: A. Bek    IS06: O Tuna                               

14:30-14:50 CT09: T. Kamas CT12: H. Efeoglu         

14:50-15:10 CT10: F. Kurdesau            CT13: D. Mansuroglu                          

15:10-15:30 CT11:  M. Weidner                            

15:30-15:50 COFFEE BREAK  

15:50-16:10 SC. M. Ozdemir 
 

 ƛǒŜŎŀƳ {ǇŜŎƛŀƭ {Ŝǎǎƛƻƴ                                                                  
Prof. S. Oktik, Dr. Erdem Arpat, Dr. Aref Cevahir,  

Dr.Tuncay Turutoglu, Gulsah Kahraman 

16:10-17:30 

17:30-18:00 

19:30-20:30 DINNER DINNER 
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Sept. 21, Wednesday 

Kasara 1 
Sept. 21, Wednesday 

Kasara 2 

  SC: P. Badica SC: G. Aygun 

9:00-9:30 IS07: G. Karapetrov                   IS09: S. Oktik 

09:30-10:00 IS08: N. Miyakawa IS10: A. Demir                          

10:00-10:20 CT15: M. Afak CT17: T. Gungor    

10:20-10:40 CT16: A. M.  Samoylov    CT18: S. S. Ugur                                                                 

10:40-11:10 COFFEE BREAK COFFEE BREAK 

11:10-11:40 

SC: H. Efeoglu SC: M. Sahiner 

IS11: K. Nakajima IS12: A. Yamashita  

11:40-12:00 CT19: D. Kaya   CT22: M. Ozpirin  

12:00-12:20 /¢нлΥ ¢Φ 4ŀƪƛŎƛ  CT23: N. Yagmurcukardes 

12:20-12:40 /¢нмΥ .Φ TƪƛȊƭŜǊ CT24: S. Japarpour 

12:40-14:00 LUNCH LUNCH 

14:00-14:30 

SC: M. Mutlu SC: K. Kadowaki 

IS13: U. Unal      IS14: A. K. Okyay         

14:30-14:50 CT25: H. Algul CT29: E. Gungor          

14:50-15:10 CT26: T. Hadjersi  CT30:  H. Yuce  

15:10-15:30 CT27: T. Iwayama      CT31: L. Arda                    

15:30-15:50 CT28:  G. Kabay   CT32: E. Abacioglu 

15:50-16:10 
COFFEE BREAK & POSTER SESSION  A 

16:10-17:30 

17:30-18:00 COFFEE BREAK & POSTER SESSION  A 

19:30-20:30     

20:30-21:30  Gala Dinner & Turkish Night Gala Dinner & Turkish Night 

21:30-22:30  Gala Dinner & Turkish Night Gala Dinner & Turkish Night 

22:30-23:30  Gala Dinner & Turkish Night Gala Dinner & Turkish Night 
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Sept. 22, Thursday 

Kasara 1 
Sept. 22, Thursday 

Kasara 2 

  SC: N. Miyakawa {/Υ ¦Φ «ƴŀƭ 

9:00-9:30 IS15: A. Hoffmann           IS17: !Φ {ŎƘǸƭŜǊ        

09:30-10:00 IS16: S. Shayestehaminzadeh            IS18: A. Hassan                 
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10:20-10:40 CT34: M. Tokur CT36: D. Bouhafs  
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14:00-14:30 

SC: A. Ekicibil SC: A. Uygun 

/¢поΥ DΦ hȊƪŀȊŀƴœ     CT47: B. Kutlu    

14:30-14:50 CT44: F. Turkoglu    CT48: T. Tansel     

14:50-15:10 /¢прΥ !Φ /ŀƴǘŀǒ     /¢пфΥ 9Φ {ŀǊƤŎŀ 

15:10-15:30 CT46: G. Birant /¢рлΥ bΦ !ƪœŀȅ 

15:30-15:50     

15:50-16:10 
COFFEE BREAK & POSTER SESSION  B 

16:10-17:30 

17:30-18:00 COFFEE BREAK & POSTER SESSION  B 

19:30-20:30 DINNER DINNER 
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Sept. 23, Friday 

Kasara 1 
Sept. 23, Friday 

Kasara 2 

  SC: I. Kakeya   

9:00-9:30 CT51:  L. Ozyuzer                  

09:30-10:00 IS21: H. Altan   

10:00-10:20 
CT52: E. Yildirim                    

  

10:20-10:40 CT53: C. Sabah                 

10:40-11:10 COFFEE BREAK   

11:10-11:40 

SC: H. Altan   

IS22: C. Otani                          

11:40-12:00 
CT54: Y. Demirhan                    

  

12:00-12:20 CT55: G. Aral                 

12:20-12:40     

12:40-14:00 LUNCH LUNCH 

14:00-14:30 

SC: C. Sabah 
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CT56: H. Koseoglu 

14:30-14:50 CT57: H. Alaboz  

14:50-15:10 /¢руΥ aΦ ¸ƤƭŘƤǊƤƳ 

15:10-15:30 Concluding Remarks 

15:30-15:50   

15:50-16:10   

16:10-17:30   

17:30-18:00 
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POSTER SESSION A (3.30 pm to 6.00 pm,  September 21, 2016) 

PA001 
ɸnodic Formation of Nanoporous Crystalline Niobium Oxide  

Leonid SKATKOV 

PA002 
Surface Coverage Control of Self Organized Plasmonic Interfaces for Photovoltaics 

Gizem BIRANT 

PA003 
Surface Enhanced Raman Scattering Activity of 0 and 1 Dimensional Silver Nanostructures 

Ozge DEMIRTAS 

PA004 
Microstructure and Corrosion Behaviour Of AISI 4140 Steel Modified By Pulse Plasma Treatment 

Yēldēz YARALI OZBEK 

PA005 
Magnetic properties of thin film and superlattices 

Rachid Masrour 

PA006 
Electrical properties of p-n diodes based on undoped and Iodine doped ZnO nanorods prepared by hydrothermal method 

Hadjersi Toufik 

PA007 
Pulse electrodeposition of nickel-titanium nitride composite coatings 

Muhammet KARTAL 

PA008 
Kinetics of tartrazine photodegradation by Cu modified silicon nanowires 

Sabrina NAAMA 

PA009 
Characterization of CdS Thin Films Grown by Chemical Bath Deposition Using Two Different Cadmium Salts 

Hassiba MOUALKIA 

PA010 
Effect of Gum Arabic on Hydrogen Evolution of Ni/Mo Electrodes Prepared by Electrodeposition Route 

Elhachmi GUETTAF TEMAM 

PA011 
Determination of the Refractive Index of Dielectric Films from the Transmittance Spectrum by Using Morse Wavelet 

Erhan TIRYAKI 

PA012 

An Improved Method For Simultaneous Determination Of Refractive Index And Thickness Of Dielectric Films: A 

Simulation Study 

Seckin OZCAN 

PA013 
Aluminum doped amorphous silicon carbide by co-sputtering DC magnetron 

Amer BRIGHET 

PA014 
Development of Three-Dimensional Nanomorphologies in Carbon Thin Films  
Ronaldo MANSANO  

PA015 
Thermal Effect on I-V Properties for GaAs MESFET transistors  
Chahrazed KADDOUR 
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PA016 
Influence of Deposition Parameters on ZnO:Ga Thin Films 

Nilufer DUYGULU 

PA017 

Influence of some reactive elements addition on the microstructural, mechanical and tribological properties of niobium 

carbide coatings  
Eray ABAKAY  

PA018 
Effect of Bilayer Period on the Properties of Mo2N/CrN Multilayer Coatings Produced by R.F Magnetron Discharge  
Boudjemaa BOUAOUINA 

PA019 
Optical, microstructural and photocatalytic properties of metals doped TiO2 thin films  
Fayal BENSOUICI 

PA020 
Optoelectronic Properties of Nanostructured Carbon Thin Films by High Density Plasma Chemical Vapor Deposition  
Ronaldo MANSANO 

PA021 

Electrical and Photoelectrical Properties of (Poly(divinylbenzene)/ Multi-Walled Carbon Nanotube Nanocomposite)/n-Si 

Diodes  
Banu KUCUR 

PA022 
Structural analysis of Ge nanoparticles embedded ZnO thin films by Laser Induced Breakdown Spectroscopy (LIBS)  
Kemal Efe ESELLER 

PA024 
Structural and optical properties of transparent Y-doped anatase TiO2 thin films grown by Nd-YAG laser annealing  
 Faouzi HANINI 

PA025 
Effect of plasma oscillation on the ion deposition distribution in the process of an electron beam-heating metal substrate  
 C. Y. HO 

PA026 
Effect of Al doping on the structural and optical properties of SnO2 thin films elaborated by sol-gel technique  
Mourad KHECHBA 

PA027 
Studies in Cu2ZnSnS4 based solar cells with various buffer layers  
Abdesslam BOULOUFA  

PA028 
Comparative Study of ZnO Thin Films Deposited by Spray Pyrolysis and Sol-Gel Technique  
Malika MEDJALDI 

PA029 

Numerical simulation of bias-illumination stress with equivalent oxide thickness effects of gate insulator on amorphous 

indium-tin-zinc-oxide thin film t ransistors (a-ITZO TFTs)   
Takieddine TAOURIRIT 

PA030 
Using Self Assembled Monolayer to Improve Device Performance of Organic Light Emitting Diodes 

Ahmet Nuri OZCIVAN  

PA031 
The Effect of Fluorine Doping On Structural, Electrical and Optical Properties of SnO2 Thin Films  
Yasmina BENCHEIKH 
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PA032 
Fabrication of Cobalt Nanoparticles on Porous Silicon for Improved Photoluminescence 

Alper CETINEL 

PA033 
In situ photoelectron spectroscopy of WO3/LiPON interface for electrochromic devices  
Olivia BOUVARD 

PA034 
Effect of Si doping on the transition temperature and electronic properties of VO2 thin films  
Anna KRAMMER 

PA035 
Temperature Dependent Electrical Conductivity Behaviour of Sol-Gel Prepared Co:ZnO Thin Films  
Ebru GUNGOR 

PA036 

Tribological Properties at Room and High Temperature Conditions of TiVZrN Graded Composite Coatings Deposited with 

CFUBMS 

Ozlem BARAN 

PA037 
Plasmonic Effect on the Performance of Si-Based ZnSe Heterojunction 

Seda KAYRA G¦LL¦ 

PA038 
Device Characterization of Cu-Ag-Ga-Te Thin Films for Photovoltaic Applications 

Hasan H¿seyin G¦LL¦ 

PA039 
Dielectric Relaxation Mechanisms in CuO/Ball Type Phthalocyanine Composite Thin Films 
Banu S¿ng¿ Mēsērlēoĵlu 

PA040 
Optical and structural characterization of CuxZn1-x thin films deposited by thermal evaporation 
Damla BULUT 

PA041 
Studying the CdTe based extremely thin absorber layer solar cell 
Arezoo HOSSEINI 

PA042 
The vibration dynamics of the ordred bimetallic Pt(110)Cu(110)/Pt surface alloys 
Fazia LEKADIR 

PA043 
The superconductivity in Mg-doped InN grown by Molecular Beam Epitaxy 
Ahmet EKICIBIL 

PA044 

Determination of longitudinal optical phonon energy of GaAs1-xBix quantum wells (QWs) grown on various orientations by 

MBE  
Mustafa AKYOL 

PA045 
Study on the Performance of AlInP/n-InGaP/p-InGaP/AlGaInP Top Cell In Triple Junction Solar Cell  
Meryem LASLADJ 

PA046 

Parameters Extraction of Solar Cell Based on p-Si/n-Zno:Al Structure Using Genetic Algorithm  
Safia KEREOR 
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PA047 
Characterization of thin-film Li 0.5La0.5Ti 1-xAl xO3 Electrolyte for all solid state Li-ion batteries 

Seda Ulusoy 

PA048 
Spectral response of porous thin hydrogenated amorphous silicon carbide films (a-Si0.7C0.3:H)  
Assia BOUKEZZATA 

PA049 
Production of Au-Ag Thin Films and Investigation of Some XRD and XRF Parameters 

Omer SOGUT 

PA050 
Morphological Characterization of Zinc Oxide Nanomaterials and Their Applications in Dye Sensitized Solar Cells 
Sule ERTEN ELA 

PA051 

Polyvinyl chloride-co-Activated carbon nanoparticles nanocomposite electrodialysis cation exchange membranes: 

Fabrication and characterization in desalination process  
Sayed M. HOSSEINI 

PA052 
Influence of Al co-doping on the structural, optical, and electrical properties of Cu-doped ZnO thin films  
Abdullah YILDIZ 

PA053 
Growth of large area, single- and few-layer graphene on Ni-Cr by CVD method  
Mostafa DADASHBABA 

PA054 

Decolouration of Orange II solutions by the active layers of Cu-doped ZnO deposited on ceramics based on mullite and 

zircon  
Bouras DIKRA 

PA055 
Nitrogen Doping of Graphene by Plasma Treatment  
Alper YANILMAZ  

PA056 
Design and Device Application of Si-Based Cu-Ag-Ga-Te Thin Film Heterostructure   
Hasan Huseyin GULLU 

PA057 
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In 2007, powerful THz electromagnetic waves was discovered by us from a mesa structure made 

of intrinsic Josephson junctions, which consist of natural stacks of Josephson junctions in 

Bi2Sr2CaCu2O8+  (Bi2212) single crystals, when the synchronization is established in between 

superconducting layers[1-2] by simply applying dc voltage.  After intensive studies since then, it is 

possible to make a reliable THz wave emitter by improving thermal conduction between the device 

surface and the thermal bath[3-5].  Although the mechanism of synchronization is not fully 

understood yet[6], the power of 625 W so far has successfully been obtained in an array of three 

mesas[7].  In addition, the maximum frequency of 2.4 THz has so far been observed. The more power 

and the wider frequency spectra may be desirable for possible applications[8-13]. 

 

We will describe the recent experimental results on the stand-alone mesa and will show in detail 

the way of assembling of the device.  Some applications obtained by using the IJJ THz emitters are 

also shown at the conference. 
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Material based problems of semiconductor thin films can best be resolved with the detailed 

structural information and the correlation between the introduced subtle structural changes and 

device performance.  The need of highly sensitive structural probing techniques has increased 

dramatically with the continuous downscaling the semiconductor devices to improve electrical 

performance.  Due to scaling-related new emerging based problems, new or structurally modified 

materials will have to be used in crucial parts of the future complimentary metal-oxide semiconductor 

(CMOS) devices. Synchrotron radiation based spectroscopies can provide the crucial information to 

correlate the local structural modifications introduced by to new materials or variations in the 

synthesis conditions.  In this talk, recent examples of synthesis conditions versus structure variations 

as probed by x-ray absorption spectroscopy in thin films of CMOS devices will be presented.  

Selected examples will be on 1-) Hf based gate dielectrics where Al diffusion from contacts to the 

Hf oxide layers is a major problem, 2-) heavily arsenic doped junctions in source and drain regions 

where electrical deactivation occurs due to clustering of the dopant and 3-) Nb-based Nb2O5-PbO-

GeO2 (NPG), glass photonic thin films where interesting optical characteristics such as observed 

high nonlinear third order optical susceptibility due to subtle structural variations in Nb local 

environment.  Quantitative x-ray absorption spectroscopy analyses in these structures based on the 

data acquired at the National Synchrotron Light Source (NSLS) of Brookhaven National Laboratory 

will presented and the future of the synchrotron based spectroscopy and imaging in materials research 

with the recent opening of worldôs most advanced synchrotron source, NSLS-II will be discussed. 
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This study targeted to create a basis for the new generation semiconductor industry that deals with 

atomic scale devices and also expected to be utilized in many other fields such as advanced coatings, 

interfacial adhesion, biological systems i.e. corrosion prevention and enhanced biocompatibility of 

bio-implants and nano/bio interfaces. We focused on the accomplishments on the microelectronics 

applications of the CMP process as it is used for the current and future semiconductor applications, 

such as metal CMP applications of the tungsten T-gate transistors, high speed shallow trench 

isolation transistors with germanium and furthermore isolating thin films for advanced 

microelectronics applications.   

The preliminary model was developed on the very well established tungsten, which is being 

utilized as a gate dielectric for the novel T-gate transistors currently. Thin film analyses were 

conducted through advanced characterization techniques and also compared to the theoretical 

calculations for the modeling simulations. Atomic Force Microscope (AFM) was used to measure 

the surface roughness of the samples conditioned in the oxidizer environment before and after the 

CMP was conducted.  The affect of surface roughness on wettability of the surfaces studied through 

contact angle measurements on the treated tungsten films. Attenuated Total Reflectance FTIR/ATR 

technique in combination with the X-Ray Reflectivity (XRR) was utilized to determine the 

thicknesses of the oxidized nano films on the tungsten wafers.  The results were evaluated through 

the comparison of the Pilling-Bedworth ratios of the oxidized nano films to determine the ability of 

the created oxide films as a self-protective oxide [1].  The basic knowledge defined on the chemically 

modified thin films were also expanded to the germanium CMP applications. Particularly, formation 

and selective removal of chemically modified germanium/silica thin films in the presence of cationic 

and anionic surfactants were evaluated through AFM wear tests as well as CMP and surface 

wettability responses [2]. 

 

*This research is supported by European Union FP7 Marie Curie IRG grant on the project entitled 

ñNano-Scale Protective Oxide Films for Semiconductor Applications & Beyondò. 
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High speed atomic force microscope allows imaging dynamic processes on the surfaces. We have 

developed a very high speed tip scanning atomic force microscope (HS-AFM). We designed the tip 

scanning system to overcome the sample size limits, with a beam tracking capability to follow the 

cantilever motion.  A high resonance frequency flexure scanner developed which has 15Õm scan 

range in XY and 3Õm in Z axis.    A novel FPGA based high speed scanning and data acquisition 

system was developed.  The scanner is driven by sine wave in X-axis to avoid resonances and data 

were captured at equal sample intervals. 1 KHz line scan rate is achieved at 15Õm scan range with 

the HS-AFM.     
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Finding a possibility to control the activation of a single molecule is interesting since it paves the 

way to realize logic devices as small as molecules. This can be achieved by carefully designed 

devices which can interface a single molecule and interact with it at the same size scale. Such devices 

can be of electrical, magnetic or optical origin [1] and may induce changes in the properties of a 

single or few molecules which can act as switching registers for data processing or data storage at 

the nanometer scale. Optical devices that can interface a single molecule among an ensemble of many 

molecules are yet lacking. The main difficulty lies in the diffraction limit of practically ~150-180 nm 

focal size for a wavelength of 600 nm light. Compared to a few nm sizes of individual molecules, 

unambiguous activation of single molecules by means of absorption of light can only be possible for 

a device prepared from a sparse ensemble of molecules. Thanks to advancement in near-field optical 

instrumentation technology this main difficulty can be circumvented as the near-field light intensities 

typically have a very strong nonlinear dependence on distance. Strongly confined, highly intense 

fields of light called ñhot spots,ò can be achieved by engineering the nanoscale environment of a 

single molecule. By utilizing plasmonic resonances of nanoscale metal structures, such spots can be 

arranged to occupy from a few down to a single molecule. Nevertheless in these schemes, a broad 

far-field background component of the activation wavelength is inevitably superposed on to the near-

field of the nanoparticles. In this study we propose a method which is feasible for deterministic 

activation of few molecules. We demonstrate effective background-free continuous wave nonlinear 

optical excitation of enhanced yellow fluorescent protein molecules that are sandwiched between 

asymmetrically constructed plasmonic gold nanoparticle clusters [2]. We observe that infrared 

photons are converted to visible photons through efficient plasmonic second harmonic generation. 

