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®The Center for Solar Energy Research and Appl
06800, Ankara, Turkey

®Mi cro and Nanotechnology Program, Orta Doj u

‘Department of Physics, Orta Doju Teknik !

‘Depart ment of Metallurgical and Materials Engi
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bek@metu.edu.tr

Plasmonic interfaces are highly effective in light management for solar cellslolapapproaches produce
well-ordered and carefully designed plasmonic structures for tailor made light management; however, th
are costly and their fabrication is time soming. Thus, their utilization for industrial scale solar cells are
not trivial. It has been shown that dewetting is a cost and time effective baptcepproach for the
fabrication of plasmonic interfaces, yet it lacks precise control of the surfaceagevier optimum light
management [1]. Therefore, new strategies are actively sought. In this work, spray coating technique is u
to deposit plasmonic interfaces with polyol synthesized silver bipyramidal nanocubes [2] onto industri:
scale monocrystatie silicon (Si) solar cells. Through a systematic study, effect of surface coverage on ce
performance is investigated as it is essential to utilize the interface htamtblled amounts for optimal
light management. A relative increase in photovoltaisversion efficiency of 3.5 to 6.4% upon creation of
plasmonic interfaces is obtained [Bljundi ng from T} BKTAK under pr oj e
acknowledged.

Keywords:Solar cells, Plasmonics, Silver Nanoparticles, Spray Coating
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Memristiv effect on W/Ti/p -Si structure: Aging phenomena and one of the origin of
barrier inhomogeneity

Hasan Efeoglu

Department of Electrical&Electronics Engineering, Faculty of Engineering
Centre for Research and Application of Nanoscience and Nanoengineering
AtaturkUniversity, Erzurum, 25240, Turkey

Memristor as claimed to be fourth two terminal passive devices in electronics. Experimental realizatic
memristor by HP research group is getting much more attention due to its potential applications. Howev
in reality this device with its unique properties always exist in MOS, MIS or even MS junctions. But its
visibility has a dependence to oxide or interface thickness with mobile ions. As reported in this stud
currentvoltage (FV) relation of W/Ti/pSi continuouslymodified by the forward bias current. Departure
form linear relation between Infy commonly analyzed with barrier inhomogeneity assumption. The
appearance of barrier inhomogeneity for MS junction reported to be one of the reasonsideahtn{l)}-V
relation. Investigation in this study shows that total charge Q(t) controlled by voltage sweep rate effecti
forward In(1)}-V relation. If this situation exists, calculated barrier heights and ideality factors are not true
and a pure barrier inhomogeneitgpaoximation may not be applicable. However, under the reverse bias
conditi on, the total charge during entire -Weas
relation as observed. The one of the solution is the use Misdmderick method fofinding Schottky
diode parameters or creating current stress over MS junction which saturates mobile ion drift. Voltage swe
rate during {V measurement and hence total charge, affecting current transport and in parallel appearance
hysteresis loop wicate interface layer which behave as a memristor.

Keywords: Memristor; Schottky Barrier,; inhomogeneity
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Ege University, Solar Energy Institute, 35100 Borntrair, Turkey

suleerten@yahoo.coraule.erten@ege.edu.tr

Organic photovoltaic technology haweceived substantial attention in the field of solar energy. In addition
to their relatively stable performance and lower weight, flexibility, manufacturing cost, organic solar cel
technology is a perfect candidate to replace silicon solar cells ireflit3]. Dye sensitized solar cell, also
known as the Graetzel Cel I , was originally i n\
Michael Graetzel has been awarded the 2010 Millennium Technology Prize for this invAntiygical
DSSC device ia sandwich geometry in between two transparent electrodes. DSSC comprises a coun
electrode covered with a thin layer of platinum, an electrolyte containing an iodide/triiodide redox mediato
a working electrode including a wide band gap metal oxide, Tiated over a transparent conducting
substrate. In dye sensitized solar cells, the photon incident on the dye excites the dye molecules. An exc
dye molecule, electron will be released into the conduction band of the titania or any other metaloxi
saniconductor material. Then, the electron flow through the porous fili®to the transparent conductive
oxide, then move through an external circuit and reach the counter electrode. The oxidized dye molecL
regenerated when the dye receives electroms fa redox mediator. In organic solar cells, donor and
acceptor organic materials are used for better electron transport in the devices. Perovskite solar cell is a |
efficient solar cell technology.

In this work, last studies in our group will be suammed. Material is the most important component in
these device studies. Fullerene materials, boradiazaindacenes are studied in dye sensitized solar ¢
organic solar cells and perovskite heterojunction solar cells. Fullerene derivatives were usetras e
acceptor materials. PCBM (phef@o butyric acid metyl ester) has always advantages of good solubility in
organic solvents and higher electron mobility and also high oveall conversion efficiency in organic sol:
cells. Therefore, it is very imptant to design and synthesis of novel PCBM materials to break the PCBM
efficiency record. In this study, novel synthesized materials for DSSC and novel synthesized fullerel
materials for organic solar cells and perovskite solar cells will be discusseel. dévelopments in all type
organic photovoltaics will be presented.

References
1. Graetzel MPhotoelectrochemical cellslature.Vol 414, 338, 2001.
2. Sule ErterEla, Haiwei Chen, Andreas Kratzer, Andreas Hirsch and Christoph J. Brabec
, Perovskite solar cells fabricated using dicarboxylic fullerene derivatNew J. Chem40, 28292834,
2016.
3. Sule Erten Ela et al., Synthesis and dye sensitized solar cell applications of Bodipy derivatives
with bis-dimethylfluorenyl amine donor group®ew Journal of Chemistry (RSC) 39, 4086, 2015.
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Dr . Maria Luisa Grill:i graduated in Physics at
her PhD in Materials Engineering at Uni versit.)
months fellowship at the Laser Zentrum Hannover (Germamythe frame of the Human Capital

Mobil ity Networ k, Project AHIigh Quality Thin F

national fellowships and post doc grants. Dr Grilli worked from 1997 to 2005 at the Department of
Chemical Scienceanddeh nol ogy of University of Rome ATor
characterization of electrochemical @O, NOx and HCs gas sensors. She was assistant professor of
Material Technology and Applied Chemistry from 2000 to 2005. Since 2009 she has been working
permanently at ENEA Casaccia Research Centre. Main research topics are design, fabrication by PV
tedhniques and characterization of interferential coatings for laser and space applications, R&D of
coatings for thin film solar cells and optoelectronic devices, R&D of nanostructured materials and
metamaterials. Actually, she is involved in a national ptejdor the development of graphene and
graphene oxiddased membranes for @@apture. She is the coordinator of the H@lyina Great