Our theoretical model and simulations demonstrate that nonlinear conversion of continuous wave 

light becomes possible by Fano resonance in the nonlinear response. We show that nonlinearity 

enhancement of plasmonic nanostructures via coupled quantum oscillators such as molecules can be 

several orders larger as compared to their classical counterparts [3-4]. It is shown that second 

harmonic generation enhancement in hybrid structures can be obtained even in the absence of 

coupled quantum emitters [5]. This is an important simplification for facilitating the use of purely 

metal nanoparticles with functionality. 

 

1. Browne W. R. et al Annu. Rev. Phys. Chem.60, 407-428 (2009) 
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Passive solar control glazings have an extensive use with their functionality of controlling the 

solar heat gain in order to decrease air-conditioning costs by reflecting or absorbing a very important 

part of the solar energy. However having the disadvantage of being unresponsive to different climate 

conditions by means of altering the heat and optical properties. Smart systems like electrochromic 

(EC) or thermochromic (TC) windows seem to be the best solution to overcome these disadvantages. 

Electrochromic systems are multilayered systems and their colour or transmittance values can be 

optimized by applying an external voltage. Thermochromic systems can automatically arrange their 

transmittance according to changes in temperature. In this study, TC systems and results will be 

presented. The target was to achieve VO2 phase which shows metal ï insulator (M-I) transition at 

68 oC. Afterwords, it was aimed to decrease the transition temperature to room temperature by W 

doping. In the literature, in general V-metal target is used to achieve VO2 phase. In this way very 

sensitive and controlled O2 flow is required [1]. Another approach is using V2O5 target and H2 gas 

as reactive gas to reduce O2 content by forming O-H radicals during coating [2-3]. In our study, 

V2O5 target is used without any additional reactive gas. Only Ar was used as process gas. In order 

to achieve VO2 phase the layers were grown at 550 oC and annealed at 600 oC.  

From un-doped samples thermochromic transition temperature is found to be 67 oC with 

transmission difference of 46% in the infrared region. By W-doing the thermochromic transition 

temperature is decreased to 46 oC.  

In order to achieve M-I transition at 46 oC the layer is transferred on to the 6 mm green glass by 

using simulation programs. Two simulation programs Windows 5.2 and OPTICS were used. As a 

result of the simulation it is observed that the system temperature can increase to 46 oC due to higher 

absorption properties of green glass. Since the termochromic transition temperature is found as 46 

oC as experimentally it is clear that if the layer is grown on 6 mm green glass the thermochromic 

transition will occur without any additional heating of the system. 
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CuxTiSe2 is a dichalcogenide that has a similar phase diagram as high-Tc cuprates and pnictides, 

with charge and superconducting order coexisting in parts of the phase diagram. The charge density 

wave mechanism is unique in that it is driven by a combination of excitonic and Jahn-Teller 

mechanisms. Intercalation of TiSe2 with copper atoms adds electrons to the conduction band near 

the Fermi surface, producing a metallic phase at room temperature and a superconducting phase at 

low temperatures with highest critical temperature of 4.15K. Both the charge density wave and 

superconducting phases rely on specific and, perhaps, competing carrier interactions at the Fermi 

surface. We used transient optical pump-probe spectroscopy to examine lattice dynamics and 

electronic order of bulk CuxTiSe2 single crystals.  

In this work we examine the superconducting and CDW properties of CuxTiSe2 using spatial and 

time-resolved probes. We investigate bulk properties and atomic scale scanning tunneling 

microscopy and spectroscopy in CuxTiSe2. STM measurements reveal coexistence of chiral charge 

density wave and superconductivity.  We also focus on transient response of electronic states as a 

function of temperature and copper doping from x=0 (semiconducting and CDW state) to x=0.08 

(CDW and superconducting state). The fast optical response at low temperatures shows instability to 

excitations that are localized to the CDW part of the electronic band structure. This is accompanied 

by a weakening of excitonic contribution to the e-h recombination rates at x=0.04, signifying a 

possible transition from an Excitonic Insulator CDW to a Jahn-Teller dominated CDW. 

 

The work is supported by the National Science Foundation under Grant No. ECCS-1408151. Use of the Center 

for Nanoscale Materials, an Office of Science user facility, was supported by the U. S. Department of Energy, 

Office of Science, Office of Basic Energy Sciences, under Contract No. DE-AC02-06CH11357. 
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Our tunneling results on multilayered cuprates (MLC) with three or more CuO2 planes per unit 

cell will be presented. It is well known that the superconducting transition temperature Tc increases 

with increasing n until n=3 then it saturates or decreases, where n is the number of CuO2 planes in a 

unit cell, but the mechanism underlying high-Tc superconductivity is still under debate. Detailed 

spectroscopic studies on high-Tc cuprates have been extensively done on mono- or bi-layered 

cuprates, however those on MLCs have not been sufficient. The MLCs have two kinds of 

crystallographically inequivalent CuO2 planes, where one is an inner square plane (IP) with four-fold 

oxygen coordination and another is an outer pyramidal one (OP) with five-fold coordination. 

Therefore it would be important to investigate the quasiparticle density of states for each of the CuO2 

planes. Up to now in MLCs, it becomes clear the local carrier concentration at IP is different from 

that at OP from NMR studies [1], and the different electronic states at the IP and OP produces two 

kinds of superconducting gap [2]. The superconducting gap at IP (IP) is always larger than (OP), 

and the difference (IP)- (OP) is getting larger with overdoping, this behavior suggests that the 

gain in carrier concentration at the OP with doping is larger than that at the IP. This is one of peculiar 

features of MLCs. On the other hand, the overall shape of the tunneling conductance for both the IP 

and OP on MLCs is similar to those observed for mono- and bi-layered cuprates, such as 

Tl2Ba2CuO6+  [3] and Bi2Sr2CaCu2O8+  (Bi2212) in which an unusual dip structure behind  

together with d-wave like superconducting gap has been observed. The origin of tunneling dip 

structures has been discussed on bi-layered Bi2212 [4] and tri-layered TlBa2Ca2Cu3O8.5+  [5].  In this 

conference, we will show some new results on Bi2Sr2Ca2Cu3O10+  (Bi2223) and discuss how to 

control the bulk-Tc of Bi2223 in which the Tc vs p behavior is unusual in the overdoped region. 
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Glass can be categorized by many different parameters, with respect to its thickness, it is divided 

into three categories; flat glass (>1mm), curved glass (1-0.2mm), flexible glass (<0.2mm). Flexible 

glass with thicknesses of less than 200 Õm is classified as ñultra-thin glassò.  Glass properties such 

as excellent optical quality, dimensional and thermal stability, chemical stability, oxygen and 

moisture barrier (the high permeation barrier), low surface roughness together with low weight make 

ñultra-thin glassò an attractive candidate among other flexible substrate materials. In the near future 

it would have an important share as substrate or encapsulation material in flexible substrate market.  

Thus there are numerous research and technical development activities at global scale to improve 

and optimize the properties of ultra-thin glass for large-scale roll-to-roll (R2R) processes for the 

manufacturing of ñprinted electronicsò. 

The work is a brief summary of the status of opportunities and challenges in the R2R processing 

of flexible glass in different thin film deposition processes for applications such as flexible 

electronics, architecture, and energy conversion devices. 
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Single-shot LIBS has been used for the analysis of DLC thin films on the silicon substrate 

produced by HIPIMSA Nd:YAG laser [EKSPLA, NL 301 HT, 1064 nm, multimode] with 4.4 ns 

pulse width (FWHM) was used in LIBS system (see figure). Depth profile information was obtained 

from the spectra of consecutive laser pulses. There were no spectral interfaces at the position of lines. 

The emission lines having similar upper level and ionization energy were selected for reproducibility 

analysis to reduce the effect of varied plasma condition due to the changes in experimental 

parameters. Low Z carbon element in thin film can be detected by LIBS technique under normal 

atmosphere and vacuum conditions. In DLC thin films Cr spectra become dominant after 1-2 shots 

it affects the determination of low concentrated elements. Spectral emissions of elements in DLC 

thin film were simulated using PrismSpect collisional radiative sofware and compared with 

experimental spectra. 
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Terahertz spectrum between microwaves and infrared, is to be expected not only for wireless 

broadband communication but also for various kinds of imaging and analytical applications in 

security, medicine, and agriculture as well as material sciences. However, there is no imaging device 

satisfying both of the speed-speed and high-sensitive performances for terahertz waves. Microwave 

kinetic inductance detectors (MKIDs) originally developed for ultra-sensitive microwave detectors 

for radio astronomy purpose is a possible candidate of terahertz sensitive detector arrays with the 

easy multiplexing capability and simple device structure consisting of a superconducting monolayer. 

We propose NbN superconductor-based MKIDs as a sensitive terahertz imaging array. Although 

MKIDs were originally developed for ultra-sensitive microwave detectors for radio astronomy 

purpose, we invented a revolutionary MKIDs with a characteristic structure consisting of a 

superconducting rewind spiral indicating dual functional roles of microwave resonator as well as 

wide range terahertz antenna named ñSpiral-MKIDsò. It is expected that the Spiral-MKIDs fabricated 

of few ten nanometers thick NbN film reveals NEP in the order of 10-14 W/ÕHz above ~1THz 

corresponding to the energy gap frequency of NbN. The NbN-based Spiral-MKIDs can be operated 

using a commercially available liquid He free refrigerator. We present terahertz response properties 

of Spiral MKIDs made of ultrathin NbN films. Thickness of terahertz sensitivity of the NbN-Spiral 

MKIDs will be discussed. 
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Superconductivity is a phenomenon of exactly zero electrical resistance occurring in certain 

materials when cooled below a critical temperature (Tc). The research aims to fabricate the 

superconducting wire for power cable and magnet is promoted by discovery of iron based 

superconductors due to their high Tc and small magnetic field dependence of critical current density. 

Iron chalcogenide superconductor, so called 11-systems, has the simplest crystal structure among 

iron based superconductors. Furthermore, drastic increase of Tc from 8 K to around 40 K in FeSe is 

achieved by stress, which is introduced under high pressure or from substrates to thin film. In 

addition, 11-systems have high upper critical field and low anisotropy, which place them significant 

candidate for a wire application under high magnetic fields.  

As a new route to fabricate iron chalcogenide superconducting wire, we focused on an 

electrochemical reaction. Generally, electrochemical reaction can deposit a uniformly thin film on 

the various conducting substrates and is also effective way to remove or insert ions. To date, we have 

succeeded in synthesis of FeSe superconductor electrochemically [1-3]. Furthermore, we have 

reported that electrochemical reaction is also effective way to remove excess Fe, which suppresses 

superconductivity of 11-systems, and to enhance superconducting property [4, 5]. Therefore, the 

combination of these two electrochemical processes is a promising method to fabricate the 

superconducting wire by continuous process. Synthesis of iron chalcogenide superconductors 

and improvement of superconducting property by electrochemical reaction will be 

discussed. 
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Two-dimensional nanosize sheets as macromolecules have received a great attraction in the last 

decades. Studies on nanosize sheets, especially those of transition metal layered oxides and graphene, 

have revealed the potential of nanosize sheets in the photoelectrochemical, electrochemical and 

photocatalytic applications. Layered materials as photocatalysis are attractive and promising future 

technology for renewable and sustainable energy challenge which includes clean energy production 

(HϜ production from water splitting), decrease in the COϜ emission levels (by COϜ reduction) and 

elimination of hazardous organic pollutants under solar light or other illuminating light source. Films 

deposited from nanosheets of perovskite type layered materials can be utilized for 

photoelectrochemical applications. Another unique property of perovskite type layered materials is 

their luminescent behavior as a result of self-emission, or host-guest interaction. 

Graphite is also a very important and attractive material due to its excellent thermal and electrical 

conductivity, high mechanical strength, and extremely high surface area. Graphene obtained by 

exfoliating graphite shows these excellent properties in nano-dimensions. This wonder material has 

already expanded its applications by blending with noble metals, metal hydroxides and oxides. 

Herein, I will demonstrate the results of our recent studies on these layered materials. I will 

represent emission and upconversion properties of films deposited from nanosheets of perovskite 

type layered oxides. In addition, photoelectrochemical behaviour of these type of materials will also 

be revealed. Furthermore, I will demonstrate utilization of graphene-metal composites as electrode 

materials for electrochemical capacitors and catalysts for ammonia decomposition reaction. 
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For many electronic and optical applications, III-nitride materials are much sought after due to 

their direct and high optical band-gap, high electron saturation velocity and band-gap tunability. 

These important features enable many possible device applications, which are generally used in high 

power and high frequency applications. However, these films are generally grown using high 

temperature and high vacuum processes namely, MOCVD, MBE which limit substrate selection 

along with CMOS compatibility. In our work, we offer an alternative way of growth to fabricate thin 

film transistors (TFTs) and UV metal-semiconductor-metal (MSM) photodetectors. Hollow cathode 

plasma assisted Atomic Layer Deposition (HC-PA-ALD) technique make low temperature device 

applications possible. We have grown GaN and InGaN films and analyzed TFT and photodetector 

properties in detail. Electrical and optical characteristics of such devices are investigated. The results 

can pave the way for ALD to be used for III-Nitride based electronic and optical devices. Thin film 

transistor exhibit 2x103 ON/OFF ratio with threshold voltage of 11.8 V. MSM photodetectors, on 

the other hand, showed 20 pA under -20 V voltage bias with a UV responsivity of 680 ɛA/W under 

290 nm incident light with only a 20 nm thick film. The talk will also present next generation memory 

device applications of ALD based thin films 

 

*This research is partially supported by TUBITAK (Scientific and Technical Research Council of 
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Magnetic skyrmions are a perfect example for the ensuing complexity of mesoscale magnetism 

stemming from competitions between interactions crossing many lengthscales [1].  The interplay 

between applied magnetic fields, magnetic anisotropies, as well as symmetric and antisymmetric 

exchange interactions, can stabilize topologically distinct spin textures known as magnetic 

skyrmions.  Due to their topology magnetic skyrmions can be stable with quasi-partcile like behavior, 

where they can be manipulated with very low electric currents.  This makes them interesting for 

extreme low-power information technologies [2], where data is envisioned to be encoded in 

topological charges, instead of electronic charges as in conventional semiconducting devices.  

Towards the realization of this goal we demonstrated at room temperature stable magnetic skyrmions 

in magnetic heterostructures, which can be manipulated using spin Hall effects [3].  Furthermore, 

using inhomogeneous electric charge currents even allows the generation of skyrmions in a process 

that is remarkably similar to the droplet formation in surface-tension driven fluid flows [4].  Lastly, 

we demonstrated that the topological charge gives rise to a transverse motion on the skyrmions, i.e., 

the skyrmion Hall effect [5], which is in analogy to the ordinary Hall effect, which is due to the 

motion of electrically charged particles in the presence of a magnetic field. 
 

This work was supported by the U.S. Department of Energy, Office of Science, Materials Sciences 

and Engineering Division.  Lithographic patterning was carried out at the Center for Nanoscale 

Materials, which is supported by DOE, Office of Science, BES (#DE-AC02-06CH11357). 
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Cr2AlC is categorized among a family of materials which have the Mn+1AXn structure (MAX 

phases) and are intrinsically formed as nanolaminates [1]. It has been recently shown that 

incorporation of Mn into this material system can trigger magnetism in addition to its well-known 

unique combination of metallic and ceramic properties [2, 3]. Previously, (Cr1-xMnx)2AlC thin films 

have been synthesized using magnetron sputtering with different elemental targets [4]. It has been 

predicted [2] and experimentally revealed [4] that Mn is replaced by Cr in the M-sublattice resulting 

in magnetic ordering in the Mn-rich regions [5].  

Here, (Cr1-xMnx)2AlC films with a thickness range of 12-20 Õm were deposited by dc magnetron 

sputtering in an industrial deposition chamber on polycrystalline Al2O3, MgO(100), and MgO(111) 

substrates. A combinatorial approach is utilized using a split compound target facilitating the 

formation of a Mn concentration gradient. Energy dispersive X-ray spectroscopy measurements 

show that up to 5 at.% of Mn were incorporated into the coatings. Structural analysis was conducted 

by X-ray micro diffraction and magnetic measurements were performed with a vibrating sample 

magnetometer in a temperature range of 5-600 K. The films are to be oxidized step-wise in air for 

the temperature range of 900-1300 K for the time sequences of 15 and 30 min in order to achieve 

different oxide thicknesses. Changes in structure, and the magnetic response of the as grown and the 

oxidized coatings were correlated with the Mn content.  

 

*Support from the German Science Foundation (DFG) for project Schn735/29 is gratefully 
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Due to their fascinating optical and electronical properties, nanocomposite coatings play an 

important role in solar energy conversion [1]. Physical effects of the nanometric scale can result in 

interesting new material properties which might be exploited in solar energy conversion.  

This overview tries to illustrate the large variety of existing and envisaged solar energy 

applications of nanocomposite optical coatings. 

Nanocomposite dielectric films are used in novel multilayered coatings on glazing of photovoltaic 

modules and thermal collectors [2]. Such coatings combine a colored reflection with a high solar 

transmittance and open new possibilities for the architectural integration of solar panels in building 

facades. 

Embedded nanometer-sized metal clusters play an important role for selective solar absorber 

coatings. Nanocomposite Cu-Co-Mn-Si oxides can be deposited by a low-cost sol-gel process, are 

extremely stable at elevated temperatures, and might be useful as receiver coatings for thermoelectric 

power and industrial process heat generation [3]. 

Thermochromic films based on vanadium dioxide might be used for overheating protection for 

solar thermal systems. The material undergoes a reversible phase transition from the semiconducting 

monoclinic to the metallic tetragonal phase, inducing a strong change in the thermal emissivity. The 

temperature-dependent complex dielectric function has been determined by multiangle FTIR NIR-

MIR ellipsometry [4], and can be used for the design of novel multilayered smart solar absorber 

coatings. 

Innovative nanocomposite thin film materials might improve the properties of electrochromic 

smart windows. Next generation switchable glazing shall exhibit faster optical switching, stronger 

contrast between clear and colored state, improved homogeneity and energy efficiency of switching, 

as well as superior durability. 
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Organic solar cells (OSCs) based on bulk heterojunctions (BHJ) of conjugated polymers such as 

poly (3-hexylthiophene) (P3HT) and fullerenes such as (6,6)-phenyl-C61 butyric acid methyl ester 

(PCBM) have received significant attention over the last few decades due to their low cost 

processing, compatibility with flexible substrates, high throughput and thus reduced capital 

investment. Power conversion efficiencies (PCE) in the region of 7% have been achieved [1] and 

PCE of 10% or larger [2] is projected for the foreseeable future, which makes OSCs a viable 

replacement of the well- established silicon solar cells. Performance of such devices however is 

limited by a number of factors, mostly related to device processing, which includes choice of the 

most appropriate fullerene, type processing solvent for best nanostructured BHJ network, 

optimization of active layer thickness and post deposition treatment of these layers. Furthermore, the 

choice and the treatment of the electron and hole transport layers at the collecting electrodes have 

been invariably shown to play a paramount role in improving device performance. In this 

presentation an overview of intensive ongoing research carried out in order to develop strategies with 

the aim of optimizing OSCs performance as well as their long-term stability by looking into effects 

of all above mentioned parameters using UV-visible absorption spectroscopy, XRD, AFM, SEM, 

electrical conductivity as well as current density-voltage (J-V) measurements, both, in dark and under 

illumination. Electrical conductivity as well as dark J-V characteristics were analysed using 

Richardson-Schottky model as well as space charge limited conduction theory to evaluate the diode 

properties of the produced solar cells. Improvement in the physical properties of the PEDOT:PSS as 

the hole transport layer  proved to be a key factor towards enhancing the P3HT:PCBM bulk 

heterojunction (BHJ) solar cells, with power conversion effeciency reaching values as high as 6.82% 

associated with high fill factor (61%) and larger short circuit current density. The development of 

new active layers comprising P3HT:PCBM-based hybrids with single-walled carbon nanotubes or 

graphene will also be discussed in the this presentation. 
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In high-temperature superconductors, two-dimensional layered structure is considered as an 

essential nature for their superconductivity. The superconducting order parameter is localized at 

superconducting layers and blocking layers between the superconducting layers work as charge 

reservoirs. It has been known that the thickness of the blocking layer determines the superconducting 

anisotropy; however, the anisotropy of YBCO with Cu in the blocking layer is particularly low. This 

can be explained by introducing a specific role of Cu atoms in the blocking layers. PbSr2Y1-

xCaxCu2O7+ŭ (Pb1212), which contains not only Pb but also Cu in the blocking layers, is expected to 

provide a large variation of anisotropy parameter. We have been successful to grow Pb1212 epitaxial 

films with Tc up to 90 K[1]. In this talk, we first suggest a generic explanation of superconducting 

anisotropy after presentation of systematic change in the c-axis transport properties. Second, we 

argue the presence of superconducting fluctuation above the onset of resistive superconducting 

transition Tcon through terahertz time-domain spectroscopies (THz-TDS) of Pb1212 epitaxial films. 

We measured current-voltage (I-V) characteristics along the c-axis of Pb1212 epitaxial films with 

various Cu concentrations. With increasing Cu in the blocking layer, maximum Josephson current 

increases and the hysteresis of I-V curve is less pronounced. This suggests that Cu atoms in the 

blocking layers dramatically decrease anisotropy. The comparison with other cuprates has revealed 

the relevance between the components of blocking layers and the c-axis conductivity. It is found that 

macroscopic energy gap values of metal oxides in blocking layers have close relation with the 

microscopic nature of the c-axis conductivity in Pb1212 and other cuprates [2]. The complex 

conductivity at the frequencies from 0.2 to 1.0 THz in the under-doped and optimally-doped Pb1212 

epitaxial film was investigated by THz-TDS. By analyzing temperature and frequency dependence 

of the complex conductivity, we found that the superconducting fluctuation persists up to 12 K above 

Tcon for the underdoped film. Compared with previous reports, the superconducting fluctuation in 

Pb1212 is observed shorter temperature range than Bi2Sr2Ca1Cu2O8+ŭ and La2-xSrxCuO4. This is 

ascribed to the lower anisotropy of Pb1212[3]. 
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Nanoporous materials have emerged very recently as a class of candidate structural materials for 

advanced nuclear reactors. It has been found that they are potentially more resistant to radiation 

damage than more normal bulk structures materials. Computer modelling has been used to explore 

and explain the response of nanoporous materials to irradiation. The modelling has provided 

fundamental understanding of the atomistic processes responsible for the experimental observations. 

Were it has been noted that the internal structures are more robust against the displacement damage 

created by the passage of an energetic primary knock-on atom (PKA) created by neutron irradiation. 

However, a detailed investigation of the behaviour the cascade initiated by such a PKA reveals some 

interesting features. The presence of voids in the nanomaterials causes the cascade to spread-out 

around the void walls essentially defocussing the cascade and lowering the resulting displacement 

damage with the ultimate effect of changing the complexity, and hence stability, of remaining defects 

after the cascade has completed. Depending upon the size of the voids the cascades are more or less 

defocussed spatially. It is also noticed that the cascade is also defocussed in time as the lower velocity 

parts of the cascade spread across the void more slowly than the more energetic recoils. This affect 

further defocusses the cascade. 

 

In the work presented here we use LAMMPS to simulate a PKA initiated cascade in both a 

crystalline Fe target containing a set of nanovoids of the order of 20nm in size and a set of Fe 

spherical crystalline nanoparticles of 20nm diameter which have random orientation with respect to 

each other. A 10keV PKA is then initiated from various positions and the ensuing cascade is followed 

and the distribution and density of defect production is observed as a function of time.  
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Technologies based on terahertz waves (300 GHz ï 10 THz) are developing rapidly. 

Some of the most promising developments in recent years has been in the area of imaging 

and communications. Realizing that almost all non-resonant dielectric media are transparent 

and almost all conducting media are not transparent in this frequency range, materials which 

exhibit both characteristics can be extremely useful and need to be explored fully to exploit 

various terahertz photonics applications. THz frequency range metasurface structures are 

typically composed of a dielectric substrate and patterned metals such as gold, silver and 

copper. The high conductivity of the metal is important to enhance the transmission of the 

THz radiation through the structure. For this reason, in recent years superconductor based 

metamaterials have been developed to achieve modulation and tunability by controlling 

temperature and the applied magnetic field [1] [2]. Although metal based metamaterials have 

many advantages such as ease of production, patterning and high conductivity, they are not 

transparent in the visible region.  Two examples of such materials which our group has been 

working on recently are superconductors such as YBCO which show conductive behavior at 

low temperatures and ITO which shows conductive behavior at room temperature. 

Patterning of these materials into meta-surfaces on suitable substrates can allow for 

frequency selectivity which is a requirement for many of the aforementioned fields [3].  

These works are discussed in the context of current mm wave/THz stand-off imaging and 

communications investigations taking place in our laboratories.    

 

This project is funded under Scientific and Technological Research Council of Turkey 

TUBITAK Grant# 114F091.  

[1]  H. T. Chen, H. Yang, R. Singh, J. F. OôHara, A. K. Azad, S. a. Trugman, Q. X. Jia, and A. J. Taylor, 

ñTuning the resonance in high-temperature superconducting terahertz metamaterials,ò Phys. Rev. Lett., vol. 

105, no. 24, pp. 1ï4, 2010. 

 

[2]  D. Wang, Z. Tian, C. Zhang, X. Jia, B. Jin, J. Gu, J. Han, and W. Zhang, ñTerahertz superconducting 

metamaterials for magnetic tunability,ò J. Opt., vol. 16, no. 9, p. 094013, 2014. 

 

[3] Yasemin Demirhan, Hakan Alaboz, Lutfi Ozyuzer, M. A. Nebioglu, T. Takan, H. Altan and C. Sabah, 

ñMetal mesh filters based on Ti, ITO and Cu thin films for terahertz waves,òOpt Quant Electron 48, 170 (2016) 
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Cosmic microwave background radiation (CMB) is the oldest electromagnetic radiation we can 

observe in the universe. The observations of its 2.7 K blackbody spectrum and its anisotropy strongly 

support the Big Bang cosmology, and also strongly imply the ñinflationò before the bang. In order to 

prove its presence, the best way is to find the sign of the primordial gravitational waves. The waves 

are expected to imprint the rotational polarization patterns named ñB-modeò on the CMB. The 

precise measurement of the spatial spectrum of the polarization distribution is strongly required. For 

this purpose, we are developing the ground-based experiment, GroundBIRD. The telescope is 

planned to be situated in Canary Islands and its operation will start in 2017. In this presentation, we 

will show the current status of the development. 

GroundBIRD introduces several key technologies to realize the low detection limit for the CMB 

polarization observations such as a high-speed rotating telescope, cooled optics, and microwave 

kinetic inductance detectors (MKIDs). The high-speed rotating telescope is realized by a mechanical 

cryostat on a rotating table. We have newly developed a rotary joint to pass through the high-pressure 

helium gas as well as the electrical lines. The joint enables us to connect the head of the cryostat to 

the compressor placed on the ground. By combining the mechanical cooler with a 3He depressurized 

stage (He-10), we have achieved the holding time of more than 24 hrs with the continuous rotation 

at 20 rpm. The rotation enables us to scan a wide range of sky continuously and repeatedly. The 

expected ómultipoleô coverage is 6 < l < 300. The rotation is also advantageous to reduce the 1/f noise 

of the atmospheric perturbation. 

We have adopted a cold optics below 4K to suppress the radiation noise. The size of the aperture 

window is 30 cm in diameter. To minimize the incident thermal radiation, the metal-meshed filters 

and the radio-transform multi-layer insulations (RT-MLI) are utilized. The latter consists of a set of 

stacked formed-polystyrene layers. Each layer is transparent to radio waves and opaque to infrared 

radiation. Because the RT-MLI is cooled down by itself by radiating heat, no thermal link is required. 

Its performance does not change even if the aperture size changes. 

As the focal plane detector, we have adopted MKIDs because of its fast response time (~50-100 

Õs), a large number of pixels, and high sensitivity. The fast time response is crucial for the high-

speed scanning observations. The readout of MKIDs is based on the frequency domain multiplexing, 

and it enable us to realize a large-format detector array. The number of pixels is 109 and 330 pixels 

at 220 and 145 GHz, respectively. 
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High-T Low-E, sputter coating 

 

 

Functional solar selective optical coatings on glass have been developed to control the heating or 

cooling loads for buildings and automobiles. This type of coatings include Ag layer/s sandwiched in 

a magnetron sputter vapor deposited (MSVD) multilayer stack. Practical usage of this kinds of coated 

glass is either being a component in an insulating glass unit (IGU) or in a laminated windshield. The 

ratio of transmittance of infrared to visible wavelengths determines the selectivity of the product. In 

this study; an insulating glass unit with a high selectivity of Tvis min / g max: 75 / 35 is aimed. 

Selectivity increase is focused on improving the properties of Ag layers and base layersô for Ag. 

Deposition parameters of Ag and base layersô were changed by conducting an inline MSVD system 

located at Sisecam Science and Technology Center. Selection of less absorbing glass substrate and/ 

or antireflective coating on other glass surface, which will face the inner space of IGU, are second 

order improvement actions. 

 

*This research is partially supported by TUBITAK (Scientific and Technical Research Council of 

Turkey) project number 1130233.   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Science and Applications of Thin Films, Conference & Exhibition (SATF 2016) 
Izmir Institute of Technology, Izmir, Turkey, September 19-23, 2016 

 

27 
 

SS02 

Effects of Heat Treatment on Iron-oxide Coated Glass 

 
Aref Cevahir a*, Anēl ¥zen a, Ķlkay Sokmen a, Tuncay Turutoĵlu a, Selen Erkan a, Erdem 

Arpat a 

 
a SISECAM STC, Cumhuriyet Mah. ķiĸecam Yolu Sok. No: 2 41400 Gebze, Kocaeli, Turkey 

 

*Aref Cevahir 

E-mail address: ajavaherian@sisecam.com 

Phone: 0850-206-0463 

 

Spray pyrolysis, Soda lime silica glass, Fe2O3 coating, Tempering, Morphology 

 

Colored glasses are widely used in architectural applications. One of the possible techniques to 

produce colored glass is coating glasses with optical thin films.  Iron-oxide coatings are attractive 

candidate for coloring of glass due to their unique color.  

The aim of this study is to investigate the effects of heat treatment on Iron-oxide coatings on glass. 

In this study soda lime glass was coated with Fe2O3 by utilizing spray pyrolysis technique. In the 

first step, Fe containing organometallic precursor was dissolved in various solvents followed by 

spraying onto different hot glass substrates for different periods of time. Subsequently, coated glass 

was tempered or exposed to heat which caused a change in structure. Morphology, structure and 

optical properties of the coated glass were investigated by surface sensitive characterization 

techniques such as X-Ray Photoelectron Spectroscopy, X-Ray Diffraction, Atomic Force 

Microscopy, UV-Visible Spectroscopy, Fourier Transform Infrared Spectroscopy and Ellipsometry.  

Results of the experiments showed that duration of the heat treatment changes the morphology, 

structure and color of the coating. Also, changing the solvent of the precursor or substrate directly 

affected the color of coating.   
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Increasing demand on the energy efficient buildings, increases the use of solar control and low 

emissivity thin films on architectural glasses. These multilayer thin films consist of metallic, oxide 

and oxynitride layers which were deposited by magnetron sputtering. Thickness of layers change 

from 1nm up to 40nm, depending on the optical design and required mechanical properties. 

 

Production of glasses with solar control and low emissivity thin films, generally requires a 

secondary process such as thermal toughening. During thermal toughening glass temperature goes 

up to 700ϲC. At high temperatures, structural and chemical changes which have detrimental effect 

on the multilayer thin films may occur due to diffusion and oxidation phenomena. 

 

In this presentation, structural, chemical, optical and mechanical characterization of layers and 

defects in the multilayer thin films before and after thermal toughening will be discussed.  
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The pigments, inevitable components of the paint, have been known and used since the humans 

first started painting. Organic or inorganic, inert or active, the pigments are fine particle-sized 

substances that are incorporated in a binder for a variety of reasons. A simple way to classify 

pigments is to consider them as colorant, extender, anti-corrosive and effect pigments. 

Phosphorescent pigments, after being excited by a light source, will continue to emit light after 

the excitation stops. Aluminate based crystals with phosphorescence ability show this capability due 

to the 5d-4f orbital transition of a suitable dopant. In this system, the energy levels of intermediate 

orbitals of the dopant determine the wavelength (i.e. color) of the emitted light. 

Due to their excellent photo resistance and chemical stability, great brightness, long-lasting 

emission time, environmental safety as well as showing no emission radiation, aluminate based 

phosphorescent pigments are used in various applications such as luminous paint, ink, safety 

indicator, etc.  

The objective of this study was to investigate the preparation and characteristics of afterglow paint 

system for glass decoration. By using two different aluminate based phosphorescent pigments in 

polymeric coating, it was found that these pigments emitted green and blue light with high intensity. 

The paint system developed in this study was optimized in order to obtain long afterglow duration. 
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In the paper some properties, especially electrical conductance and thermal conductance, of 

semiconductor nanowires are discussed. We have analyzed and measured nanowires created of 

silicon and germanium because of using both Si and Ge for manufacturing of integrated electronic 

devices. Electrical conductance GE and thermal conductance GT of a nanostructure describe the effect 

of electron transport in nanowires. Electrical conductance quantization in nanowires has been 

observed in units of G0 = 2e2/h = (12.9 k )-1 up to five quanta of conductance according to the theory 

proposed by Landauer. In the paper we present our measurements of electrical conductance 

quantization in Ge, Co (Fig. 1) and Au nanowires at room temperature. The thermal conductance 

quantization is considered in a similar way like the electrical conductance. In one-dimension systems 

are formed conductive channels. Each channel contributes to a total thermal conductance with the 

quantum of thermal conductance GT0. Quantized thermal conductance and its quantum (unit) GT0 was 

confirmed by Schwab. The quantum of thermal conductance GT0 [W/K] = (p2kB
2 /3h)T = 9.5Ĭ10-13T 

depends on the temperature. At T = 300 K value of GT0 = 2.8Ĭ10-10 [W/K]. This value is determined 

for an ideal ballistic transport in a nanowire, with the transmission coefficient tij = 100%. It means 

that in all practical cases (when tij < 100%) the thermal conductance is below the quantum limit. 

  

 
  

Fig. 1. Room-temperature conductance of nanowires formed between a Co tip and a Ge plate. (a) Electrical 

conductance curves of nanowires; (b) histogram exhibiting the statistical conductance for Co-Ge.  

 

 In small structures a dissipated energy is quite large. For the first step of conductance quantization, 

GE = GE0 = 7.75Ĭ10-5 [A/V], and at the supply voltage Vsup = 1 V the current in the circuit I = 77 mA. 

The power dissipation in terminals of nanowires is P = I2/GE0 = 76 mW for the first step of 

conductance quantization. One can notice that the density of electric current in nanowires is 

extremely high. The diameter of the silicon nanowire on the first step of quantization can be estimated 

to D = 0.5 nm, so for I = 77 mA the current density J º 4Ĭ1010 [A/cm2]. 
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After more than 60 years since the discovery of the shape memory effect in equiatomic TiNi [1], 

the alloy is still intensively studied. TiNi shows one of the highest shape-recovery-rate among 

materials exhibiting the shape memory effect. It has also excellent mechanical and corrosion 

resistance properties [2]. Due to presented properties TiNi is very appealing for the medical field, 

where numerous applications were already implemented [3]. However, the large amount of Ni 

content induced a reticence in using the TiNi implants without taking supplementary precautions for 

avoiding side effects generated by ion release (Ni proved to be an allergen, toxic and carcinogen 

element). 

To obtain a ñzeroò side effect of TiNi implants, current efforts are dedicated to block the Ni/Ti 

ion release by creating a barrier between the implant and the tissue [4]. Moreover, Liu et al. showed 

that TiNi alloy coated with TiO2 film had improved blood compatibility [4]. Another approach is to 

deposit functional films, such as drug release films [5, 6]. Films that include drugs should be 

biodegradable, in order to allow the medicine to be released in the human body, and fulfil its purpose. 

Xi et al. [7] investigated the degradation behavior of a polymeric coating on cobalt-chromium stent 

platform. On the other hand, Xu et al. studied the biodegradation behaviors of PLGA stents both in 

vitro and in vivo to explore the usefulness of biodegradable polymeric stents in human common bile 

duct (CBD) repair and reconstruction [8].  

Our work proposes a comparative analysis of deposited inorganic/organic sandwich-like layers 

on TiNi substrate. Coatings consisted of an oxide XO2 (X=Si, Zr, Ti), or of the oxide covered atop 

by a polymeric layer, e.g., poly (lactide-co-glycolide), (DL (PLG) - [C3H4O2]x[C2H2O2]y). The main 

role of XO2 coatings was to block the Ni/Ti ion diffusion into tissue and of the polymeric layer to 

carry and deliver the appropriate drugs. As-prepared samples were implanted in rabbits. At the end 

of short-term (10 days) and long-term (60 days) experiments, samples were extracted and the nearby 

tissue was investigated. Temperature of rabbits during experiments was monitored. Coatings features 

vs. their implantation effects are presented and discussed. Positive results were encountered for 

various combinations of layers. 

 

[1] W.J. Buehler et al., Journal of Applied Physics 34, 1475 (1963).  