Rel evance Project AOn demand refractive index
COST ActionforSotwitiionsl raw materials under (
responsible of the project MONAMI X, f@ANew conc
oxides from monazite concentrates and their potential use as t dapan hightemperature
coatings and sintered material so. She i
the peer reviewer board of: Journal of Alloys and Compounds, Thin Solid Films, Physica Status Solidi, J
of Am. CeramSoc., Appl. Optics, Mater. Sci.& Eng. B, Solar Energy, Nanotechnology, IEEE Trans. on
Nanotechnology, Mat. Sci. Sem. Proc., Semiconductor Science and Technology, Coatings. She is C«
organizer and Member of the Scientific Committee of several Internattorderences. She is coauthor

of more than 100 papers in peer reviewed international journals and conference proceedings. Citatior
975, H index 17 (according to Scopus).
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Characteristics of radio frequency sputtered ITO and Infree transparent conductors
Maria Luisa Grilli

marialuisa.grilli@enea.it

ITO is a unique material with optical and electrical characteristics that at present make it the material
choice in many applications: displays, touch screens, solar cells and optoelectronic devices. However du
high cost of In, its main constituesgveral efforts have been devoted to find suitable ITO substitutes.

In this work we survey our studies on the optical and electrical performances of ITOfagel tiransparent
conductors fabricated by radio frequency sputtering. Characteristics ofinalandoped zinc oxide (AZO)

and metalxide multilayers such as AZO/Ag/AZO and TBiDI/TiO, will be analyzed. Properties of
ultrathin Ni films as possible substitutes for UV and NIR applications will be described.

Moreover the characteristics of highlyrauctive ptype NiO films will be presented for potential
application in the so called Ainvisibleo (trans
n and ptype wide band gap semiconductors.
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Professor 2009
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Professor 2014
Professor Physics Yildiz Technical University 2014-

Academic Titles:

Asistant Professor : 15.02.2007
Associative Professor : 23.01.2009
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Msc and PhD Thesis as a Supervisor
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Emel CEVIK , "Bulk Heterojunction Organic Solar Cells Using Thiophene and Anthracene Containing Conjugated
Polymers", 2010
Derya ILICALI, "Bulk Heterojunction Based Inverted Type Solar Cells", 2010
Ismail KARATAS, "Effect of Chemical Additives on the Performance of Organic Solar Cells Containing Polythiophenes",

2010

G¢l ay GUNDAY, AOrganic Photovoltaic Cells Fabricated from |
Adem KARSLI, ADetermination of the Optimum Working Conditi
Polythiophene and Full erened, 2011

Nurs el YAVUZ, AfUsage of Cadmium Sulphide (CdS) Thin Films in
Mel tem AKCAY, #dAlnvestigati on o)fandtZimeeOxigef(Zn®)cCompact LayErs Pregparedu m OX i |
Using Sol-Gel Method on the Performance ofInvert ed Type Photovoltaic Cellso, 2013

Aren YAZMACI YAN, AfFabrication of Tandem Sol ar Cell s Using

PhD Thesis
Sinem BOZAR, fiUse of Semiconducting Thin Films as EI ect
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ORGANIC/HYBRID SOLAR CELLS: WHAT HOLDS FOR THE FUTURE?
Serap G| NES

Yildiz Technical University, Faculty of Arts and Science, Department of Physics, Davutpasa Campus,
34210, Esenler/ISTANBUL/TURKEY

The discovery of the use of solar cells for the purpose of generating energy has led the fast developmer
solar cell research and technolo@olar cells have been first produced in 1950s by using inorganic
semiconducting materials. They were initiaflyaluated in space applications due to high production costs.
Until recently, we come across 3 types of solar cells: First generation silicon solar cells, Second generat
amorphous silicon and thin film solar cells and third generation solar cells imhlode novel technologies
such as organic, hybrid and perovskite solar cells. Although today, the solar cells can be fabricated chec
using different materials and methods, the production cost of the first generation solar cells is still high f
an eficient use for the household purposes and the costs need to be still decreased. Despite the low cos
the second generation solar cells, CdS and CdTe inorganic semiconductors contain cadmium (Cd) whicl
toxic and due to lower efficiency as comparedfitst generation solar cells they remain as laboratory
resarch rather than application. Third generation solar cells have been investigated in the last 15 years
became very interesting. The invention of the semiconductivity and conductivity in pelyvheeh have
been known as insulators in the electronic industry by Alan Heeger, Alan Mc Diarmid and Hideki Shrikaw
and their Nobel prize in 2000 increased the use of organic materials in electronic industry. They have |
only been used in solar cellstalso in field effect transistors (FETS), light emitting diodes (LED)s and also
led to the development of a new field called organic electronics.

In this talk, organic and hybrid solar cells as third generation solar cells will be introduced. Motivatiot
behind research in this new era and its past, today and future will be discussed. The answer of what hold:
the future will be addressed.
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THE COMPARATI VE STUDY ON HAREAMEEERRI|I @R LA
AND HYBRI D STRUCTURE BASED ON ORGANI (

O. Haji Mahmood 2" A. Gencer Imer®, A. Korkut °

®Department of Physics, Collage of Education, Salahaddin Univefsitiy, Kurdistan Region Iraq
PFaculty of Science, Department of Physlészuncu Yil University,Van, 65080, Turkey

othmanhajil990@gmail.congencerimerarife @gmail.com

The electrical characteristics of thgbrid structure based on organic matehale gain great of interest
owing to their possible usade optoelectronic applications [1,2]. The quality and the performance of the
metatsemiconductor device can be improved, and controlled by insertinggaeio interfacial layer at the
interface [3].In this study,Ag/nSi contact and the hybrid structure based on organic interlayer were
fabricated using the brilliant blue dye via spin coating method. The electrical parameters of both devic
have been imestigated, and compared using the curuetiage (I-V) and capacitaneeoltage (C-V)
measurements at room temperature. The ideality factor of devices with and without organic interfacial lay
was calculated as 1.63 and 1.61, respectively. The magnitumereer height was determined as 0.63 and
0.65 eV for the MS and MIS type structure, respectively. Additionally, the value of series resistance for bo
diodes was obtained using Cheung and Norde functions. The barrier height was also examined@iéing the
V characteristics for both diodes, and compared with results obtainedi{fvboata. The experimental
results confirmed that the barrier height of hybrid structure is considerably affected by the interfacial orgar
layer.