[2] K. Otsuka, X. Ren, Progress in Materials Science 50, 511-678 (2005).  

[3] L. Yahia (Ed.), Shape Memory Implants, Springer Berlin, 2000, 349 p. 

[4] J.X. Liu, D.Z. Yang, F. Shi, Y.J. Cai, Thin Solid Films 429, 225-230 (2003) 

[5] U. Westedt et al., Journal Control. Release 111, 235ï246 (2006) 

[6] X. Wang et al., Biomaterials 27, 5588ï5595 (2006) 

[7] T. Xi et al., Biomaterials 31, 5151-5158 (2010).  

[8] X. Xu et al., Polym. Degrad. Stab. 93, 811-817 (2008).  
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With the progression towards higher aspect ratios and finer topographical dimensions in many 

micro- and nano-systems, it is of increasing importance to be able to conformally deposit thin films 

onto such structures. Sputtering techniques have been developed to provide such conformal 

coverage through a combination of coating re-sputtering and ionised physical vapour deposition 

(IPVD), the latter by use of a secondary plasma source or a pulsed high target power (HiPIMS).  

This paper reports on the use of an alternate remote plasma sputtering technique in which a high 

density (>1013 cm-3) magnetised plasma is used for sputter deposition. The remote plasma sputtering 

is an inherently continuous IPVD process (not needing a secondary discharge) and through the use 

of substrate bias the arrival characteristics of sputter flux ions and plasma ions can be controlled [1].  

For both a metallic and reactive process it has been shown that a low substrate bias attracts a 

higher sputter flux to the substrate (up to 80 % for Al2O3) and with high enough substrate bias re-

sputtering of the deposited material occurs. 

Through the reactive deposition of Al2O3 onto complex structures, scanning electron microscopy 

(SEM) and energy dispersive X-ray spectroscopy (EDX) results demonstrate that applying a negative 

substrate bias during film growth can result in re-sputtering of deposited material and Al2O3 film 

growth on surfaces obscured from the initial sputter flux. 

Deposition of Al2O3 onto 5:1 aspect ratio structures has shown that through control of the substrate 

bias the coating thickness on the vertical and horizontal planes can be varied. For low or zero 

substrate bias the majority of the coating will deposit on the horizontal planes. Employing a substrate 

bias > -267 V results in the majority of the coating being deposited on the side walls. This occurs 

through the attraction of ionised sputter flux and re-sputtering of the thin film on the horizontal 

surfaces due to ion bombardment. It has been shown that by alternating the substrate bias between -

222 and -267 V, with a 50 % time at each voltage, conformal coverage of 5:1 aspect ratio structures 

can be achieved. It is expected that further optimisation of the process parameters will lead to a 

uniform film thickness on all surfaces of high aspect ratio structures. 

References: 

[1] Brown et al. ñThe impact of substrate bias on a remote plasma sputter coating process for conformal 

coverage of trenches and 3D structuresò J. Phys. D: Appl. Phys. Vol.48(33)5303 doi:dx.doi.org/10.1088/0022-

3727/48/33/335303 
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We have grown WNxOy films on C-plane-cut-sapphire (C-Al 2O3) substrate using reactive-RF-

sputter method with W target and N2 gas. According to X-ray diffraction (XRD), a strong peak 

appears at the diffraction angle (2ɗ) å37 Ü and a weak peak at å78 Ü. These peaks are assigned as WN, 

referring to JCPDS card data. No peaks were observed other than WN and C-Al 2O3 (2ɗ=41.7 Ü). The 

substrate temperature was optimized to be 425 ÜC so that the XRD intensity takes its maximum. 

Rutherford backscattering spectroscopy (RBS) of 1.8 MeV He+ ions leads to the composition, x=1.1 

and y=0.4 within RBS accuracy of 20 %. We have also investigated modifications of the films by 

ion impact and it is found that the electrical resistivity of unirradiated film (0.03 ɋcm) is reduced to 

4x10-4 ɋcm by 100 MeV Xe ion at 4x1014 cm-2 and the XRD intensity decreases to ~1/200 at 1013 

cm-2. It also appears that the resistivity of unirradiated film increases with decreasing temperature 

from RT to 30 K like semiconductor and irradiated film shows very weak temperature dependence. 
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Iron oxide particles MRI), drug delivery and nano/micro motors [1]. In this study, It was used 

Fe3O4 and plasma-OH modified Fe3O4 nanoparticles for application of micro motors. Fe3O4 and 

Fe3O4- OH nanoparticles were firstly dispersed in pure water helping with ultrasonic bath then drip 

to well clean glass and dried in atmospheric air conditions. Using Rf magnetron sputtering technique, 

they were coated with Platinum (Pt) as catalyst with fuel of Hydrogen peroxide (H2O2). The speed 

of micro motors was measured by using  Nikon Eclipse Fluorescence Microscopy with changing 

H2O2 and surfactant (Triton X-100) concentration. SEM-mapping was used for chemical 

characterization of micromotor surface. In optimized conditions (% 10 wt. H2O2 and %5 Triton X-

100) miRNA sensing of Fe3O4 and Fe3O4-OH micro motors are studied depending on target 

concentration and hybridization time parameters.  
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We have grown hafnium dioxide (HfO2), vanadium-oxide (VO2), In2O3:SnO2 (ITO) and 

Cu2ZnSnS4 (CZTS) by magnetron sputtering technique. HfO2 is a good candidate for applications in 

next generation metal-oxide-semiconductor (MOS) technology due to its high dielectric constant 

(ə=25) [1], reasonable energy bandgap (Eg >5 eV) [2] and thermodynamic stability on Si substrate. 

Vanadium dioxide (VO2) which is a transition metal compound demonstrates metal insulator 

transition (MIT) property. The transition carries out at nearly 68 ÁC [3]. VO2 exhibits insulator phase 

with monoclinic crystal structure at low temperatures below the transition, while metallic phase with 

tetragonal crystal structure at high temperatures above the transition. Since the electrical resistivity 

of VO2 at MIT changes by a factor of 104, it has high potential for the applications in microelectronic 

devices. It is used not only for FET applications, but also for other devices including nonvolatile 

resistive memories, optical sensors and thermochromics smart windows. Among the transparent 

conducting oxides (TCOs), indium tin oxide (ITO) is a material with low resistivity (~10-4 ohm.cm) 

and high transparency (~90%) [4]. As a result of these properties, ITO is transparent in the visible 

and reflective in the infrared spectral regions. It is used as electrode in LCD displays, photovoltaic 

cells, antireflection coating, heat reflective mirrors, transparent electromagnetic shielding, optical 

sensor and opto-electronic device. Cu2ZnSnS4 (CZTS) as an absorber layer for thin film solar cells 

is a promising candidate due to not only its low cost but also nontoxic properties contrary to CdTe 

and Cu(In,Ge)Se2 (CIGS). CZTS has a direct bandgap of 1.4-1.6 eV and a large optical absorption 

coefficient of about 104 cm-1. Therefore, CZTS is an ideal absorber layer for photovoltaic devices 

[5]. Beside these good advantages, the components of CZTS are also earth abundant and less toxic 

when compared to those of CIGS.  
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CdTe based photovoltaic devices are being developed for space and terrestrial applications. The 

thin film solar cells have been deposited directly onto flexible and UV radiation resistant cerium-

doped microsheet glass (CMG) by metal organic chemical vapor deposition (MOCVD). For space 

applications, the use of CdTe solar cells deposited onto CMG offers a reduction in weight and an 

increase of specific power compared to current solar cells. The devices are deposited in a superstrate 

configuration with the following multilayer structure: CdTe/CdZnS/CdS/ZnO/AZO/CMG. 

Incorporation of a ZnO buffer layer has improved the cell performance and currently, the highest 

efficiency obtained for these solar cells is 15.3%.   The thin film solar cells have been characterized 

by means of x-ray photoelectron spectroscopy (XPS), scanning electron microscopy (SEM), x-ray 

diffraction (XRD), atomic force microscopy (AFM) and scanning transmission electron microscopy 

(STEM). The 700 nm AZO layer exhibits a compact columnar structure with dome shaped surface 

features varying in diameter between 20 and 200 nm. Deposition of the ZnO layer on the AZO at 

340 ÁC gives rise to a layer which does not exhibit a columnar structure, but is comprised of small 

spherical grains of 30-50 nm in diameter, indicative of a high nucleation rate. This layer shows a 

semi-porous structure within the solar cell. Increasing the ZnO depostion temperature to 400 ÁC leads 

to the nanocrystallites exhibiting a more faceted morphology and increased grain size, due to a lower 

nucleation rate. The porosity of this layer is much reduced. The effect of the different ZnO layer 

morphologies on solar cell performance, particularly VOC, is characterised and discussed. 
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Rechargeable Li-ion cells are key components of the electronic devices required by todayôs 

information-rich, mobile society [1]. So, as it is clear that power requirements become more 

demanding, batteries are also expected to provide higher energy densities. Lithium-based batteries 

have begun to fill this need due to the higher energy densities that enables us to store at a minimized 

volume when produced as thin film. Further, lithium is very lightweight and has a high 

electrochemical equivalency and these properties make lithium an attractive battery [2]. All solid 

state batteries utilize solid state electrolytes to overcome the safety issues of liquid electrolytes. 

Drawbacks for all-solid state lithium-ion batteries include high resistance at ambient temperatures 

[3]. To get rid of this problem, in particular, some studies reported that Al for Ti substitution 

increases the ionic conductivity of LLTO [4]. Therefore, in this study, experimental studies were 

accomplished in two stage: target preparation and thin film growth. LLTO target was prepared by 

mixing the powders (La2O3, Li2CO3, TiO2) in appropriate stoichiometric rate. The mixed powder 

was put in a crucible, calcined at 1200 oC for 6 hours in air, repeating two times. Then, the powder 

is pounded again, put in a circular Cu base plate and pressed with a cylindrical button. As a result, 

2 inch circular disc-shaped target is formed. In order to fabricate solid state electrolytes with high 

ionic conductivity, thin- ýlm electrolytes of Li 0.5La0.5Ti1-xAl xO3 were grown by RF magnetron 

sputtering in Ar atmosphere. In order to investigate effect of Al2O3 on ionic conductivity, additional 

amounts of Al2O3 in compositions were prepared by conventional solid state reactions as target for 

the thin film deposition process. It is observed that at a certain amount it has beneficial effect on 

ionic conductivity. Also for the grain growth, anneal treatment is conducted. Furthermore, 

structural, compositional properties were characterized by SEM, XRD, Raman spectroscopy and 

XPS. In addition, ionic conductivities of the thin films and pellets, produced from different Al2O3 

compositions, were determined from impedance spectroscopy results. Results show that enhanced 

ionic conductivity obtained with Al doping.  
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In this paper, an electromechanical in-situ ultrasonic measurement method is to be developed for 

determination of viscosity change of industrial oils at room temperature and atmosperic pressure. 

Electromechanical impedance spectroscopy (EMIS) method is to be utilized in the measurement 

technique which will be developed. This method uses piezoelectric sensors that work in 

electromechanical principles as resonator and dynamically determines the characteristics of a 

medium that the resonator interacts. One of the extensively employed sensor technologies has been 

permanently installed piezoelectric wafer active sensor (PWAS) for in-situ continuous structural 

health monitoring (SHM). Using the transduction of ultrasonic elastic waves into voltage and vice 

versa, PWAS has been emerged as one of the major SHM sensing technologies. EMIS of PWAS-

liquid medium couple is a high frequency local modal sensing technique by applying standing waves 

to indicate the response of the PWAS resonator by determining the resonance and anti-resonance 

frequencies. This method utilizes the shear horizontal piezoelectric wafer active sensor (SHPWAS) 

to generate shear horizontal mode standing waves. Piezoelectric wafer active sensors are polarized 

and excited by electric field such that it can vibrate in shear horizontal mode. To simulate the actual 

EMIS measurements in the present work, three-dimensional coupled field finite element analysis 

(CF-FEA) models of SHPWAS submerged in liquid media are created in a commercial multi-physics 

FEA software, ANSYSÈ. The electrical impedance of an element depends on the physical properties 

of the element itself as well as on the acoustic properties of the surrounding medium. The acoustic 

parameters, namely the velocity and the attenuation, are directly linked to the elastic properties and 

microstructure of the embedding liquid medium. Then for evaluation purposes, the resolution of the 

so called inverse problem makes it possible to recover the ultrasonic properties of the surrounding 

medium from the measurement of the electric impedance of the piezoelectric sensor. The EMIS 

values of the specimens in in different viscosities are going to be simulated in broad-band of 

frequency spectra using CF-FEA models. An statistical correlation between the EMIS values and the 

viscosity values are established via the root mean square deviation (RMSD) method resulting in an 

index of property change. The paper ends with summary, conclusions, and suggestions for possible 

future applications 
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The broad use of ZnO:B transparent conductive oxide (TCO) layers as a front contact 

material for amorphous (a-Si:H) and tandem (a-Si:H/Õc-Si:H) silicon thin film solar cells is 

caused by an excellent combination of good optical transparency, high electrical 

conductivity and rough surface structure, which provides light trapping effect typically 

characterized by the optical haze value [1]. The synthesis of such a kind of surfaces requires 

the optimization of deposition process regimes and it may also significantly affect the further 

formation of silicon microcrystalline layers influencing the solar cells performance [2]. 

The ZnO:B layers were deposited by chemical vapour deposition (CVD) at 170-215 ÜC 

temperature and 0.5-1.5 mbar pressure with different DEZ/water gas precursors flows, where 

diborane gas (B2H6) was used for boron doping. The ZnO:B films optical haze was varied 

between 2 and 50 % (at 600 nm wavelength) combining the thickness variation (from 700 to 

2700 nm) and other deposition parameters. The a-Si:H and Õc-Si:H layers (as in the case of 

tandem solar cells configuration) were deposited by plasma enhanced chemical vapour 

deposition (PECVD) at 40 MHz plasma excitation mode, where previously obtained ZnO:B 

hazed structures were used as substrates. Optical and electrical properties of ZnO:B layers 

were studied by integrating sphere spectrometer and Hall measurements respectively, while 

the upper deposited a-Si:H/Õc-Si:H films were investigated by Raman spectroscopy (514 nm 

excitation) under the subsequent calculation of their crystallinity factors [2]. The surface 

roughness was estimated by AFM measurements. 

It was found that the crystallinity of deposited a-Si:H/Õc-Si:H structures correlates with 

the optical haze and surface roughness of ZnO:B substrate layers, on which they were 

deposited (e.g. the Raman crystallinity factor is ~5 % decreased for the optical haze increase 

to 50 %). The light trapping properties of TCO layers are reaching the optimum when their 

optical haze is >20% (which gives ~65 % light absorption within 400-1100 nm wavelength 

range for corresponding glass/ZnO:B/a-Si/ɛc-Si structures). This is also accompanied with 

a significant decrease of a-Si:H/ɛc-Si:H band-gap value. 

The paper will present the discussion on the preparation of ZnO:B films with different 

optical haze values and their effect over the crystallinity of further formed a-Si:H/Õc-Si:H 

layers considering structural properties, light trapping effects and the solar cells 

performance.  
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Solar cells are used for harvesting solar energy directly. Usability of this technology is under the 

press of cost per watt energy generated by final solar cell. One of the main factor is the energy 

conversancy efficiency and the efficiency is defined by the selected material and affected by the 

architecture of structure. On the other hand, starting material and final device quality is one of the 

main concern. The most important parameter for any solar cell is the life time of photo generated 

free carriers. Direct life time measurement on a solar cell is possible under the low light intensity 

excitation and to be calculated from digitized open voltage decay. In this study we have investigated 

crystalline and amorphous silicon solar cells. Life time of crystalline n++Si/p-Si/p++Si/Al structure 

with and without texturized front surfaces are measured at 77-340K range using 532 nm 920nm 

pulsed laser excitation. Surface roughness of structured and unstructured solar cells were 1.18Õm 

and 0.0057Õm, respectively. Life time measurements between 77-340K indicate that structured solar 

cell life time at 300K is 400Õsec and reaches to 1msec level below 250K. But life time of unstructured 

solar cells found to be 200Õsec at 300 K and reaching to 0.85msec below 150K. As shown in table, 

temperature coefficient at °40oC range indicating modification of surface for efficiency have 

negative effect on temperature coefficient of life time but even at +40oC life time of structured surface 

is better than reference solar cell. Further the effect of surface passivation to be discussed in detail. 

  
 

 
 

 Solar #01 

Unstructured 

Solar #02 

Structured 

Excitation 
Life Time Temp. Coefficient    

msec/K  (-40 - +40 oC) 

530 nm -12,8 -3.2 

920 nm -8,7 -3.9 
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Electrical conductivity of plasma polymerized fluorene-type (C13H10) thin films are investigated 

in situ utilizing two separate dopant materials: iodine and chlorine. These materials play an important 

role on the transport of electric charges in polymer films [1, 2]. The hole density of film increases as 

result of the presence of the electro-negative atoms and their attraction with pair of electrons. Doping 

process results in an additional level in band structure. Fluorene-type thin films are produced by 

using a mixture of biphenyl (C12H10) and methane (CH4) plasma. The dopants are exposed to the 

plasma directly as vapor during the deposition. Plasma reactor is a single capacitively coupled glow 

plasma system consisting of two parallel plate electrodes. The films are deposited on the glass and 

silicon substrates. In previous studies, the fluorene-type thin films surfaces are proven to be suitable 

for photovoltaic applications [3]. The purpose of this work is to enhance the conductivity of material 

so that it will be compatible for photovoltaic devices such as organic solar cells and organic light 

emitting diodes (OLEDs). In this study, the plasma depositions are generated for a range of plasma 

parameters, CH4 flow rate, and deposition time at constant pressure of 200 mTorr. The breakage of 

the ring structures and formation of new group compounds with the iodine and chlorine are 

chemically evaluated by Fourier Transform Infrared (FTIR) spectroscopy. The optical properties of 

the deposited films are observed using a UV-visible spectroscopy. The current ï voltage 

characteristics are measured via a two-point probe technique and the conductivities are analyzed for 

two types of polymer films generated with the iodine and the chlorine dopants.  
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Amorphous In-Ga-Zn-O (a-IGZO) are promising for developing thin films transistors (TFTs) 

because of their large electron mobilities, small subthreshold voltage swing, and low temperature 

fabrication process. a-IGZO TFTs are largely used in high-resolution active-matrix organic light-

emitting diode displays (AMOLEDs) and liquid crystal displays (AMLCD) [1,2]. The impurity 

hydrogen in gallium-indium-zinc oxide a-IGZO create deep defect near valance band minimum 

(VBM) which may cause instability. In this study we have investigated the effect of hydrogen on 

output parameter a-IGZO TFTs by two-dimensional numerical simulation (Silvaco). Our results 

indicates that the standard model does not reproduce measurements [3]. We therefore adopted the 

well known defect pool model for amorphous silicon to a-IGZO which gave much better results. The 

threshold Voltage (Vth) increase with increasing of Hydrogen and states near VBM concentration. 

 

 

References 

[1] Nomura, K. et al. Nature 432, 488 (2004). 

[2] Kamiya, T., Nomura, K. & Hosono, H. Sci. Technol. Adv. Mater. 11, 044305 (2010).  

[3] H. Tanget al, J. Appl. Phys. 118, 205703 (2015). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Science and Applications of Thin Films, Conference & Exhibition (SATF 2016) 
Izmir Institute of Technology, Izmir, Turkey, September 19-23, 2016 

 

44 
 

CT16 

Real Microstructure and Electrical Properties of Palladium 

Oxide Thin Films for Oxidizi ng Gases Detecting 
 

S.V. Ryabtseva, V.M. Iyevlevb, A.M. Samoylova,*, S.B. Kuschevc, S.A. Soldatenkoc 

 
a Department of Chemistry, Voronezh State University, Universitetskaya Sq. 1, 394006, Voronezh, 

Russian Federation 
 b Moscow State University, Moscow, Russian Federation 

c Voronezh State Technical University, Voronezh, Russian Federation 
*Corresponding author 

E-mail address: samoylov@chem.vsu.ru 

Phone: +7-473-2596515, Fax: +7-473-2524305 

 

[keywords] microstructure, gas detectors, palladium, palladium oxide 

 
Because of health problems and noxious effects on vegetation caused by atmospheric pollution 

in industrialized countries, air quality control is becoming of great interest [1]. Monitoring of ozone 

and nitrogen dioxide concentration in the atmosphere is a critical task for human health protection. 

Various types of binary and ternary metal-oxide semiconductors recently have been widely used for 

oxidizing gases detection [2, 3].  

The main purpose of this work is to study the real microstructure and electrical properties of 

palladium oxide thin films for detecting gases with oxidizing properties.  

Palladium oxide thin films (thickness was about 20 ï 40 nm) were prepared by thermal oxidation 

of previously formed by thermal sublimation in vacuum Pd layers on amorphous C/KCl (100), optical 

quartz, and polished poly-Al 2O3 substrates. Thickness of initial Pd layers was controlled by duration 

of metal vapour condensation at average speed of this process ~ 0.016 nm per second. Oxidizing of 

Pd films was performed by an annealing in dry oxygen atmosphere at temperature ʊ = 520, 570, 670, 

820, 920, and 1070 K within one hour. By HREED method it has been established that irrespective 

of the substrate nature the initial Pd layers were highly dispersive polycrystalline with random 

orientation of grains. The grain size varied within the limits from 0.5 up to 6 nm. The lattice 

parameter of Pd fcc crystal lattice is a = 0.3912 ° 0.0002 nm and is in excess of etalon value on 0.6 

% . By RHEED investigations it has been found that Pd layers annealing at temperature T < 570 K 

did not result in change of their phase structure. The annealing at 570 K < T < 820 K resulted in 

formation of two phase films. HREED patterns have shown the presence of PdO with Pd 

simultaneously. The rise of the annealing temperature up to T = 920 K and T = 1070 K led to 

formation of homogenous polycrystalline PdO films. It has been determined that PdO films are 

characterized with tetragonal crystal lattice with parameters a = 0.3043 ° 0.0002 nm and c = 0.5337 

° 0.0002 nm. Measurements of electrical properties confirmed p-type of conductivity of PdO films 

with energy band gap ~ DEg = 2.15 - 2.3 eV. Sensor properties of PdO thin films were testified by 

detecting of oxidizing gases presence in air. Particularly, at process of ozone quantitative detecting 

in air within concentration interval 0.005 ï 0.5 mg/m3 PdO films have shown high values of sensor 

response (S º 100), signal stability, and reproducibility of sensor response, which were proved by 

results of multiple recycles of measurements with the same ozone concentrations.  
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In this work, two groups of ZnO thin films were deposited by using Dip Coating (DC) and Ultrasonic 

Spray Pyrolysis (USP) techniques. The first group of thin films deposited using DC technique in the 

form of FilmA/substrate and FilmA/substrate/FilmA. Second group of ZnO thin films deposited on 

the dip coated sample (FilmA) by using USP technique (FilmB) in the form of 

FilmB/FilmA/Substrate.  Genetic algorithm (GA) method is used in the different ways for several 

studies to determination of optical constants of thin films [1-4]. The optical constants of all films 

were determined with GA method considering with the model based analysis procedure. The 

functional form of ὲ‗ and ‗ was used to extract optical parameters such as film thickness, 

refractive index (n) and absorption coefficient (a) from the experimentally measured optical 

transmittance. The GA method which was successfull in retrieving model based calculated 

transmittance is agree with experimentally measured optical transmittance for computer made and 

real films. One of the advantages for this method is considerably quicker and no need for successive 

parabolic interpolation and extra calculation. In addition, the quantity of the interference fringes is 

not as critical to the ability to perform the GA in comparison with the classical methods such as 

envelope method.   
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The Layer-by-Layer (LbL) deposition process is based on the sequential adsorption of oppositely 

charged colloids such as charged molecules, nanoparticles, dyes, proteins and other supramolecular 

species [1,2]. The LbL process has initiated the easy preparation of nano-composite textile fibers to 

be used in the manufacture of functional textiles [3]. Indigo dyed warp yarns were purchased from 

GAP Textile and used for obtaining denim fabrics which will gained self-cleaning and tensile 

strength properties. The cationic indigo dyed warp yarn was prepared by using two different 

commercial cationic dye fixing agent. Anatase titanium oxide nanoparticles (particle size <25 nm, 

specific surface area 200-220 m2/g) and Aluminum oxide nanoparticles (particle size < 50 nm, 

specific surface area 40 m2/g) were purchased from Aldrich and used for multilayer film composition. 

The isoelectric point of anatase TiO2 and Al2O3 nanoparticles are at pH 4.7-6.2 and 9.2, respectively. 

The pH of nanoparticle suspensions was adjusted for anionic and cationic groups according to 

isoelectric points of nanoparticles to different pH values by using NaOH and HCl. 1, 3 and 5 g/l 

nanoparticle suspensions were prepared at 40 W for 1 h by Sonics Vibra-Cell Ultrasonic 

Homogenizer. In the deposition process, the cationized and untreated warp yarns were deposited with 

10 multilayer nanoparticle films. Multilayer film coated warp yarns were dried at 60 ÁC and cured at 

130 ÁC for 3 min. Attenuated Total Reflectance Fourier Transform Infrared Spectroscopy (FTIR-

ATR) and Scanning electron microscopy (SEM-EDX) were used to verify the presence of deposit 

nanolayers. Photocatalytic activities of the nanocomposite films were evaluated through the 

degradation of red wine pollutant. Tensile strength tests of the warp yarns were achieved to evaluate 

the effect of solution pH values changes during the alternate dipping procedures and the deposited 

nanoparticles. 
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Functionalized atomically thin 2-D semiconductor surfaces with individual atoms or organic 

molecules provide unique properties for microelectronic and photonic device technologies. The 

scanning tunneling microscope is a great tool to determine not only the structure of atomically thin 

layer but also manipulate the individual atoms and molecules [1].The main purpose of this work is 

to understand the initial adsorption states and study local and non-local manipulation of oxygen and 

chlorobenzene molecules on the Si(111)-7x7 surface at RT. The molecules are manipulated far from 

the tip by electronic excitation of the bond between adsorbate and surface atoms. First, a bright and 

dark site of oxygen configurations are observed on the Si(111)-7x7 surface [2]. The bright site 

decreases with increasing oxygen dosage from 0.3 L to 0.4 L. The local manipulation of the bright 

and dark sites of oxygen molecules is performed a wide range of bias voltage (+3.7 to +10.0 V) for 

an electron injection of 50 ms. A displacement, transformation and desorption of oxygen molecules 

are observed due to electron injection on the sites. Moreover, only the manipulation of the dark sites 

are possible the range of 2-5 nm via non-local electron injection in a corner hole. The desorption of 

chemisorbed chlorobenzene molecules induced by local charge injection on the molecule. Increasing 

the amount of charge decreases the excitation time of the molecule from the surface. Moreover, a 

regime of 40 ¡ diameter, which is suppressed by the STM tip, was observed for the first time and 

omitted by Sloan et al. [3] by the non-local desorption of chlorobenzene molecules via electron 

injection on a corner hole. We studied the effect of increasing tunneling current from 0.2 nA to 8 nA 

(thus decreasing tip-sample separation) on the suppression regime. It is found that the region is 

independent from the tip-sample separation.  
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Multifunctional Fe2O3/ZnO structure has recently become the subject of intensive research due to 

their interesting physical properties and potential applications. Among all magnetic materials have 

attracted special attention of the scientific community due to their numerous vital applications e.g. 

in nanomedicine [1]. Wang et al. reported the synthesis of CdS/Fe3O4 and CdS/a-Fe2O3 hetero 

structures having magnetic, optical and photo-catalytic properties [2]. Hong et al. showed higher 

photo-catalytic activiy of Fe3O4/ZnO composite than that of ZnO [3].  In this study we firstly obtained 

ZnO thin films on glass at 450 oC substrate temperature by using Chemical Spray Pyrolysis (CSP) 

technique. ZnO is a wide band gap semiconductor (Eg.~3.37 eV) and the high efficiency of 

luminescence in the UV to visible regions of the spectrum makes ZnO an attractive material for 

optoelectronic applications [4]. ZnO thin film optical properties have been investigated by using UV-

Vis. duple-beam spectrometer and Photo-Luminescence (PL) measurements. We obtained that band 

gab of ZnO thin film has been calculated as 3.15 eV. Also structural analysis of ZnO thin film has 

been examined by using SEM, EDX, XRD techniques and electrical properties of the film 

investigated by four probe point technique. Then, we deposited Fe2O3 thin film on ZnO thin film by 

using radio-frequency (Rf) magnetron sputtering of a Fe target at 100 W/cm2. The preparation of iron 

oxide thin films can lead to devices with attractive optical, magnetic, and semi-conducting properties, 

which can be tailored by altering the preparation parameters and among all the vacuum processes 

used for producing films, the sputtering process is one of the most popular [5].  Thus we obtained 

Fe2O3/ZnO structure on glass. 

We finally detailed optical and structural characterization of deposited Fe2O3 thin film on ZnO 

thin film substrate by Rf magnetron sputtering was investigated UV-Vis. duple-beam spectrometer, 

PL and SEM, EDX, XRD techniques, respectively. Likewise electrical properties of Fe2O3 thin film 

investigated by four probe point technique. Furthermore, it is observed that resistivity of the 

Fe2O3/ZnO structure has been measured as 23 kɋ. 
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Reflective thin films have a variety of application areas such as solar collector systems for thermal 

and photovoltaic applications, optical mirrors, illumination armatures, laser applications, etc. Silver 

and aluminum coatings are commonly used reflective materials used in concentrating solar power 

systems [1] although silver is the most reflective material in the visible region [2]. Silver films can 

be deposited on substrate surfaces by various methods such as electron beam lithography, plasma-

assisted deposition, magnetron sputtering, and chemical vapor deposition [3]. However, they must 

be carried out under high vacuum environment and also can not be used in large-scale coatings. 

Electroless plating method is a promising option for silver deposition on arbitrary substrates at low 

cost, under low temperature and with easy controlled process parameters. 

This work focuses on development of highly reflective surfaces produced by silver coating for use 

in solar collector systems. Silver coatings were deposited in aqueous medium using silver mirror 

reaction. The method is based on adsorption of [Ag(NH3)2]+ complex ions onto the substrate surface 

and then the reduction to elemental silver Ag0 with the addition of an aldehyde as reductant. 

Parameters such as concentration of [Ag+], reduction time, effect of additives (such as alcohols, 

capping agent, etc.) were investigated within this study. Surface morphology of the silver film 

coatings were characterized by scanning electron microscopy, and their crystal structure by X-ray 

diffraction method. Surface reflectance was measured by UV-Vis spectroscopy. XRD results proved 

the growth of silver film on the substrates and also showed that no impurities were present in the 

film. SEM images were used to confirm the measured reflectance values. More evenly distributed 

and smaller-sized spherulite-shaped crystals were observed for surfaces with high reflectance. 

Reflectance value of 96% was achieved by optimization of the process parameters. 
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After the invention of lasers, field of the electro-optics has continued to develop rapidly. In recent 

years, especially electro-optical (EO) imaging systems usage have been improved quietly in military 

and civil aviation in order to find a source, detect small objects, provide night vision etc. [1, 2] In 

these applications, EO systems are exposed to quite harsh and unstable operating conditions like 

sudden changes in temperature, humidity, dust, fog, physical shock, vibration and radiation. If their 

optical surfaces such as prisms, lenses and mirrors are damaged because of these conditions, their 

repair usually is not possible. To mitigate these problems, it is necessary to develop special protective 

coatings for optical surfaces. The main goal of this study is to produce self-cleaning and super-

hydrophobic polymeric or hybrid thin films for protection of optical surfaces of the EO systems 

without any measurable loss in optical performance. Chemical vapor deposition (CVD) of polymers 

is a suitable method for the fabrication of thin film coatings and it has many advantages such as low 

production cost, low temperature, 3D geometry coating performance and high deposition rate.  

 

In this study, we present modeling and fabrication of single and multilayer, polymeric/hybrid 

protective nano-coatings based on super hydrophobic materials (refractive index of 1.3 to 1.7) with 

10 to 500 nanometer thicknesses fabricated by CVD. The thickness uniformity, surface roughness, 

chemical, mechanical and optical properties were thoroughly characterized by a variety of analytical 

techniques including Scanning Electron Microscopy (SEM), Atomic Force Microscopy (AFM) and 

Fourier Transform Infrared Spectroscopy (FTIR) and reflectometry. In addition, coating 

performance tests such as adhesion, temperature durability, moisture, salt resistance, detection of 

scratches and holes etc. were performed following Military Standards (MIL-STD). 
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Graphene is a one-atom thick sheet of sp2 bonded carbon atoms that are arranged in a honeycomb 

crystal lattice with exceptional properties. When transferred on to semiconductors such as GaAs, 

GaN, SiC and Si; it forms Schottky junctions [1]. More efficient and stable solar cells and Schottky 

barrier devices will be achieved by the development of surface improvement, doping and 

functionalization [2]. The electrical transport performance of the fabricated Schottky diode is directly 

based on interface properties between substrate and graphene layer.  

Self-assembled monolayers (SAMs) are well-oriented molecular structures that are formed by the 

adsorption of an active surfactant on a substrate surface. Aromatic SAMs were used before to modify 

anode/hole transport layer interface in order to achieve preferable barrier alignment and charge 

carrier injection [1,2]. In this study, n-type silicon substrates were modified by novel MePIFA and 

DPIFA SAM molecules to improve grafene/Si interface properties and increase charge carrier 

injection. Schottky diodes were fabricated by CVD grown graphene layers that were transferred onto 

bare and SAMs modified n-type silicon substrates. Electronic characteristics of the diodes were 

investigated by forward bias current-voltage measurements at room temperature. Atomic Force 

Microscopy (AFM) and Kelvin Probe Force Microscopy (KPFM) techniques were used to obtain 

surface morphology and surface potential properties of the bare and SAM modified film surfaces.  
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New generation of inorganic solar cells are Cu2ZnSnS4 (CZTS) thin films, in which sulfur, zinc 

and tin are replaced with selenium, indium and gallium in previous generation, CuInGaSe2 (CIGS), 

respectively [1]. The great interests and efforts were concentrated on the developments of CIGS solar 

cells which led to CZTS solar cells.  The components of CZTS solar cells are earth abundant and 

non-toxic [2].  CZTS also has near ideal properties for solar photovoltaics, as it is a very strong 

absorber and has a band gap of around 1.5 eV [3]. In this study, CZTS absorber layers were fabricated 

by magnetron sputtering of Cu, Zn, Sn thin film layers on flexible titanium and molybdenum foil 

substrates which were annealed in an Ar + S2(g) atmosphere. We aimed to investigate the role of 

flexible titanium and molybdenum foil substrates in the growth mechanism of CZTS thin films, so 

we needed to perform some analysis in order to confirm the suitability of CZTS thin films as the 

absorber layer in solar cell applications. One of these analysis is measurement of back contact 

interface resistance. This technique is an electric measurement and device performance testing for 

semiconductors. In this method, the measurement is done by measuring the current with respect to 

scanning an applied voltage across the solar cell and the current of intended area of solar cell is 

plotted against the applied voltage. This measurement at the first step of coating and before adding 

next layer helps us to remove the defects which prevent high efficiency because of direct connection 

between substrate and the first coated layer. In this study, the back contact resistance of deposited 

CZTS during rapid sulfurization and slow sulfurization processes were measured and the results were 

compared in order to understand the efficiency of each process after CZTS coating and before making 

device. The current ïvoltage (I-V) curve after silver (Ag) evaporation by using mask, was carried 

out between the bare area of flexible titanium foil as substrate and upper surface of CZTS deposited 

with Ag to characterize the performance of fabricated layer. The back contact resistance for each 

process was approximately the same and it showed low differences in rapid sulfurization process as 

well as short sulfurization process as calculated from the IïV curve. 
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In this study, wear and corrosion resistance of multilayer Graphene/Nickel coating was 

performed. The coating processes were carried out on steel substrates by mixture of electrophoretic 

and electroless coating methods. Firstly, reduced graphene oxide were deposited on the steel 

substrate via electrophoretic deposition. After electrophoretic graphene deposition, an additional 

layer of electroless nickel was deposited in order to improve the corrosion resistance and reduce 

cracks on the substrate. The microstructure, microhardness, tribological features of nanocomposite 

coatings were evaluated in detail. Microhardness of the composite coating was measured using a 

Vicker's microhardness indenter. Scanning electron microscopy (SEM) was performed to 

characterize the surface of the composite coating. Raman spectroscopy, EDS and XRD analysis were 

used to determine the chemical composition of composite coatings. Potentiodynamic polarization 

and electrochemical impedance spectroscopy (EIS) were used to study the corrosion behavior of the 

coatings. The tribological behaviors of the electrodeposited Graphene/nickel multilayer composite 

coatings sliding against an M50 steel ball was examined on a CSM Instrument. The tribological 

behavior of the resultant composite coating was tested by a reciprocating ball-on disk method at 

constant load for determination the wear loss and friction coefficient features against a counterface. 

All the friction and wear tests were performed without lubrication at room temperature and in the 

ambient air (with a relative humidity of 55ï65 %).  
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Iodine-doped Zinc oxide nanorods (ZnO:I) at different percentage (5-20%) were deposited on p-

Si and glass substrates using an a hydrothermal method. The effect of Iodine element content on the 

morphological, structural, optical and electrical properties of ZnO:I films was investigated by 

scanning electron microscopy, X-ray diffraction and UV-Visible spectroscopy. The doping with 

iodine resulted in a slight decrease in the optical band gap energy of the films. The junction properties 

of the diode were evaluated by measuring the currentïvoltage characteristics. The I-V characteristics  

showed rectification behavior with a rectification ratio dependent on the applied voltage and the 

Iodine doping rate. ZnO/p-Si heterojunction diodes exhibited non ideal behavior with an ideality 

factor higher than unity. The barrier height for undoped and Iodine-doped ZnO/p-Si diodes was in 

the range 0.64-0.76 eV. By means of the Impedance spectroscopy analysis, we investigated the 

frequency relaxation phenomenon and the equivalent circuit of such a structure. Finally, the effect of 

the iodine doping rate on the spectral response was studied.  
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After first reports on room temperature visible photoluminescence (PL) in the early 1990s [1,2], 

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), e-beam irradiation and rapid thermal annealing (RTA) 

to enhance the PL and to achieve low temperature formation of Si nanocrystals have been 

investigated. Together with, we prepared specimens of Si nanocrystals embedded in a SiO2 by 

reactive pulsed laser deposition (PLD) in an oxygen atmosphere. We will make clear the similarities 

and differences with the way of preparation. The samples used were prepared by implanting Si+ ions 

into oxidized Si epitaxial layers grown on p+-type Si wafers with oxide thickness of around 500 nm. 