Keywords:Organicinterface, barrier height, series resitance
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Dr. Mahmut Kus is a chemist gradueted from Selcuk University Department of Chemistry in 1998.
He got his MSc degree in 2001 from Mugla University, Institute of Science, and PhD degree in
2006 from Ege University, Solar Energy Institute. He has worked in Plataforma Solar de Almeria
(Spain) on pilot plant application of mesoporous and planar TiO2 films for photocatalysis during his
PhD (2006). After PhD, He has worked on organic photovoltaics at Linz Institute of Organic Solar
Cells, Johannes Kepler University Linz in 2008 as pos-doc researcher. He has been at Selcuk
University between 2008-2018 as academic staff. He is still Prof. at Gebze Technical University,
Institute of Energy Technologies. His research activities are; synthesis of organic and inorganic
semiconductors their application in organic and hybrid electronics. He has experience in synthesis
of organic semiconductors, quantum dots and crystalline semiconductor fibres. His research topics
are perovskite solar cells, organic and hybrid light emitting diodes, organic field effect transistors.
He has more than 60 papers and 100 national and international scientific conference
presentations.
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Enhanced Efficiency, Reproducibility and Long Term Stability of Perovskite Solar
Cells

Mahmut Kuk
Gebze Technical University, Institute of Energy Technologies, Gebze, Kocaeli, Turkey

Perovskite solar cells (PSCs) are one of the most attractive class of photovoltaic (PV) technologies and h
been gaining great attention due to their high efficiency and low cost. However, reproducibility and lon
term stability problems prevent themhle strongest alternative for silicon PVs. Improvement of interfacial
parameters based on some simple techniques such-assaifibly monolayer (SAM) enhances the stability
and efficiency of PSCs. On the other hand, similar effects are observed by uswnegl &ibrelike scaffold

layer in PSCs.

Some simple SAM molecules such as boronic acid derivatives are very effective surface modification age
for both inverted and normal structure of PSCs. SAM molecules plays important role for tuning the wor
function of applied surface and wetting parameter of perovskite solution as well. On the other hand, a no
fibre like scaffold layer shows considerable improvement in reproducibility, stability and efficiency of PSC:
due to itsod6 nat ur eisobderved tode aaumd Yo30 ascprdirg oerefeeence PSCs by
using fibre like scaffold layer. All observed results encourage researchers to large area fabrication of PSC

References:
1- Kara, D.A et al. ACS Applied Mat. Int, 2018 (in press)
2- Kirbiyik C. etall, Appl. Surf. Sci. 2017, 52%27.
3- Yenel E. PhD Thesis, Selcuk University, 2018
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City University of New York, USA

The bulk of Raymond Tung's research career was spent at Bell Laboratories, duringmdich had the
following accomplishments: Demonstrated the control of growth orientation of heteroepitaxial metal
semiconductor systems; discovered a correlation of the Schottky barrier height with the atomic structure
epitaxial metalsemiconductor imrfaces; elucidated transport mechanism at multilayered, epitaxial, hot
electron devices (metdlased transistor); theoretically developed and experimentally verified a carrier
transport theory for inhomogeneous Schottky barriers; resolved various raétailiand junction issues
facing deep sumicron silicon devices; invented oxieediated epitaxy: a manufacturable epitaxial silicide
technology; developed a bopdlarization theory that explains the Fermi level pinning phenomenon at
polycrystalline intefaces; and conceived a chamensity theory on the formation of semiconductor
heterojunction band offset.
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Effect of lonic Screening on Band Offset of Perovskite Oxide Interface
Raymond T. Tung*

Dept. of Physics, Brooklyn ColleggUNY, Brooklyn, NY 11210; and Physics Ph.D. Program, Graduate
Center, CUNYNewYork,NY 10016

The distribution of charge density and the accompanied formation of band offset (BO) at a large number
interfaces between latticeatched perovskite oxides are studied in detail with the density functional theory
(DFT) and hybrid functionals. lonic s@eing is found to dominate the formation of BO, as a sharp
dependence of BO on atomic structure for unrelaxed interfaces is essentially washed out when lattice
allowed to relax. Numerical experimenting with deliberately embedded dipolar layers in dvolkskite
oxides and at their interfaces further corroborates the effectiveness of ionic screening and its decisive role
BO formation. Analysis of the requirement that electric field vanishes at all positions of ion cores at
relaxed oxide interface agls to a successful explanation of the calculated BO by neutral polyhedra theor
(NPT) . For some heterovalent interfaces, snmrll
molecules. The success of NPT for interface types ranging fronrélert ionic bonds to the directional,
covalent bonds previously for zinc blende semiconductors likely originates from thénbeldictrostatie
energyminimizing property of neutral polyhedra. As this factor governs the formation of charge distributior
in general, NPT is expected to accurately describe the band offset of all material interfaces, in the absenc
significant charge transfer. It is well known that the BOs experimentally measured for isovaler
semiconductor heterojunctions are usually isgere to the structure/orientation of the interface and they
frequently display nt flikebehaviorioMBD prgnipted r&eacchers anphp past &n
propose empirical model s, such as tnhB®doematiora $he d
present work shows that the apparently Hikk behavior of BO has a simple and scientific explanation:
because the interface charge distribution is required to minimize the total energy.

*Work done in collaboration with L. KronikVeizmann Inst. Sci., Rehovoth 76100, Israel
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Was born in 1964 in Erzurum.

Graduated from the Department of Physics at Ataturk University in 1985.

Started as Research Associatthatsame department in1986.

Got an MSc degree in Solid State Physics at Ataturk University in 1987.

Got his PhD from University of Manchester Institute of Science and Technology from 1988 to 1993 on
Reverse Contrast Centers in GaAs Materials and devities 8blid State Electronics division of Electrical
Engineering and Electronics.

Postdoctoral studies on positron annihilation in semiconductors at Center of Atomic EDefy$acley,

Paris in 1996.

Has been as Fulbright professor at Wake Forest Uniyédsirth CarolinaUSA researching on Oxide
Semiconductor2000/2001.

Has been in the administration as vice dean, dean and vice rector at Ataturk University, director of techno
park, secretary general of Eurasian Silk Road Universities Consortium.

Hasbea t he Chief Editor of ATurkish Journal of PF

of Research and Reviews in Physicso
Apart from his main area of science, interested in Philosophy of Physics, Cosmology and Physics Educati
Apartfromtre aut hor of several translated books, he |

Codes of the Universeo with Cambridge Schol ars
About 20 national and international projects and around 20 MSc and PhDs supervised
Presently professor of physics at Atat¢ ¢rk Unive
citations with an Hndex of 20.