The Si ions were introduced at acceleration energy of 180 keV with the fluence 7.5 x 1016 ions/cm2. 

The implanted samples were subsequently annealed at 1050 oC or 900 oC in a flowing N2 atmosphere 

for 4 hours using a conventional tube furnace. Some of the samples were UV-light (172 nm, 7.2 eV, 

Xe2
*) irradiated for 2 hours with power density of 50 mW/cm2 in vacuum, or rapidly thermal annealed 

at 1050 oC in N2 atmosphere for 5 minutes with a rising rate of 50 oC/sec. We also prepared Si 

nanocrystals embedded in a SiO2 by reactive PLD in an oxygen atmosphere. Si sub-oxide (SiOx, 

0<x<2) films were firstly deposited on Si wafers, by using conventional PLD system with 2nd-

harmonic YAG laser (532nm, 10Hz) under controlled low oxygen pressure (0.4Pa ï 1.2Pa). After 

deposition in the oxygen ambient, the SiOx films were annealed for 4 hours at 1050 oC in N2 

atmosphere to induce the formation of Si nanocrystals. We found that the luminescence intensity is 

strongly enhanced with excimer-UV lamp irradiation and RTA. Moreover, effective visible PL found 

to be observed even after FA at 900 oC. Based on our experimental results, we discuss the effects of 

excimer-UV lamp irradiation and RTA process on Si nanocrystals related PL. In case for PLD 

produced samples, 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 also discuss the effects of oxygen pressure during PLD on the PL intensity. 
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In this study, we performed an enzyme immobilization platform by applying low pressure plasma 

(RF) to a natural amyloid-like protein membrane. For this purpose, a model protein, bovine serum 

albumin (BSA), was chosen mainly for enhanced supporting property. To procure electrospinnable 

solution of BSA, beta-mercaptoethanol (ɓ-ME) was used to induce tertiary structure and low ratio 

(1.5:1.0 TFE:PBS (pH: 7.4)) of 2,2,2-triflouroethanol (TFE) was added as a stabilizing agent, 

respectively. The electrospun membranes were activated with RF plasma treatment by employing 

ethylenediamine (EDA) as a precursor to activate the membranesô surface by incorporating amino (-

NH2) groups. Those surfaces were then crosslinked with glutaraldehyde aqueous solutions at 

concentrations between 0.01- 5.00 % (w/v), which followed by the covalent attachment of glucose 

oxidase (GOD). The performance of enzyme immobilized membranes was tested by employing 

amperometric measurements against various glucose concentrations in terms of response time, 

enzymatic activity and linearity. The effects of plasma parameters and cross-linking conditions on 

the performance of enzyme electrode were also studied. The results indicate that, incorporating more 

amino groups on the surface of the membrane didnôt affect the enzymatic activity and the 

performance of the electrode positively. It is just because of the stearic hindrance of the enzyme 

molecules that were bound to amino groups to create an active single layer. To demonstrate this, 

Fourier Transform Infrared Spectrometry (FTIR-ATR) measurements were carried for each 

membrane to investigate amino groups related immobilization ratios correlation with overall activity 

of the membrane.  

 

This work was financially supported by Scientific and Technological Research Council of Turkey 

(T¦BĶTAK) (Project no: 215Z047). 

 

 

 

 

 

 

 

 

 

 

 

 

 



Science and Applications of Thin Films, Conference & Exhibition (SATF 2016) 
Izmir Institute of Technology, Izmir, Turkey, September 19-23, 2016 

 

57 
 

CT29    

The Frequency Dependent Capac tance Character zat on 

of Co:ZnO/S  Heterojunct on  

 
Ebru Gungora*, Tayyar Gungora, Deniz Caliskanb, and Ekmel Ozbayb 

 
aEnergy Systems Engineering Department, Mehmet Akif Ersoy University, Istiklal Campus, 15030 

Burdur, Turkey 
bNanotechnology Research Center, Bilkent University, 06800 Ankara, Turkey 

 

*Corresponding author 

E-mail address: egungor@mehmetakif.edu.tr 

Phone: +90-248-2132772, Fax: +90-248-2132704 

 

[keywords] Co:ZnO, Ultrasonic Spray Pyrolysis, Capacitance-frequency characterization. 

 

 

In this study, it was aimed to search the capacitance-voltage characteristics of the Co:ZnO/p-Si 

heterojunction structure as a function of the temperature. For the ZnO-based heterojunction sample,  

n-ZnO film was deposited on the low resistivity (0.1-10 Wcm) p-type Si (100) substrate by the 

ultrasonic spray pyrolysis (USP) technique. Substrate temperature was kept at 400 ÜC. X-ray 

diffraction (XRD) and photoluminescence (PL) measurements were used to obtain structural and 

optical properties. The PL emission in the UV bands was observed. Band-edge transitions as well as 

direct-band transitions for ZnO at around 380 nm (3.26 eV) are observed.  For these films, the 

hexagonal wurtzite structure of ZnO seems to be protected. But (002) peak intensities are varied.  C-

f measurements were carried out using LRC meter (5Hz- 2MHz) as a function of temperature in the 

range of 133-300K.  

 
 

* This research is partially supported by Mehmet Akif Ersoy University project number 110-NAP-
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Vanadium dioxide (VO2) which is one of transition-metal oxides exhibits metal-insulator phase 

transition (MIT). The transition takes place at nearly 68 oC [1]. VO2 has monoclinic crystal structure 

with its insulator phase whereas it has tetragonal rutile crystal structure with its metallic phase above 

the MIT temperature (TMIT). The resistivity of VO2 abruptly changes by an order of four at TMIT. In 

addition, the optical properties of material in near-infrared region change as depending on the 

temperature. Due to the change in electrical and optical properties of VO2, it is an interesting 

candidate for exploring potential applications. VO2 might play an important role on not only field 

effect transistors (FETs) as a channel [1], also the other devices including, micro muscles [2], tunable 

capacitors [3] and smart windows [4]. In this work, high quality VO2 thin films have been deposited 

on c-Al 2O3 substrate by dc magnetron sputtering technique. Temperature, oxygen concentration and 

deposition pressure were optimized for single phase VO2 films which show 104 order of MIT. During 

deposition, the substrate temperature was kept constant at 550 oC to obtain a good crystal structure. 

In order to determine structural, optical and electrical properties of grown films, various analyses 

carried out at different temperatures which are between 25 and 100 oC. MIT in VO2 was observed 

with the change in resistivity by a factor of 104 which is the highest value among the grown VO2 

films in the literature. Then, VO2 films were shaped with various strip thickness by electron beam 

lithography (EBL) in order to create channel in FET. As gate dielectric, high-k HfO2 was grown on 

VO2 strip by dc magnetron sputtering technique. The refractive index of grown HfO2 films was 

determined from the measurement taken by using Spectroscopic Ellipsometer. After that, gold was 

evaporated as gate and source-drain in order to apply electric field. After completed FET layers, 

electrical measurement carried out depending on applied voltage and temperature.    

 

*This research is partially supported by TUBITAK (Scientific and Technical Research Council of 

Turkey) project number 113F349.   
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Preparation, growth, structure, optical, electrical and gas sensing properties of Yb doped ZnO thin 

films were studied. Zn1-xYbxO (x=0.0, 0.01, 0.02, 0.04, and 0.05) precursor solutions were prepared 

by sol-gel synthesis using Zn and Yb based alkoxide which were dissolved into solvent and chelating 

agent [1-2]. Zn1-xYbxO thin films with different thickness were produced on glass substrate using 

sol-gel dip coating. Zn1-xYbxO thin films were annealed at various temperatures and times, were tried 

to observe the doping ratio, temperature, time and thin films effect on structural, optical, electrical 

and gas sensing properties. The surface morphologies and microstructure of all samples were 

investigated by SEM, AFM and XRD. The surface morphology of the Zn1-xYbxO films depend on 

substrate nature and sol-gel parameters such as withdrawal speed, drying, heat treatment, deep 

number (film thickness) and annealing condition [1]. Optical transmittance spectra of the Yb-doped 

ZnO films were analyzed at room temperature by using a UV-NIR (Shimadzu-2101 PC). The 

electrical properties of Yb-doped ZnO were considered within wide temperature range from 20 to 

200 ÜC under the high purity nitrogen (N2) flow and in the frequency range from 40 Hz to 1 MHz. 

The effect of the gasses on the conductivity of the thin films was measured in a hand made chamber 

and high purity N2 was used as carrier gas at the temperatures of 150 and 200 ÜC. 
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Optical properties of materials can be enhanced by tailoring their plasmonic properties. Plasmons 

are collective electron oscillations inside metals that can be coupled with light. Forming surface 

plasmon polaritons, this coupling creates strong optical and electrical fields within nanostructures. 

Plasmon resonance frequency is affected by intrinsic and morphological features of nanostructures 

[1]; therefore, design holds great importance. Since they support the production of complex 

hybridized resonances [2], 1D coaxial nanowires of several metal-dielectric layers and 0D multi-

shell metal-dielectric nanoparticles are promising in this manner. In addition, noble metals are 

generally preferred for plasmonic applications since their resonance frequency is in the visible and 

near-IR region. Scattering peaks of multilayered nanostructures depend on the thicknesses of the 

layers, i.e. thin coaxial nanowires exhibit strong plasmon mixing. Thus, dielectric and metal layers 

should be deposited as thin films. In this study atomic layer deposition (ALD) technique is used to 

fabricate coaxial nanowires. ALD is an important thin film deposition technique consisting of 

sequential surface reactions. Due to its self-limiting nature it has the best conformality compared to 

other thin film techniques, especially for high aspect ratio nanostructures [3]. In this work high aspect 

ratio silver nanowires that are synthesized by polyol process [4] are used as core nanostructures. On 

core Ag nanowires, oxides of titanium or aluminum are deposited as spacer dielectric layer which is 

succeeded by silver deposition. As the multilayered low dimensional plasmonic structures bear 

hybrid plasmon modes due to mixing, some of these modes are found to be subject to very low 

attenuation, thus long range, and long lifetime. We expect beneficial qualities as light management 

interfaces from the resultant nanostructures in thin film photovoltaic devices. The material properties 

and optical characterization of these structures will be discussed in this context. 

 

*This research is supported by The Scientific and Technical Research Council of Turkey under 
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 Cadmium Telluride (CdTe) ï Gallium Arsenide (GaAs) heterostructure is one of the most 

important material for imaging-sensing systems and solar cells. Producing high purity and crystalline 

thin films Molecular Beam Epitaxy (MBE) is the most widely used growth technique by depositing 

controlled single atomic layers in UHV conditions [1, 2]. MBE growth CdTe/GaAs (211)B layers 

were subjected to different wet chemical polish treatments to quantify the removal of O and Te-O 

from the surface. To protect the surface from physical damage due to the chemical processes, CdTe 

crystals were polished by slow etch rate (~ 6 nm/sec.). Atomic force microscopy (AFM) was used to 

determine as-grown and polished surface morphology and etch rate of chemical solutions. A study 

of the surface stoichiometry and the chemical composition of the as-grown and polished CdTe 

(211)B surfaces were carried out by using ex situ x-ray photoelectron spectroscopy (XPS). 

Vibrational phonon modes and surface quality were investigated by using confocal Raman 

spectroscopy. The selected wet chemical etching solutions were shown to be useful for CdTe (211)B 

chemical polishing.  
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Lithium ion batteries are good choice for portable electronic devices such as laptops, mobile 

phones and hybrid electric vehicles. Because, lithium ion batteries have high energy density, long 

cycle life, high safety and low cost. Carbon materials such as graphite are widely used as anodes in 

lithium ion battery applications. However, the theoretical specific capacity of negative electrode 

material of graphite is (372 mAh/g) the limiting factor for using portable devices. Silicon is one of 

the most promising alternative material due to its low working potential and highest specific capacity 

of 4200 mAh/g. However, silicon cannot be used singly, because of its lower conductivity and poor 

cycling stability during the electrochemical process. Carbon coated silicon is a practical strategy to 

improve the electrochemical performance of silicon based anodes. The carbon coatings can enhance 

the electrochemical conductivity as well as buffer the large volume changes of silicon particles to 

keep the electrode integrity.  

In this study, Si-C composites were synthesized a new gradient solïgel process. Then, the 

obtained Si-C composites were immersed in 10 wt.% HF aqueous solution at room temperature for 

1-3-5 hours to obtain different Yolk-Shell structures. The surface morphology of the produced 

electrodes was characterized using Field-emission scanning electron microscopy (FESEM), 

Transmission electron microscopy (TEM) and Energy dispersive spectroscopy (EDS) in order to 

understand the elemental surface composition of composites. The structures of the composites were 

characterized using X-ray diffraction (XRD) patterns and Raman spectroscopy. The electrochemical 

performance of the produced Si-C electrodes was investigated by charge/discharge and cyclic 

voltammetry tests from 0.05V to 1.5V in CR2016 test cells. The resistances of the cells were 

investigated using ac impedance technique (EIS). This study proved that Si-C nanocomposites 

remarkably increase the discharge capacity of the Li-Ion Batteries. 

     *This work is supported by the Scientific and Technological Research Council of 

Turkey (TUBITAK) under the contract number 214M125. The authors thank the 

TUBITAK MAG workers for their financial support. 
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The structural, optical, and electronic properties of group II-VI based alloy semiconductors make 

them highly desirable for photodetector, solar cell, and luminescent applications. Additionally, band 

gap of II-VI based alloy semiconductors can be tuned by controlling the composition in ternary or 

quaternary alloys. High quality thin films of II-VI based alloy semiconductors are mostly grown on 

substrates such as GaAs and Si with modern crystal growth techniques which are molecular beam 

epitaxy (MBE), metalorganic vapor phase epitaxy, metal chemical vapor deposition, chemical beam 

epitaxy, and hot wall epitaxy. Surface morphology and crystal quality of II-VI alloy layers are greatly 

effected by substrate preparation, growth, and annealing conditions. Surface preparation of GaAs 

wafers is applied in two steps which are chemical treatment and thermal deoxidation prior to growth 

in vacuum chambers. Conventionally, thermal deoxidation is performed under As overpressure 

which leaves surface rich with the Ga-related pits1,2. It has been already shown that In assisted thermal 

deoxidation creates smoother surface with neutral surface skewness3,4 compared to thermal 

deoxidation under As overpressure. In this study, we have comprehensively investigated thermal 

deoxidation of GaAs(211)B wafers under In overpressure prior to growth of II-VI alloy layers. 

Reflection high energy electron diffraction (RHEED) was used to monitor and analyze surface 

structure while spectroscopic ellipsometry (SE) was employed to investigate optical properties of 

GaAs wafers before, during, and after deoxidation process. Surface morphology of deoxidized 

samples was studied with ex situ atomic force microscopy (AFM) while surface states and 

stoichiometry of deoxidized samples was determined with x-ray photoelectron spectroscopy (XPS).  

Additionally, CdTe layers were grown on thermally deoxidized GaAs wafers under different 

deoxidation conditions in order to determine surface preparation effects to epitaxial II-VI layer 

growth. Crystal quality of CdTe layers were determined with high resolution four-crystal x-ray 

diffraction (XRD). 
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We have investigated the effect of Rapid Thermal Annealing (RTA) on effective minority carrier 

lifetime ( eff) and surface recombination velocity (SRV) in Czochralski (Cz) silicon p-type substrate. 

Wafers were undergoes RTA annealing with different peaks from 600 ÁC to 1000 ÁC. The Quasi-

steady state photoconductance (QSSPC) technique are used to measure eff to evaluate the impact of 

RTA annealing on eff. A degradation of the carrier life time were observed and the eff  values drop 

from 270 Õsec in the reference samples to 4 Õsec after  RTA cycle with 1000 ÁC peak. Also the 

maximum injection level of the carrier density (MCD) decrease from 4x1016 cm-3 to 5x1014 cm-3 and 

the calculated SRV rise from 23 s.cm-1 to 103 s.cm-1 for the Cz-Si wafer with 1000 ÁC peak 

temperature.  Using the experimental data of eff and the theoretical model of the apparent lifetime, 

we have observed that the recombination center density (Nr) increase from 1x1012 cm-3 to 6.7x1012 

cm-3. During RTA cycle at higher temperature peaks the recombination centers related to the 

transition metals like Fe and Cr and other traps related to the Boron-Oxygen (B-O) metastable defects 

are activated leading to the increase of Nr. Optical microscopy is used to observe the structural 

surface alteration due to the absorption of a high energy during illumination for a short time. Fourier 

Transform Infrared Spectroscopy (FTIR) technique show a high concentration of the interstitial 

oxygen (Oi) at 900 ÁC and 1000 ÁC peaks at 1107 cm-1 wave number indicating the dissolution of 

the oxygen precipitates in the silicon bulk.     

    

 Keywords: Cz Silicon, Rapid Thermal Annealing, Carrier Lifetime degradation, Recombination, 

traps. 
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A great harmony between metamaterial and graphene to exploit metamaterial-graphene 

resonances for unusual optical properties not seen in nature has gained a great importance for 

electromagnetic research and engineering, particularly in THz region [1]. Since THz science is a 

relatively new field of study, new structures and materials are needed to be discovered. Recently, 

graphene material has drawn a significant attention not only because it is the thinnest (2D) 

nanomaterial in the nature but also its perfect electrical and optical transparency properties [2]. In 

this work, a fishnet metamaterial (MTM) based on complementary hexagonal resonator modified by 

using graphene material in sub-THz frequencies is examined. The hexagonal metal layers are created 

and assigned as gold on a dielectric substrate. The smaller hexagonal structures are created and 

removed from both of the metal layers to obtain fishnet MTM. In order to improve S parameters, 

graphene material is converted to the sheet form to cover the metal layer and dielectric substrate 

separately. Graphene is selected to cover the composite fishnet MTM designs since it has some 

unique properties such as high electron mobility and conductivity [2]. The simulations have been 

performed by a full wave electromagnetic simulation to obtain the reflection parameter (S11), 

transmission parameter (S21), permittivity (Ů) and permeability (ɛ) of the composite. The opportunity 

of tunability of grapheneôs response by electrostatic doping increases the importance of these kind 

of structures and the presented fishnet metamaterial structures modified with graphene can 

effectively be used for tunability and sensor applications [3]. 

 

* The author acknowledges supports of Middle East Technical University - Northern Cyprus Campus 

(METU-NCC) under the grant number of BAP-FEN-15-D-3. 
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Biocompatible hydroxyapatite (HAp) coatings on load bearing metallic (Ti6Al4V) hard tissue 

implants act as bone morphogenetic proteins carrier for post operative accelerated healing, and 

enhance implant durability with the tailored microstructural and mechanical properties. TiO2 and 

HAp powder suspensions (15% solid content each) in deionized water or absolute ethanol were used 

to prepare Ti6Al4V substrate/TiO2, Ti6Al4V substrate/HAp, and Ti6Al4V substrate/TiO2/HAp films 

of thicknesses between 0.5 to 5ɛm by spin coating followed by heat treatment at 850ÁC. The XRD 

patterns of spin coated HAp films on Ti6Al4V pointed out to a particular crystal orientation which 

would increased the positive degree of cooperativity between HAp and proteins during adsorption 

and deposition. The orientation indicated by HAp biased peaks at 2ɗ values of 28.3Á of (210) and 

25.2Á of (002) planes, was brought about by the preferred alignment of rod like shaped grains (grown 

in one crystal direction during production) on the substrate. The intermediate TiO2 layer rebonded 

both to the substrate and the HAp film during heat treatment at 850ÁC. The  tensile test yielded 

adhesion strength values up to 30 MPa while the scratch test yielded values up to 170 MPa 

comparable to the commercial plasma spray coating method. 

 

*This research is conducted as part of the Ph.D. thesis of Seluk ¥zcan at Izmir Institute of 

Technology, Department of Chemical Engineering. 
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   The electrodeposition of micrometer sized Ni-Mo alloys was investigated using different values of 

applied current density at pH 5.5 and T 30 ÁC. The composition of the coating layer was determined 

using EDX. The crystalline of electrodeposits was examined using XRD, whereas, the morphology 

was investigated using MEB. The corrosion resistance of Ni-Mo alloys compared to pure Ni was 

studied in 3.5 % NaCl solution using potentiodynamic polarization and electrochemical impedance 

techniques. Ni-Mo alloy electrodeposited at current density 10 A/dmĮ show the best corrosion 

resistance compared to other Ni-Mo alloys and pure Ni [1, 2]. however, the addition of gum arabic 

to the corrosive solution improve the corrosion resistance of both Ni-Mo and pure Ni coatings. 
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The controlled incorporation of rare earth (RE) ions into ZnO is very promising technique for 

production of optoelectronic devices with emission in the visible spectral range. White light emission 

can be obtained by addition of three primary RGB colors emitted by ZnO epitaxial layers implanted 

with selected RE ions. RE doping by ion implantation offers the possibility of controlled doping at 

required depths and easy lateral pattering. It also suffers less from solubility limits than in situ doping 

techniques. However, because of the ballistic nature it does produce considerable structural damage.  

First part of our study was focused on the measurement of defect accumulation curve and the 

elucidation of defect transformations occurring upon ion implantation. It has been observed that at 

sufficiently high dose (approx. 2E15 ion/cm2 for 150 keV RE ions) plastic deformation occurs.  The 

driving force is the increase of shear stress due to the damage accumulation. Once the critical value 

of stress was attained dislocation slip takes place leading to the formation of dislocations tangle. Such 

a defect structure cannot be completely removed by thermal annealing. To solve the problem a new 

method of sequential RE-ion implantation has been developed basing on the stepwise incorporation 

of high concentration of RE. It consists on low fluence RE ion implantation that is followed by the 

subsequent annealing. The procedure has to be repeated until the required impurity concentration has 

been reached. Special care has been taken to optimize the post implantation annealing temperature 

and time. 

Epitaxial ZnO layers were grown using the ALD technique and comprehensive optical, electrical 

and structural studies using different techniques like: RBS/channeling, TEM, HRXRD and PL were 

performed. Consequently, the photoluminescence output of RE implanted ZnO epilayers has been 

maximized. 
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Although Cu(In, Ga)Se2 (CIGS) based thin film solar cells have already reached over 20 % 

conversion efficiency, inadequacy of In, Ga and toxicity of Se may hinder its mass production and 

promotion  for the future applications in PV. The Cu2ZnSnS4 (CZTS) is considered one of the most 

promising alternative layer in place of CIGS-based thin film solar cells due to comprising earth-

abundant elements (Cu, Zn, and Sn) [1], favorable optical band gap (1.4-1.6 eV), and high absorption 

coefficient (Ó104 cm-1) [2]. Although theoretical conversion efficiency of CZTS-based thin film solar 

cell is estimated around 32.4 % [3], the current record efficiency has been obtained around 12.6 % 

by IBM research group [4]. Various methods to obtain more efficient solar cells have been 

investigated in the past. These methods encompass trying different deposition techniques, 

sulfurization temperatures and times, controlling the composition of the film, etc. In our study, the 

metallic precursors Cu, Zn, and Sn sequentially deposited on Mo-coated glass. Then, they were 

annealed in a sulfur atmosphere at high temperature using different dwelling times to obtain complete 

CZTS structure. In this study, the effect of the shorter dwelling times with respect to literature on the 

structural, optical, and electrical properties of kesterite CZTS thin film is investigated. 
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Printing of nanoparticles on surfaces, or nanoimprinting, is an emerging technology where the 

final goal is to produce smart surfaces that can be used as sensors, flexible electronics or drug delivery 

tools. These surfaces would be using the unique characteristic of nanomaterials due to their small 

size and large surface to volume ratio. To our knowledge, until now, there has not been any reported 

technique of nanoparticle printing on three dimensional surfaces. In this abstract we are introducing 

the capillary origami as a method to create curved and enclosed surfaces that have printed 

nanoparticles on them. Wrapping of polymer surfaces around a liquid droplet due to capillary forces 

was reported previously [1, 2]. Folded polymer surfaces are promising for applications such as drug 

or microorganism encapsulation and release [3]. By having nanoparticle coating, these surfaces can 

be made more functional. Self-folded 3D surfaces covered with a thin magnetic nanoparticle layer, 

can be directed in a magnetic field; which makes this structure to be suitable for targeted drug 

delivery applications. A droplet on an elastic surface wraps the surface around it as it vaporizes under 

the effect of surface tension (ɔ) force. This forms a self-folding thin surface that can be pre-calculated 

[1]. The surface tension, which causes surface to fold, should overcome the opposing bending 

stiffness, (expressed as B) to form 3D folded structures. The main equation for the critical length to 

determine whether the surface will fold or not was previously given by Bico et al. as follows [2]: 

ὒ ὄϳ ϳ      (1) 

where LEC represents elasto-capillary length and depends on the bending stiffness and the surface 

tension between the droplet and the surface. The critical length of the surface has to be larger than 

LEC for the surface to wrap around the droplet [1]. Folding of surfaces by evaporating a distilled water 

droplet on a thin polymer membrane was first demonstrated by Py et al. [1]. In this method, only a 

pure water droplet was used and after the evaporation, the structure reopened completely. In this 

study, we utilize this method to print magnetic nanoparticles on thin PDMS membranes and form 3D 

folded structures that can be manipulated under a magnetic field. To achieve this, we placed a droplet 

composed of magnetic Fe3O4 nanoparticles dispersed in DI water, on a 15Õm thick PDMS square 

membrane and observed the folding of the surface as the water evaporated through the PDMS. We 

observed that the 3D structure preserves its shape after the evaporation is complete and the folded 

structure can be moved in a magnetic field without any shape deformation. The investigation of the 

particle distribution on the surface and its uniformity will be accomplished by using atomic force 

microscopy and will be presented at the conference. 
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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. Although, CZTS studies have been newly 

started yet, recently 12.6%   efficiency has been achieved [1]. Zinc oxysulýde (Zn(O,S)) is an 
excellent candidate for a wide band gap buffer layer because its constituent elements can be tuned to 

give any composition ranging between ZnO and  ZnS,  hence  forming  a  favorable  CBO  with  

various absorber layers [2]. Buffer layers should also be non-toxic and earth abundant in order to be 

environmentally safe and applicable in low cost production. Owing to its versatility, Zn(O,S) fits all 

these criteria and is therefore a promising candidate for replacing the conventional CdS as a buffer 

layer. Generally, indium tin oxide (ITO) is used as a window layer in solar cells. However, due to its 

high cost and toxic properties, researchers are searching for a better alternative for the same. In this 

regard, Aluminum doped zinc oxide (AZO) is considered to be an alternative because it is a low cost 

material having a high band gap, non-toxic in nature, and high transparency [3] . 
In this work sequentially deposited Cu-Zn-Sn thin film layers on Ti metallic foils using the 

magnetron sputtering technique were annealed in an Ar + S2(g) atmosphere [4]. The optical band gap 

energy value, Eg, was determined as 1.52 eV for CZTS films. In RAMAN plots of all samples nearly 

pure kesterite CZTS structureôs vibration modes are clearly depicted. Additionally, the intense and 

sharp XRD diffraction peak from the (112) plane provided evidence of good crystallinity. Moreover, 

optimum growth parameters for magnetron sputtered Zn(O,S), ZnO and AZO layers were 

determined. The films were characterized by X-ray diffraction (XRD), optical transmission, Raman 

measurements and X-ray photoelectron spectroscopy (XPS). For Zn(O,S) buffer layer, we observed 

that key parameters like band gap of the Zn(O,S) layers can be precisely tuned by varying the oxygen 

content,. For AZO window layer, we used rotating holder which has the same center with the 

sputtering chamber. SLG substrates were placed to the sample holder with different distances from 

the target. In this way, we investigate the effect of deposition angle, distance from the target and 

rotation speed. We observed sharp decrease in the resistivity when the distance between substrate 

and target increases.  

 

*This research is supported by TUBITAK (Scientific and Technical Research Council of 
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The quaternary compound of Cu2ZnSnS4 (CZTS) is a newly explored semiconductor photovoltaic 

material which is expected to be interesting for thin-film solar cell absorber. CZTS consists of Cu, 

Zn, Sn and S, which are fairly low cost, earth-abundant and environmentally friendly elements. 

Because of these advantages, CZTS is seen as a future replacement for CuInGaSe2 (CIGS) solar cells 

in photovoltaic (PV) industry. The CZTS thin films show p-type conductivity, high absorption 

coefficient (104 cm-1) and a band gap of 1.45-1.5 eV that is ideal to achieve the highest solar-cell 

conversion efficiency [1]. It is currently reported that the highest efficiency for the CZTS based thin 

film solar cells is 12.6% which demanding further improvement [2]. The development of high 

efficiency Cu2ZnSnS4 (CZTS) thin film solar cells depends on the synthesis of phase pure CZTS 

absorbers. Due to the difficulties of preparation pure phase CZTS films (i.e., a film lack of secondary 

phases), the structural and compositional properties of CZTS films must be systematically studied. 

In the current study, CZTS absorber films are prepared by two independent stages. CZT precursors 

are grown on the Ti foil or soda-lime glass substrates with deposition order from top to bottom 

Cu/Sn/Zn by using DC magnetron sputtering technique. The deposited precursors are sulfurized 

inside a graphite box with different sulfurization temperatures by using sulfur powder. For the 

structural characterizations, the Raman Spectroscopy, X-Ray Diffraction (XRD) and Scanning 

Electron Microscopy (SEM) are used. The atomic compositional ratio are studied using Energy 

Dispersive X-ray Spectroscopy (EDX) and X-Ray photoelectron spectroscopy (XPS) quantitive 

analysis. The effect of various sulfurization, pre and post annealing temperatures on the filmôs 

structures will be examined. The stoichiometry of CZTS films will also be discussed for high 

efficiency thin film solar cells. 
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Light management in thin-film photovoltaic devices can be realized by plasmonic interfaces. Self-

organized fabrication is a very suitable strategy for production of large area plasmonic interface [1]. 

However, the typical surface coverage of plasmonic structures lies around 25-35% on interfaces 

produced by this technique. This is too high with respect to the ideal value of 10% for the optimum 

light management [2]. In this work new self-organized strategies for control of surface coverage at a 

level of 10% will be developed. As an example, Ag nanowires or nanoparticles synthesized as 

colloidal solutions will be applied to coat photovoltaic related materials in a controlled amount. After 

the coating step, plasmonic interfaces will be produced by thermal treatment of these materials or 

surfaces in a self-organized manner. After the production of targeted plasmonic interfaces, their light 

management properties will be characterized [3-4]. The characterization is performed using scanning 

electron microscopy (SEM), reflection and angle-resolved scattering spectral measurements.  
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Electrochromismðthe alteration of absorption/color by electrochemically induced redox 

reactionsðis a property shared by several electroactive species including inorganic transition metal 

oxides, hexacyanometallates, viologens and conjugated polymers. Electrochromic materials consists 

of layered coatings. A typical example can be five to seven layers. As a principle, on electrochromic 

devices, a newly layer is created by coating an electrochromic conductive polymer on the surface of 

hard layer. The electric potential is provided via this conductive layer. This conductive layer is coated 

again with an electrochromic material after coated on the top with an electrolyte material which 

separates its ions and the sandwich construction is completed with coating usually indium tin oxide 

(In2O3, ITO) as a conductive and transparent material. The color change occuring in the polymer, 

depending on the potential difference which is given to the conductive layers, the degree of oxidation 

and reduction reactions during passing electrochromic polymer material through.  

 

In this study, the aim was to obtain electrochromic textile structure by forming electrochromic 

structure on the textile fiber. To form electrochromic structure polyamide (PA) fiber was used.  

Towards this aim, a system was created that allows continuous process flow in order to coat the fibers 

by wet chemical methods after initially coating them by plasma (magnetron sputtering) with indium 

tin oxide (ITO). Hence, PEDOT, polypyrrolle were used as conjugated polymer, ITO was used as 

conductive material, as the metal oxide as well. In this study, magnetic sputtering method was applied 

for ITO coating, chemical oxidative polymerization method (sol-gel) was for the coating of 

conductive polymers. To obtain electrochromic structure, firstly PA fibers was coated by ITO by 

magnetron sputtering and then by PEDOT by chemical oxidative polymerization. In this chemical 

oxidation oxidant agent and organic solvent was studied to find the most suitable formula. The third 

layer was gel electrolyte prepared by PEMA, PVC, PC and LiClO4. The fourth layer was polypyrrole 

and the last layer was again ITO by magnetron sputtering. FTIR-ATR and SEM were applied for the 

characterization of chemical coatings on the fibers and for the characterization of the film morpholog, 

respectively. Conductivity properties of the fibers measured by electrochemical impedance 

spectroscopy (EIS). 
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    Black silicon photodetectors are another variation of silicon photodetectors are known that able to 

sense the visible light. The material is called ñBlack siliconò because the silicon surface has a unique 

surface geometry which is non-reflective and highly absorptive [1]. Their applications in silicon 

devices, predominantly in photovoltaics is known that the black silicon photodetectors have good 

responsivity values in visible [2] and near infrared (NIR) regions [3]. Hypersaturated solid solutions 

of chalcogen in silicon were fabricated by ion implantation followed by nanosecond pulsed laser 

melting. The optical absorptance is ~100% in 0.7 ï 2.5 ɛm and ~90% between 2.5 ï 25 ɛm 

wavelengths respectively. Hypersaturated black silicon photodiodes produced from these materials 

also shows high quantum efficiency at room temperature and at the lower temperature (80 K) shows 

extremely broad spectral response (in NIR, mid-wave infrared ïMWIR and long-wave infrared ï

LWIR) which makes the black silicon also applicable in low-cost IR technology.  

 

 

i. This research is supported by Hacettepe University, BAP (Scientific Research Project Unit) 

project number 013A605001 - 392.   
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Rossendorf (HZDR), Dresden, Germany.  
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Technical University, Center for Solar Energy Research and Applications (G¦NAM) 
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Semiconductor materials which have narrow and direct band gap are well accepted to use in 

sensing devices and solar cells. From this aspect lead sulphide (PbS) thin films are promising 

materials because of their small and direct band gap in bulk form (0.4 eV at 300 K) and relatively 

large exciton Bohr radius (~18 nm) [1]. Furthermore, relatively large exciton Bohr radius originates 

the quantum size effect and thus it allows tuning the band gap by adjusting crystallite size [2]. 

Especially, in terms of obtaining the material with the band gap which is in accordance with the solar 

spectrum, this phenomenon gives rise to use in PbS thin films for absorber layer in solar cell. 

Additionally, depending on the sulfur concentration in materials PbS thin films exhibit both n-type 

and p-type electrical conductivity. Lead rich materials have n-type conductivity while sulfur rich 

materials have p-type conductivity [3]. 

 

In this work, PbS thin films were deposited onto glass substrate by ultrasonic spray pyrolysis 

system at substrate temperature of 225 C̄. Precursor solution were prepared by dissolving lead 

acetate and thiourea chemical salts in distilled water. In order to investigate Pb-S rate effect on 

physical properties of PbS thin films, in precursor solution Pb molarities were fixed as 0.05M and S 

molarities were chosen as 0.05, 0.075, 0.1 and 0.125 M for named as E5-0, E5-1, E5-2 and E5-3 

films, respectively. Structural properties were evaluated by using XRD patterns and crystallite size 

and lattice parameters were calculated. Optical band gap, Urbach parameter and optical properties 

were determined by using transmittance and absorbance spectra taken UV-Vis spectrophotometer. 

Electrical properties were examined by I-V curves using two probe technique. 
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Kesterite-type Cu2ZnSnS4 (CZTS) is a quaternary semiconductor compound which contains 

earth-abundant and environmentally friendly elements. As an absorber layer for low-cost thin film 

solar cells, CZTS is a promising material with its suitable direct bandgap in the range of 1,4-1,5 eV 

and a high absorption coefficient above 104 cm-1[1]. According to Shockley-Queisser limit, it is 

possible to reach an efficiency of % 32 with a single junction solar cell made up of absorber layers 

having 1.5 eV bandgap [3]. 

In this study, a two-step approach was used for the synthesis of CZTS thin film absorbers. In first 

step, CZTS precursor film was deposited on Mo-coated soda lime glass (SLG) substrates by using 

co-sputtering of Cu (DC), Sn (RF) and ZnS (RF) targets at room temperature in an argon atmosphere 

with a base pressure of ~10-7 Torr. The DC sputtering power of Cu and RF sputtering powers of Sn, 

ZnS targets were fixed at 95 W, 20 W and 150 W respectively, with a 30 mTorr working pressure. 