Married and has two children.
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Gasochromic Thin Film Oxides

¥mer ¢OBAN baanhdat t i n* T! ZEMEN

Departmenb f Physi cs, Faculty of Science, At at

A novel gasochromism phenomenon is descried using thin films of the ZnO, NiO andoXide
semiconductors under hydrogen exposition, exhibiting rather advantageous properties than previously u
fiber optic coating. The oxides were fabricated on glass substrates by RF Magnetron Sputtering technig
Structural and optical characterizaitsof the semiconductors were completed with XRD, Raman, SEM and
optical absorption measurements. To investigate the optical response of these semiconductors to hydrc
gas, an optical gas sensor test system was prepared and programmed during theusituglieearged
coupled device (CCD) signal processing. A ném@r metal sensitizing of Pd and Pt up to 340% on the thin
film surfaces of the various oxide samples of ZnO, NiO andsWide also been observed in the range of
450 nm850 nm wave lengths, cexing the VISIR range. Overall optical response is rather amphoteric for
n and ptype materials, having correlation with the resistivity responses. Present applications of the obtain
devices on the hydrogen sensing up to low concentrations of 200wpfimrelatively low response times
around 70 s and that of recovery around 200 s, even at the room temperature execution. It is predicted
this extraordinary situation can also be used for various other applications such as smart windows and s
techhology, especially in air and oxygen exposure.
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Received her BSc and MSc degree from Dokuz Eylul University, Izmir in 1995 and 1998, respeSheely.
has been awarded with NATO A2 scholarship, completed some part of her PhD thesis in Prof. Dr. C
Foote Laboratories in University of California at Los Angeles, CA, USA (ZI@R) and obtained her
Ph.D. degree in 2003. She held postdoctoral resesrnchimperial Collage London, Electronic Materials
Section, UK and University of Patras, Engineering Science Department, Patras, Greece. She acts as
group leader since 2005 and as a Professor at Izmir Institute of Technology, Department of Plwatenics s
2016.

Research interests comprise: New materials for light absorption, emission and amplification; DSSCs; OP\
OLEDSs; Photophysical studies of organic semiconductors; Heterogeneous photocatalysis and adsorption
water purification. She acted aspsuvisor in more than 15 graduate theses. She took part as inventor in :
international patents, has more than 50 scientific papers and gave many talks in scientific meetings.
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Summary of Our Efforts on Imitating Visible Part of Solar Spectrum; Materials
Perspective for All Solution Processed WOLEDs

Canan VARLIKLI

Energy heads the top ten problems of todayds
potential to minimize the influence of others, i.e. water, fajironment, poverty, terrorism, disease,
education, democracy, population [1]. Lighting is an integral part of human daily lives and indispensable f
the modern society. It is accepted by the authorities that 20% of worldwide electricity production i
consumed by lighting [2]. White light producing Organic Light Emitting Devices (WOLED) have the
potential replacing the existing lighting technologies (incandescent lamps, fluorescent lamps, LEDSs, etc
Their trace amount of material requirements, no mgrcantent, driving currents of a few mAs, flexibility
potential in architectural design and applications, etc. make them attractive candidates for energy effici
lighting devices.

This talk wild@ i ntroduce our eytd imitate visibte part winsdla r s
spectrum and our steps followed to obtain white light from solution processes WOLEDs. We have reach
36.2 Im/W @30 mA with CRI value of 74 and CIE coordinates of 0.38, 0.41 with the active area o
30mmx70mm by using comercially available materials but by using these materials we could not
overcome the efficiency rebff problems. In order to obtain meaningful WOLED performances, blue
component is essential and most of the times introduced as the main reason of gtabiéms. Therefore,

this talk will focus on our research results on enhancing the durability of solution processed WOLEDSs;
reducing/increasing the energy barrier between the electrode and emission zone and ii) increasing the ch
balance/charge cembination in emission layer. The content will introduce, mostly the unpublished/not yet
published results obtained in graduate thesks bfk er ¥ner , Gamze Saygel e, t
Y e randHakan Bozkurt

[1] Smalley, R. E. Mater. Magts 2005, 30, 41217.
[2]U.S. Department of Energy (Energy Efficiency and Renewable Energy), Solid State Lighting Researt
and Development: Multi Year Program Plan, Washington D.C. USA, 2011.
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PostRmesent ati on
Lignin and COD removal from Olive Wastewater by using Catalysis Systems and
ultrasonic systems

Ul ur Iu Wes$ rhakkKe | e'mjnldu ,VaN z o’ ul | ar A. K

1
, Department of Chemistti(b acul ty of Science, Mugl a Sétkeé K
Vocational School of Healthcare, Med Lab Progr

Corresponding authormnazlican@hotmail.com

The sonochemical system, coupled with the use of the catalyst, is capable of oxidizing the drug a
converting it to harmless or less harmful products for microorganisms [1]. Sono chemical reactions res
from highintensity sound radiation from liquid$ frequencies producing cavitation (normally in the range
of 1000- 20 KHz) (Fig.1). Therefore, cavitation as an ultrasound energy concentrator is introduced into tt
micro reactor, which acts simultaneously with the simultaneous release of reactivés redeay server
reactor as a hot spot. Ultrasound waves increase chemical and physical changes in a fluid environm
through production and, consequently, the degradation of cavitation bifhbles

The present work, by using the sonocatal
oxidation method which is one of th
/(\c_('o" advanced oxidation techniques and not

widely used; TIQ/AC, V,0O¢TiOJ/AC,
WO3/TIO,J/AC, V,05/W,05/TiO/AC
) nanoparticles. The particulate mat
jprCme obtained were investigated in differe
parameters such as; suspension pH, ystti
type, sonic strength and initial concentrati
for removal of Lignin and COD.

Ultrasonic

Light 8 ‘0:+H:0
Fig 1: Sonocatalytic decomposition of orgai
pollutants in V205 / TiO2 / AC unde
ultrasonic effect

As a result of all experiments, lignin and Chemical Oxygen Denf@dD) concentration changes in
the waters were analysed according to standard wastewater analysis methods. As a result of the work,
best removal was achieved with WDOO,/AC. When the effects of the same catalysts on lignin elimination
were examinedit was found that about 60%, whereas the COD removal yielded a lover yield (30 %). Ir
addition, when the effect of the reaction time on lignin and COD removal was examined, it was observ
that optimum 60 minute may be sufficient.
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PostRmesent ati on
The investigation of current conduction mechanisms in Cu/CuOAtype Si Structures as
temperature dependence

¥ mer Fhakikal KafliiEiderha?, Hasan? EA6dul me'ci k¢ Rpe2zKar a

'Gaziantep University, Faculty of Engineering, Department of Engineering Physics, 27310 Gaziantep,

Turkey
“Bingol University, Vocational High School of Technical Scierbepartment of Electricity and
Energy 12000 Bing®°l, Turkey
At at¢rk University, Faculty of Engineering,

TR-25240 Erzurum, Turkey
“|stanbul Medeniyet University, Faculty of Engineering and Natural Segriengineering Physics
Department, TR84700, Istanbul, Turkey
®Kahramanmarak S¢t-¢ I mam University, Faculty o
Kahramanmaras, Turkey

The current conduction mechanisrog Cu/CuOh-Si Schottky structure havbeen investigated in the
temperature range 50 K to 310 K using cuiirealtage (i V) characteristics. The behavior of nkT/q vs kT/q
plot for moderate voltage region indicated that a combination of thermionic field emission and fiel
emission mechanismdyét is the tunneling mechanism, may be dominant especially at low temperatures. |
order to explain such unexpect adsnp glisgekiTand Ho¥) t h
vs g/2KT plots were drawn to obtain an evidence of a Gaussiaibulistin of the barrier heights and all of
them revealed two linear regions for both low voltage regions and moderate voltage regions. This rest
showed that in presence of inhomogeneity at metal semiconductor (MS) interface. Thus, the values of
meanbarrier height have been verified with the modified Jfiff) 12G%/2k*T? versus (KT} plot which
belongs the different temperature regions.
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PostRmresentati on
Hydrothermal process of \LO5 nanostructures with different morphologies and their
structural and optical properties
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In this study, two types of morphologies 0Q®% nanostructures including nanorods and nanoplates were
deposited on glass substrates by hydrothermal method &C1#80 the deposition time of 4 h. NMOs as
vanadium source and oxalic acid, nitric acid as pH adjusters were used. The structural, mogbholog
compositional and optical properties of the nanostructures were characterizedalyydKfractometer
(XRD), scanning electron microscope (SEM), energy dispersivayXanalysis (EDAX) and UWisible
spectrometer, respectively. The XRD studies intdidathat the nanostructures had polycrystalline nature
with monoclinic phase of 30s without any impurity phases. XRD and SEM studies revealed that the
structural and morphological properties of the nanostructures depended on the types of the acighHsing ac
adjuster. The band gap values of the nanostructures were calculated to be 2.66 eV and 2.59 eV dependir
the morphology.

Keywords: V,0s, Hydrothermal Method, Morphologgontrolling, pH.
Acknowledgements:This study was supported by TUBITAK wifroject No: 216M387.
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Karademir!, Ay t u‘hSelimAcae k

'Department of Electrical and Electronic Engineering, Engineering Facllty,zi ncan Bi nal i
University, TURKEY
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V,0s nanostructures were successfully deposited on glass substrates by hydrothermal meth8@ &ir180
the deposition times of 4, 6, 8, 10The effect of deposition time on the structural, morphological as& H
gas sensing propertiesthe nanostructures were investigated by XRD, SEM and gas measurement syster
respectively. The XRD and SEBtudiesindicated that the nanostructures had polycrystalline nature with
monoclinic phase of ¥0s andthe structural and morphological propertigfsthe nanostructures depended on
the deposition timeH,S gas sensing measurements were carried out as a funictemperature and gas
concentrations. The sensors exhibited high responses towards 50,8pgasiconcentration at operating
temperature ofl45 A C . I n addition, the sensors showed a
operating t e@iftwasaeenuthatethe gas sebsihg phoperties of the nanostructure deposited f
6 h deposition time were better than others.

Keywords: V,0s, Gas SensoHydrothermal Method, Deposition Time
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The current-voltage (I-V) characteristics of Ag/graphene doped poly(vinyl alcohol)/p
Si structures

ko kKar atHat i | 2¥zer | i

'Kahramanmarak S¢t-¢ I mam University, Faculty
Kahramanmaras, Turkey
“Department of Materials Science and Engineering, Kahramanmaras Sutcu Imam University,
Kahramanmarak, Turkey

The series resistance and barrier height values of Ag/Graphene doped poly viny alcolhol {HiVA)/p
Schottky structure were investigated by curreritage (-V) measurements using (
functions at room temperature (300 K). The mpamameters such as ideality factony, (barrier heights
(Upo), Series resistanceRd}, and the density of interface statdkgd have been investigated using curient
voltage measurements in dark conditions at room temperature. The main parametersatriér &eight,
ideality factor and series resistance of the Ag/Grapfams/p-Si Schottky structure have been also
determined using Cheungés and Nor de Ngeas ehfundisn.of | n
energy distributionEssEy) was extracted from the forwatdas currentvoltage measurements by taking
into account the bias dependence of the effective barrier height and series resistance.

Keywords:Barrier heights Series resistance, Ideality factor
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The Effect of RF Powerand Sputtering Background Pressureon Structural Properties
of a:Si
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Amorphous Sia:Si) is important substrate for electronic devices and solar applications. Also, a:Si is use
for production of thin film polySi solar cell substrates due to the control of grain size and doping density
and, low cost. Thus, optimum deposition conditionsst be defined. In this studye investigated the effect

of RF power, background pressure and annealing temperature on sputtered a:Si thin films. Atomic Fo
Microscopy (AFM), Scanning Electron Microscopy (SEM) aneRXy Diffraction (XRD) were used to
characterization of a:Si thin films. Thin a:Si filnmorphologycharacterized by the Root Mean Square
(RMS) obtained from the AFM. Also, SEM and XRD was used to determine the effect of annealin
temperature to crystallinity of films. RMS values changethenrange of 1.069A to 6.435A with the RF
power (15 to 40W) and background pressure (2.5 to 15mTorr ).
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STRUCTURAL AND OPTIC AL PROPERTIES OF
Cu,NiSn(SeS), THIN FILM
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In this study, synthesis of nanostructured powders oN@n(SeS) nanocrystals was carried out by the
hotinjection method. CiNiSn(SeS) nanocrystals were structurally analyzed by XRD, Raman, TEM and
EDS techniques. Then, higluality CuNiSn(SeS)t hi n yl m was prepared by ¢
Corning 1737 glass substrate, and the optical properties of thin film have been itegstigeng a
spectrophotometric measurement of reflectance and transmittance in the wavelength range from 250 to 1
nm. Optical constants such as the extinction index (k) and the refractive index (n) of the film wer
determined by measurements of trantmite and reflectance in the same spectral range. Also, the optical
energy gap of GINiSn(SeS)t hin yIl m was found to be 1.55 eV.