In the second step, the precursor films were sulphurized and crystallized in a two-zoned diffusion 

furnace and then the films were let being cooled naturally in the furnace. The sulphurization process 

was carried out by heating 0,5 g powder sulphur to 350 ÁC and the precursor film to 550 ÁC in 

different zones of the furnace. Both zones of the furnace reached to determined temperatures at the 

same time with slow heating and then the sulphurization process was made for four different samples 

at different periods of 10-15-20-25 minutes. The thicknesses of the precursor film and sulphurized 

films were determined as ~1,6 Õm and ~1,8 Õm, respectively by profilometer measurement. To find 

out the effect of sulphurization time on the properties of the films, the structural, electrical and optical 

properties of CZTS thin films were investigated. The crystal structure of CZTS thin film layers was 

identified by X-ray diffraction (XRD) technique and then the formation of the kesterite-CZTS was 

confirmed by Raman Spectroscopy. The surface morphology of the films were observed by Atomic 

Force Microscopy (AFM) and Scanning Electron Microscopy (SEM) analysis. Electrical properties 

of the films were also determined by Hall Effect measurement system. Optical properties of the CZTS 

films were measured using UV-Vis Spectroscopy and the band gap was obtained as ~1,4 eV by 

extrapolating the linear portion of the curve to the x-axis. In addition, diffused sodium concentrations 

into the CZTS absorber layer from SLG substrate were investigated by secondary ion mass 

spectroscopy (SIMS) depth profile measurement in detail. 
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There is a growing interest on technology of electromagnetic waves in terahertz frequency region 

(0.3-10 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]. In the desired regime, devices fabricated from Bi2Sr2CaCu2O8+ŭ  
(Bi2212) high-Tc superconductors are promising candidates for detection and emission purpose. 

While there is a high motivation to perform experiments in the THz frequency range, new sources, 

detectors and optical components are still needed.  Recently, there have been many improvements in 

the development of THz sources [2-3] and in the fabrication of THz detectors. Moreover, many 

efforts to develop tunable THz filters have been impeded. We investigated various experimental 

techniques to fabricate THz sources, bolometers and filters for efficient THz emission and detection. 

Rectangular mesa structures were fabricated on Bi2212 single crystal superconductors using standard 

e-beam lithography and Ar ion beam etching systems. An emitted power as high as 0.06 mW was 

detected from Bi2212 mesa structures. In addition to this, we have designed microbolometer chip 

fabricated from high temperature superconducting Bi2212 single crystals for the THz detection. 

Bi2212 single crystals were transferred on substrate in the thin film like form and electron beam 

lithography, ion beam etching techniques were used.  Bi2212 microchips were integrated and 

characterized using in our compact cryogenic bolometer system. The detection properties and 

sensitivity of microbolometer chips can be further improved by integrating an antenna and filter 

structures. Since, we have fabricated (THz) bandpass filters from titanium, copper and indium tin 

oxide thin films on fused silica substrates by UV lithography with an array of cross-shaped apertures. 

Design of the filter structures was created by CST microwave studio program. We were able to reveal 

the performance of these filters experimentally using both a THz time domain spectrometer and a 

Fourier transform infrared spectrometer (FTIR). 

*This research is partially supported by TUBITAK (Scientific and Technical Research Council of 
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InAs/GaSb Type-II superlattice (T2SL) photodetectors are promising for mid-wavelength infrared 

(MWIR) and long-wavelength infrared (LWIR) detection applications. Since they were first 

proposed by Sai- Halasz et al [1], T2SL detectors have been investigated by several groups. Despite 

the suppressed Auger recombination [2] and feasibility for high temperature operation [3], T2SL 

detectors have not showed their theoretically expected potentials yet. Performance of minority carrier 

devices are greatly associated with residual background carrier concentration. For this reason, carrier 

concentration in nonintentionally doped (nid) region affects the electrical and optical performance of 

T2SL p-i-n diodes; therefore, it is critical to know both the type and the level of carriers in i-region. 
It was previously reported that keeping GaSb thickness constant at 7 monolayers (ML) and 

increasing InAs thickness from 7 MLs to 13 MLs caused residual background type change from p-

type to n-type [4]. In this study, we investigated the influence of the interface thickness and variable 

InAs, GaSb layer thicknesses on residual background carrier concentration MWIR T2SL by using 

capacitance-voltage (C-V) measurements. Frequency and voltage dependent capacitance 

measurements were carried out at different temperatures and the results were discussed 

comparatively. We also investigated the activation energies of these T2SL structures using both 

temperature dependent C-V and current-voltage measurements. 
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The devices engineered for the utilization of the terahertz region of the electromagnetic spectrum 

(so called terahertz gap) are taking great interest. This is mainly because of the potential application 

in imaging, sensing and absorber in this region. Metamaterials which are artificially designed 

materials with the geometric scales smaller than the wavelength of incoming electromagnetic waves, 

can be used to utilize terahertz region. The geometry of metamaterials can be modified so that a 

specific electromagnetic response can be obtained at a certain frequency. These materials can be used 

for the sensing, imaging, absorber applications with different characteristics like polarization, 

multiband or wideband. 

In this work, a new multiband terahertz metamaterial absorber is developed and characterized by 

numerical simulation method. In addition, the utilization of the proposed absorber as a sensor is also 

investigated. According to the results the proposed multiband metamaterial absorber has the ability 

for the utilization of the terahertz region between 1.5 THz and 2 THz. Moreover, due to the four- 

folded symmetric characteristics of the design, mentioned absorber works independent from the 

polarization of the incoming electromagnetic wave. 
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        Terahertz (THz) frequency band has incomparable advantages involving a non-ionizing 

bio-innocuous property, transparent characteristics in cardboard or textiles, and highly 

selective absorption spectral lines that can serve as a ñgenetic codeò of various bio-materials 

[1]. These superiorities lead to various important potential applications, such as bio-medical 

imaging, chemistry, ultra-wideband wireless communications, and chemical sensors. On the 

other hand, the non-existence of high-performance THz devices prevents the construction of 

frequency-agile THz systems [2-3]. Metamaterial-based devices have been investigated in 

order to control the THz frequency signal. Specifically, for frequency-selective filters and 

modulators, metamaterials based on split ring resonators are frequently exploited. In this 

study, we develop narrow band THz band-pass filters based on metallic and superconducting 

metamaterials. Since Au, Cr and Cu have good attachment to the substrate, they were chosen 

as the metallic layer. Using high vacuum magnetron sputtering system we have grown these 

films. Terahertz resonant filters were lithographically fabricated from 150-300 nm metal 

films grown on 1 mm thick quartz substrates and YBa2Cu3Oy (YBCO) thin films. Preceding 

the fabrication process, we have measured the samples with a Bruker Vertex V80 FTIR 

spectrometer. After the transmission measurements we have observed center frequencies and 

bandwidths close to the design predictions. Ultimately, we have characterized the created 

structures by time-domain THz spectroscopy (THz-TDS) and CW-THz measurement 

systems. For the simulation studies of transmittance properties of filter structures (Fig. 1), 

we have used CST microwave studio and the obtained data is compared with experimental 

results. 
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Generally, a surface oxide layer has been known to have significant effect on the mechanical 

behaviors of metallic NWs [1]. In spite of its importance, the influence of oxidation on the 

mechanical properties of nanostructured metals is rarely explored and remains mysterious [2]. In 

particular, it still remains difficult to quantify the effect of the oxide independently on the tensile 

mechanical deformation behavior and on the properties of the Fe NWs [2]. For this reason, we 

investigate systematically the correlations and effects of oxide layer on the mechanical deformation 

performance of Fe NWs, calculate related properties with and without surface oxide defect, and 

furthermore discuss plastic yielding behavior and kinetics under a tensile loading. We use molecular 

dynamics (MD) simulation with proper treatment of dynamic charge transfer by using the ReaxFF 

potential, in where quantum-mechanical descriptions of chemical reactions are handled accurately 

[3]. Our results demonstrate that the unique features of oxide shell layers have direct effects on the 

elastic mechanical properties of the cylindrical metallic Fe NWs. Reduction in the elastic strength of 

the pure Fe NW, the Youngôs modulus, yield strain, yield strengths, maximum strength and strain of 

the Fe NWs, significantly sensitive to the oxide layer. Our MD simulations shows that the nucleation 

and propagation of twinning is the only major cause in the mechanical deformation mechanism for 

both pure and oxide Fe NWs in the plastically deformed region but twin nucleation is occurred in the 

low strain level for the oxide layers Fe NWs. The oxide defect shell layer may act as a productive 

source of dislocations, hence, reducing the onset of the plastic deformation. The oxide Fe NWs plastic 

deformation starts easily as compared to the pure Fe NW, and thus, comparatively a low flow stress 

is sufficient enough for all Fe NWs plastic deformations to continue in a ductile manner at remaining 

average constant stress levels beyond a maximum stress through twinning. The formation, growth 

and propagation of twins in the pure and oxide Fe NWs are qualitatively quite similar regardless of 

oxide: require the large initial maximum stress to nucleate the partial dislocation and follow by 

twinning migration with a lower stress. Our study will be practically helpful for understanding 

mechanochemical tensile deformation process and related properties of the Fe NWs as a function of 

oxide layer.  
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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]. Therefore, it 

makes easy the distinction of these chemicals from the other harmless substances by 

spectroscopic methods. 

THz imaging system are classified into 2 categories active imaging as an imaging and 

spectroscopy and passive imaging as incoherent (heterodyne) imaging. Active imaging further 

classified into 2 categories such as pulsed and continuous wave imaging. All objects emit thermal 

(black-body) radiation. Passive imagers work by detecting this radiation. Images are formed through 

contrasts between differences in material emissivity. For the active imaging, an external pulsed or 

continuous waves comes toward the object and coming waves scattered, reflected or transmitted from 

the object and then detected. In the CW THz imaging, mostly transmission imaging is used and only 

the intensity of the wave changes. 

Designed Continuous wave THz imaging system consist of Synthesizer and YIG Oscillator as a 

signal generator (<20 GHz), VDI WR1.5 AMC (Amplifier/Multiplier Chain), which completely 

covers 500-750 GHz frequency band, frequency counter, four off-axis 90o parabolic mirrors, room 

temperature detector ñGolay Cellò, and XY scanning stage. The beam diameter were determined by 

knif-edge method and we found it 1.7 mm. It is also compatible with the calculated value ñ1.66 mmò. 

THz imaging of metal blade, screw, metal holder of paper clip and a peace of plastic concealed 

behind the carton paper and wires in the corrugated paper were taken. For the future work, VO2 and 

ITO thin film characterizations will be done. 
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Terahertz (THz) waves have been studied in many different fields and technological 

improvements in nanotechnology and photonics expand the range of THz applications. Although 
THz technology is growing rapidly in many areas including biomedical imaging, explosive, 
hazardous substances identification and wireless communication, security applications are needed 
more than ever before. These applications require powerful sources and we have shown that intrinsic 
Josephson junctions of superconducting crystal could be used as powerful THz source [1,2]. On the 
other hand, fast, sensitive and room temperature operating detectors are also needed. Amorphous 
silicon and vanadium oxides have been widely used for infrared uncooled detector industry [3]. 
Vanadium is a transition metal that has several stable oxide phases. These stable oxide phases can 
exhibit most desired properties for bolometer applications such as high temperature coefficient of 
resistivity (TCR), low resistivity and low 1/f noise. Moreover low cost manufacturing and acceptable 
performance values make them perfect candidate for detector technologies. In this study, high 
resistivity silicon (HRSi) wafers were chosen as substrate due to their easy fabrication, low lost and 
high transmission characteristics at THz region. Vanadium oxide (VOx) thin films were sputtered by 
dc magnetron sputtering system at room temperature. Fabrication of these films with desired 
characteristics is very difficult hence their sputtering and post annealing conditions must be 
optimized carefully. Although optimized VOx films properties satisfy most of the bolometer 
requirements, high Johnson noise caused by resistive heating restrict their usage at THz region. It is 
shown that the resistance in amorphous vanadium oxide thin films could be reduced with metal 
doping such as gold [4] and hence it is a good candidate for IR detectors. In order to obtain optimum 
characteristics for THz bolometer applications, we doped our VOx thin films with different Au 
doping conditions and performed different post annealing process. Temperature dependence of 
resistance from 20 to 85 ÁC was measured using microprobe station for each film and related TCR 
values were calculated. E-beam lithography and chemical etch were used to obtain VOx:Au bridges 
for sensitive and fast detection properties. Detector characteristics such as response time, detectivity 
and noise equivalent power were investigated.    
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In this study, we present the growth of nanocrystals CuSbS2 produced via hot injection method 

and their thin films applications successfully prepared on glass substrates by spin coating techniques. 

The CuSbS2 nanocrystals were synthesized by hot-injection method. In-depth characterization has 

indicated that pure stoichiometric CuSbS2 nanocrystals with an average particle size mostly 

distributed between 15 and 20 nm have been formed. We have analyzed the optical transmission and 

reflection spectra of nanocrystal CuSbS2 thin film between 250-2000 nm wavelength range. Optical 

band gap has been determined by standard optical analysis and also several optical parameter such 

as refractive index, extinction coefficient nanocrystals CuSbS2 has been shown to be a potential 

application for sustainable thin-film solar cell devices. 

*This research is partially supported by the BAP office of Seluk University with the project 

number 16401044.   
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Now the increasing attention is paid to creation and studying of the material properties having 

nanometer structure. Anodic oxidation of valve metals(Al, Ti, Nb, Ta)is widely used for formation 

of nanostructured oxide films. As it is known, self-organization of nanoporous structures at 

electrochemical processing is revealed most brightly during formation of porous anodic oxides of 

aluminum and titanium. They are distinguished with high degree ofsequence in the arrangement of 

pores and the possibility to operate the variation of the surface morphology and thickness of the oxide 

film in the wide range.The anodic niobium oxide received in the fluoride-containing electrolytes, 

significantly differs from porous oxide of aluminum and titanium dioxide nanotubes. Under certain 

conditions of anodization, anodic oxide films (AOF) Nb2O5 are formed with the crystalline structure 

in the form of microcones . This circumstance causes common use of similar layers in the various 

devices and designs, for example, in electric capacitors and electrochromic devices , and also in thin-

film lithium ion battery and so forth. The researchersô views on the mechanism of nucleation and 

formation of crystalline structure of porous AOF niobium have inconsistent character. Therefore, it 

is noted that formation of crystalline phase takes place under the influence of the internal tension that 

arise with a growth of oxide thickness. It is supposed that formation of niobium oxide microcones 

has to be connected with nonuniform chemical dissolution of the anodic film during 

anodization.From our point of view, it is necessary to consider the chemical nature of niobium that 

belongs to d-type elements for understanding of the nucleation and growth of crystalline phase 

mechanism. After one electron has been released, it turns into an ion having unfinished d-levels as 

external. Thereof the formed ion tries to get a stable electronic configuration, especially with oxygen 

and other nonmetals. It is the existence of incomplete configurations of d-electrons which causes 

niobium to display a wide set of the valence states. The possibility of their existence is proved by 

thermodynamic calculations it is also shown that low oxides have to be on metal/high oxide 

boundary. The transition zone cannot be considered as a certain plane-parallel layer between metal 

and the high oxide. Local inhomogeneity on metal surface, the border of grains, dislocation, 

admixture atoms and other, structural and chemical defects are considered to be the centers of 

increased surface energy. At these centers oxygen diffusion into metal is simplified and the primary 

formation of the lowest valence oxides is possible exactly here.As it was shown  that films generated 

in potassium nitrate melt instead of being entire niobium pentoxide layer, as it was seemed to be, has 

occurred to be a çsandwichè of Nb2O5, NbO2 and NbO phases (in the direction from oxide surface 

to niobium. 
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Light management in thin-film photovoltaic devices can be realized by plasmonic interfaces. 

Self-organized fabrication is a very suitable strategy for production of large area plasmonic interface 

[1]. However, the typical surface coverage of plasmonic structures lies around 25-35% on interfaces 

produced by this technique. This is too high with respect to the ideal value of 10% for the optimum 

light management [2]. In this work new self-organized strategies for control of surface coverage at 

a level of 10% will be developed. As an example, Ag nanowires or nanoparticles synthesized as 

colloidal solutions will be applied to coat photovoltaic related materials in a controlled amount. 

After the coating step, plasmonic interfaces will be produced by thermal treatment of these materials 

or surfaces in a self-organized manner. After the production of targeted plasmonic interfaces, their 

light management properties will be characterized [3-4]. The characterization is performed using 

scanning electron microscopy (SEM), reflection and angle-resolved scattering spectral 

measurements.  
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The discovery of the Surface Enhanced Raman Scattering (SERS) effect is very important because 

Raman scattering cross section is very small and difficult to observe the signal. SERS is a powerful 

technique for analyzing the electromagnetic field enhancement and the vibrational properties [1]. It is 

possible to extract significant amount of molecular specific data from a small amount of sample with 

high surface selectivity is the factor that makes SERS valuable. The reason of the enhancement is the 

difference between the incident electromagnetic field and local field on the metal surface due to surface 

plasmons resulting from excitation of conduction electrons [2]. The structure of the substrate is critical 

to obtain strong SERS. In addition to the several adsorbed molecules on metal surfaces, liquid-solid 

samples such as colloidal suspensions of silver nanostructures are in the field of research interest in the 

quest for increasing the enhancement factor [3]. In this study, we have investigated SERS effect by 

adsorbing Crystal Violet (CV) and Brilliant Cresyl Blue (BCB) on irregular structures of Ag 

nanoparticles and Ag nanowires deposited on glass in comparison to reference samples. 
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The Pulse plasma treatment of surfaces is a process used to improve surface properties and corrosion 

resistance of the industrial tools. In this work, the influence of pulse plasma parameters to improve the 

performance of the AISI 4140 steel was presented. In this study, four different distances and three pulse 

numbers were used as the pulse plasma parameters. The molybdenum consumable electrode was used 

during the experiments. The treated samples were characterized by using optical micrograph, scanning 

electron microscopy (SEM), X-ray diffractometry (XRD) and micro-hardness tests. The micro-hardness 

values of modified surfaces are about four times higher than that of un-treated surfaces. Corrosion tests 

were performed to show the resistance of surfaces improved by using pulse plasma treatment. The 

mechanic and corrosion properties of samples were improved after pulse plasma treatment. 
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The Monte Carlo simulations and high temperatures series expansions are used to investigated the 

magnetic properties of ferromagnetic thin film and superlattices through Ising model. The reduced 

critical temperature of the ferromagnetic thin film and superlattices is studied as function of the thickness 

of each layers. The exchange interactions in each layer and within the interface and the crystal field in 

the unit cell have been studied. The coercive field and magnetization remnant are obtained for different 

values of exchange interaction, with different values of temperature and crystal field for a fixed value 

physical parameters.  
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Iodine-doped Zinc oxide nanorods (ZnO:I) at different percentage (5-20%) were deposited on p-Si 

and glass substrates using an a hydrothermal method. The effect of Iodine element content on the 

morphological, structural, optical and electrical properties of ZnO:I films was investigated by scanning 

electron microscopy, X-ray diffraction and UV-Visible spectroscopy. The doping with iodine resulted 

in a slight decrease in the optical band gap energy of the films. The junction properties of the diode were 

evaluated by measuring the currentïvoltage characteristics. The I-V characteristics  showed rectification 

behavior with a rectification ratio dependent on the applied voltage and the Iodine doping rate. ZnO/p-

Si heterojunction diodes exhibited non ideal behavior with an ideality factor higher than unity. The 

barrier height for undoped and Iodine-doped ZnO/p-Si diodes was in the range 0.64-0.76 eV. By means 

of the Impedance spectroscopy analysis, we investigated the frequency relaxation phenomenon and the 

equivalent circuit of such a structure. Finally, the effect of the iodine doping rate on the spectral response 

was studied.  
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