Keywords:Cu;NiSn(SeS) nanocrystals, thin film, optical properties
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In this study, Au/perylendiimide (PDI)/nGe Schottky diode was fabricated and the cusveltage
characteristics of diode were investigated at a wide temperature range. The-wltagat (-V)
measurements showed a good rectifying behavior at all temperature values. Detailed analysis on
electrical properties of the prepared diode was performed by using the standard thermionic emission (
model [1]. The ideality factor (n) and barrieeight € g) values of diode were calculated for all temperature
values. However, the series resistance) (( diode was determined by using the Cheung and Cheung
method [2].

Keywords:Metalsemiconductor contact, peryledémide, rGe, currertvoltagecharacteristics
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Effect of absorber thickness layer on photovoltaic performances of

CH3NH3Pbl; perovskite solar cell
I. Missoum®”, M. Halimi* and M. Aouaichia?
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2. Materials Technology Department, Faculty of Physics, University of Science and Technology of
Oran, Mohamed Boudiaf USTRB, PO Box 1505 EI Mnaouer, Oran, 31080geria

In this work, we use numerical modeling as a tool to improve the performances of CH3NH3PbI3
perovskite solar cell. Several parameters were taken into account. In particular, the influence o
CH3NH3PDbI3 thickness layers has been investigated. It was natiaedhe CH3NH3PbI3 perovskite
solar cell presented the best performances for special values of the thickness (T). The optimized valu
were found to be 0.55 Om for CH3NH3PbI3 absort
conversion efficieay ( Q) . Il ndeed, it was found to be 18
mA/cm2 and fill factor of 22.77 %).

Keywords: CH3NH3zPbk solar cell, thickness, absorber layer, efficiency.
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Electrical and optical properties of thelTO/p-Si Contacts
Produced by thermal evaporation
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We have produced the ITO& contacts by thermal evaporation. Th8ipvas a single crystal with (1 0 0)
orientation and had a resistivity of1® Wem. Firstly, Al ohmic back contact was made on tkei phrough
thermal evaporation and after that the contact annealed using a quartz tube furnace at the temperature o
°C for 3 min in nitrogen atmosphere. Inditin oxide (ITO) in powder form was eparated thermally to

the front surface of the-8i using a vacuum coating unit. Structural investigation of the deposited ITO film
was made using -ray diffraction (XRD) and Scanning Electron Microscope (SEMgchniques.
Transmittance measurement of th®ITilm was performed by a UWis spectrophotometer. Opticahivd

gap energy of thérO film was determined as 2.85 eV for direct band gapumptionCurrentvoltage (}

V) measurements of the ITO& heterojunction were performed under illumination andlank. It was
determined from the darkM measurement data that the contact was a good rectifier and also understoc
that the contact showed photocurrent and weak photovoltaic property from theMigintdsurement data.
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INVESTIGATION OF ELECTRICAL CHARACTERISTICS OF
Yb/p-Si SCHOTTKY DIODES
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*Corresponding author-enail: elif_187@hotmail.com

Yb/p-Si Schottky diodes were fabricated by thermal evaporation method and the measurements of curre
voltage (-V) and capacitaneeoltage C-V) of these diodes carried out at room temperature. Some electrical
parameters such as ideality factoy, erebiasbarrier height @ ,,) and series resistandgs( of these diodes
were obtained by usingV data while other electrical parameters suclire@sni energy level g), barrier
height (1 ,) and acceptor concentratioNA) were calculated from the linear part@f-V characteristics at 1
MHz frequency.The value ofn was calculated as 1.59 while the valuaigf was determined as 0.75 eV
from forward biasl-V characteristic. The values of A, and Ry were calculated from the functions of
Cheung and Norde. It is seen that the obtained results for two functions are different from each other. T
situation has bee attributed to the use of different regions in the segprithmic I-V graph in both
methods.
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A Novel Scaffold Layer for Stable and Reproducible Perovskite Solar Cells
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Recentl vy, perovskite solar cel | s heHicieacy, o eost argl a |
facile fabrication. However, stability and reproducibility are still important problems must be solved fol
large area fabrication and commercialization of this technology. In this work, a novel and natur
mesoporous material (ESEPRvas used as scaffold layer in Perovskite solar cells for the first time in
literature. According to the obtained results, in any conditions, ESEP based perovskite solar cells shov
significant improvement on efficiency between-@®6. In addition, stality of ESEP based perovskite
solar cells clearly improved as well as reproducibility around 90%. The obtained results in this work al
very important for large area fabrication and commercialization of this technology.

Acknowledgement: We thank to TUBITAK 2211C program for scholarship support Selcuk Univ BAP
office for financial support (PN: 16201052). This works under review at TPE and PCT (PCT Applicatior
No. TR2017/050266, TPE no. 2016/08131 and 2017/14384)
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Temperature dependence of interfacestate density distributions in Cu/CuO/ntype Si
Structures
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2 Gaziantep University, Faculty of Engineering, Department of Engineering Physics, 27310
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The interface state densities of Cu/CSI Schottky structure were investigated by cureitage (-V)

and capacitaneeoltage C-V) measurements si ng Roderi ck and Cardbés me
50 K to 310 K. The interface state densifgd as a function of energy distributioB{£Es9 was extracted
from the forwarebias|-V measurements by taking into account the bias dependence effeltive barrier
height and series resistandaurthermore, the values ®ss obtained as a function of temperature. The
experimental results have shown that the interface state denblggsvélue of Cu/CuOh-Si Schottky
structuredecreases with ineasingEc-Essvalues as a function of temperature. Such behavior of interface
state densitiedNsg has been explained with variation of the ideality factor as a function of temperature du
to lateral inhomogeneities of the barrier height atrttetal semiconductor interface. Also, the increase of
interface state densitiedNd9 with decreasing temperature is a result of molecular restructuring and
reordering of the metal/semiconductor interface under the influence of temperature.

Keywords:Interface state densities-Si; I-V-T and GV-T characteristics.
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The series resistance and barrier height values of CufcsiO&chottkystructure were investigated by
currentvoltage (V) measurements using Cheungbés and Nor de
310 K and the obtained results have been compared with each other. The values of the barrier heights
series resistare obtained from Cheung functions are smaller than that obtained from Norde function. Th
rationale is that Norde's functions are applied to the full forward bias region lofl tdecharacteristics of

the junctions, while Cheung functions are only appt@the nonlinear region in high voltage region of the
forward biasl-V characteristics. Furthermore, the high values of series resistance for both methods indice
that the series resistance is a curteniting factor for the structures. This can beibtited to the thickness

or properties of interface layer. Also, the higher value of the series resistance shows the presence
inhomogenities of the barrier height and the existence of interface states, oxide layer and CuO film on
wafer.

Keywords:Barrier heights Series resistance, Temperature
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Lasers operating at 1550nm wavelength is of great importance in fiber optical communication syster
because fiber loss is the lowest as tvavelength. In this study, the transient and stesaaly characteristics

of AlGalnAs/InP semiconductor lasers at 1550nm wavelength were modelled using rate equations. T
variations of the number of electrons-{}\'the number of photons -fi?and theoutput power (Rt) with

time were examined in the transient regime. In addition, ststadg characteristics such as the number of
electrons (NI) and the output power versus current was also investigated. The comparative results f
different valueof cavity length, stripe width and active layer thickness were also presented in thidtstudy.
is demonstrated under steady conditions that the number of carriers and the threshold current increased
increasing cavity length (L) while the number obpins and the output power were decreased. In addition,
the number of carriers and the threshold current increased with increasing stripe width (w). The number
photons and the output power decreased by increasing the active layer thickness (d). AlGalnAs
semiconductor lasers investigated here are widely used in optical fiber communication systems becaust
their superior properties over InGaAsP/InP counterparts.
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In the present study, we investigatib@ effect of reduced graphene oxide (rGO) thin film on the optical,
structural and electrical properties of Al/rGEBAI heterojunction diode. Firstly, the graphite oxide (GO)
was synthesized by using the method of Hummers and Offeman [1]. Subseghemn®guction of GO was
carried out with hydrazine hydrate by using a reflux system (at 100 C for 18 hr) [2]. The rGO thin film wa
formed on Atype Si substrate through spin coating method and Al contacts were created to fabricate t
diode. The absormin spectra of the thin film were taken in 20600 nm wavelength range and the optical
band gap of the film was found to be 3.65 eV. The morphological properties of the thin film formed on th
n-Si substrate were analyzed by AFM and SEM. The electricalepiep of Al/rGO/RSi/Al diode were
investigated using currenbltage (}V) measurements. The diode exhibited rectification behavior with the
ideality factor n of 1.06 and the barrier hightb o f 0.72 eV at roomVten
characteristis of the diode were examined as a function of temperature in {8@08R range. It was seen

t hat t he (valbes afthediodehireredsed with increasing temperature, while the n value decrease

Keywords: rGO, thin film, heterojunction diode
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The physical and chemical properties of semiconductor materials are differentiated by the large surface &
and the quantum size effect as the dimensions of the semiconductor materials decrease to nano dimens
Semiconductor nanomaterials pide advantages in many fields such as solar energy, electronic devices
light emitting nano devices, laser technology, wave guide, chemicals, hydrogen production and biosens
The production methods of nanomaterials are examined under two main headitigsn Bp and Top
down. However, due to the disadvantages of the chemical methods used in these two methods, such a
use of toxic substances (which threaten living health), high cost, excessive time requiremengtepnulti
reaction formation, scientsthave turned to green synthesis. Green synthesis involves the use of biologici
materials (plant, microorganism, alg etc.). In this study, informations are given about the studies using gre
synthesis in the production of semiconductor nanomaterials.
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The structural, l i near and nonlinear absorptior
GaSe single crystals grown by modified BVYiidgama
open apecdmnrmetZhods. XRD spaektshbrsbooweds tbofit unod

at % Nd doped GaSe single crystals were hexagon:
axi s. Linear absorption edge of Pr and Nd dope:
to the |l inear absorption edge of undoped GaSe
single crystals were found to be bigger t han
observed that dopi ng off aGadS eNds3i+ gclaeu scerdy ssthail fst iwni
shorter wa Vv eplreorbget hisnv elBsumpgati ons have demonstr e
showed NA behaviors with |l ong Iife times whdm.h
* This research has been supported by the Coord
University (BAP)-FWR¥h project no: 2017
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Polymers are chemical structures and they are obtained by different kind of polymerization reactior
Depending on the structure of the polymer, they show various behakioan past to present, polymers are
commonly chosen materials in the industry because of their lightness, low price and high performance
many application areas as aircraft, aerospace, automotive, packaging, sports equipment, computer hous
cable ad wire insulation. While polymers are electrically insulator, it is possible to make them conductive
by using electrically conductive fillers. In that case the obtained structure is called electrically conducti
polymer composites. Sensors, batteries ronactuators can be given as application examples of conductive
polymer composites. In this work, polymer based piezoresistive sensors are fabricated and their elec
mechanical properties were characterized under various conditions. As known, piezerseissors are
materials those show change in resistance under mechanical affects. According to outcomes, magnitude
rate of the mechanical affect were found critical for the quality and sensitivity of the sensing behaviour.

Keywords: Piezoresistive sensors, conductive polymer composites, flexible polymer composites
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The electrical performance of double layered Ohmic contacts not only depends on layer thickness
annealing temperatures and annealing time etc. but also Ohmic contact metals and reactions with subst
and each other. Furthermore oxidation tendenc@lmiic contact metals is highly important for contact
quality and stability. In this study, we have investigated Ti/Al Ohmic contact formation on undoped AlGal
substrates with depth profile by XPS. Depending on the contact depth, we aimed to reveal éhe oxi
compounds and reaction products of metals. In survey mode and depth profile mode five atoms core le
(Ga3d, Al 2p, N 1s Ti 2p and O1s) was observed and the XPS core level peaks were convoluted with
Gaussian profiles to identify the origin of the kgaOur result shows that, Ohmic contact metals strongly
incorporated with oxygen, t hus c o comrfionied bly they M a
measurement. Furthermore, it is found that thermal treatments cause en@tallic alloy inTi/Al interface

and presence of excess Ga and TiN indicates that out diffusion of N atoms at the metal semiconductor (I
interface.
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In this study, we have investigated the electrical characteristics of Zn/Z3i@imSb Schottky diodes
beforeand after different doses (50 and 75 Gray) of eleatradliation at room temperature. Initially, the
ohmic contact has been made e8irsemiconductor with Agb alloy. After the ZnO thin film was grown

on nSi semiconductor by using RF magnetron spimtgrthe contact area is determined by sputtered Zn
metal to surface of ZnO in DC sputtering system at aboltTHir. The characteristic parameters of the
junction such agliffusion potentialthe carrier concentration, Fermi energy and barrier heighesaare
calculated from reverse bias™?0/ measurements at 500 kHz and room temperature. Thé C
measurements of these diodes performed at room temperature and in dark. Experimental results show
the values of thaiffusion potentialand the values ofhe barrier height obtained from revetsasCi

V measurements decreased after eleatradliation. However, changes in the characteristic parameters of
the ZnO interfacial layer diode in 50 Gray of electmoadiation were found to be less than thoséhe 75
Gray of electrorrradiation.
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A Hypothetical Approximation on the Serial Resistance of Schottky Diodes
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In this study hypothetical approximation on the serial resistance was examined. That approximation w
obtained from thermionic emission equation (TEEBJLTEE was accepted witthlependence on current.
Then TEE takes the derivative for the current. It was depended on current to left side of the -equatic
function and depended on current and serial resistance to right side of the efyunation. Both sides was
equalled the constarflike c). Finally, it was quadratic equation. Its solution gives the serial resistance
dependence on a constant. That constant takes on the some vahkigg;(cs=0, a=1, =2, &=3, =4,
=5, @l@, 8. ) [1

Keywords:Serial Resistancé&chottky Diode
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Fig.17 Hypothetical serial resistance versus current in the case of forward bias of Schottky diodes
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'KemsettinSalkeéndAltéendal Yerikkin

Department of Physics, Faculty of Sciences, Gazi University, Ankara, TURKEY
*Department ofChemical Engineering, Faculty of Engineering, Gazi University, AnRankey

Main scientific and technical problems of solar cells (SCs) are relevant to the increase in the efficiency ar
reduce in the energy lossédthough resources of solar power are enormdus, not presently used on a
large scale due to tlexpensef harnessing iis not economicallyiable. But, the ground sources (coal, oil,
uranium) as they near exhaustion will becamare costlythan sola energy.The need for energy increases
rapidly wherea80% of energy need of the world is met fossil based sources and these reserves are runni
out rapidly. The energy *Jpeopwarandthiso 188rthmesi $ ¢
energy amount obtained t hr dorg portianafrphotoldsshava noaendughb |
energy to form an electremole pairs so they will simply pass straight through the cell without affecting it
and can only utilize a small portion ofigrenergy The efficiency of SCs depends on the surface preparation,
density of interface states () series and shunt resistances dRd Ry) and interfacial layer. Temperature,
Rsand Ly affects negatively the performances of SCs and so this is an important issue for researchers.

Keywords Efficiency; Sources of energy losses in Solar Cells; Series and shunt resistances;
Corresponding Authok e ms et t i (E-mdillalturelaidyazi.elu.tr)
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The main important electrical parameters such as reverse saturation cyyreredlity factor (n), zertias
barrier height ([1gs) and series resistancesg(Rre a strong function of temperature at low temperatures.
Therefore, to get more confidence and reliable information on the possible ¢tarsmort/conduction
mechanisms (CCMs), the forward and reverse bias cwwodtaige (HV), capacitancevoltage (C-V)
measurements must be performed in wide range of temperature and voltage. The various CCMs in |
structures with and without an interfacial layer such as therma@mnission (TE), thermionifield-emission
(TFE), fieldemission (FE) and Gaussian distition (GD) depending on the temperature, doping
concentration atoms and barrier inhomogeneity’s. Usually, the calculations of [1g, from the forward bias-V

data based on TE revealed that an increase of it with increasing temperature contrary to i nega
temperature coefficient bandgap of semiconductor. In this case, the traditional Richardson plots devia:
from linearity, especially at low temperatures. The increase of [1g, and decrease of n with temperature is
explained on the basis of TE theory wiBD of the barrier heights. The energy density distribution of
interface traps of these structures can be also calculated from fdriaartlV measurements by taking into
account voltage dependent BH and ideality factor for each temperature.

Keywords Temperature and voltage dependence of barrier hétglssible currertonduction mechanisms;
Barrier inhomogeneity and tunneling

Corresponding AuthoiS e - ki n Al t &sectim altindal@hdatmak i n
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The Current/Capacitance-Voltage Characteristics of Nih-GaP/Al Schottky Diode

Abdulkerim Karabulut *

"Sinop University, Faculty of Engineering, Department of Electrical and Electronics Engineering,
Sinop, Turkey
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In this study, the Ni/fGap/Al Schottky diode has been fabricated to investigate its electrical characteristics
During the preparation of the diodes, sputtering technique is used to make the Ni Schottky contact wh
thermal evaporan technique is performed on Al ohmic contact. The forward Is\asharacteristics have
been analyzed on the basis of thermionic emission theory. Some crucial electrical parameters for Scho
contacts such as barrier height, ideality factor and segsistance have been calculated fros
measurements. The experimental barrier height and ideality factor values of fabricated device are 1.19
and 1.2% at room temperature, respectively. In addition to these, rectification ratio of device is desmined
about 10.

Keywords: Schottky diode, Electrical characteristics, GaP, Sputtering
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The undoped and aluminium (Al) doped cadmium oxide (CdO) thin films were synthesized by successi
ionic layer adsorption reaction (SILAR) method. To investigating effect of Al on CdO, thin films have beer
analysed with optical, teictural and morphological by XRD ¢Ky diffraction), absorption and SEM
(scanning electron microscope) measurements. XRD measurements of undopeedapedSCdO thin
films show the cubic structures and have (111), (200), and (220) peaks. SEM imagestcdmthat the
samples surfaces varied considerably with the Al dopant. The calculated bandgap of samples by absorp
changes with Al dopant.
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SOL-GEL DEPOSITION OF ZnO WINDOW LAYER FOR C IGS SOLAR CELL

S.A] &4l Bilgen?, G. ¢*ankaya
%Ankara Yéldérém Beyazét University,
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Copper indium gallium diselenide (CIGS) solar cell investigations are very popular due to exceller
properties of CIGS such as tunable direct band gap, high efficiency, high stability, low cost, and effecti
usage of raw materials. CIGS solar cells are basically produced with soda lime glass substrate, molybder
back contact, ytype CIGS absorbertype CdS buffer, ZnO window, andtype ZnO:Al conductive layers.
ZnO is the ideal window material due to its wide band gap (3.2 eV) and high temperature stability. Th
layer behaves as a diffusion barrier between ZnO:Al and CIGS absorber layer. Indpigsetd films were
deposited with different repeatings by-g@l dip coating method. Zinc nitrate tetrahydrate, triethanolamine
and ethanol were used as starting materials for solution preparation. After the coating, samples w
annealed in tube furnace t 500 AC for 1 hour. Obt ained thir
spectrophotometer. Absorption is increased with increasing thickness. Forbidden band gap values w
found to be equal (3.25) for different samples by using absorption valuesudydistdone to be sure about
composition of samples. The intensity of xrd peaks is increased with increasing thickness.

Keywords:Zinc oxide, CIGS, sajel
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CIGS solar cell is a thin film photovoltaic device that uses copper indium gallium disesenmeonductor
layer to absorb solar radiation and convert it to electricity. CdS is widely used for buffer layer of CIGS sol:
cells. Since Cd is a toxic material and it has environmental risks, the developmenrfreé Gdffer layer is

very important forCIGS solar cells. Due to its broad band range and good optical properties, ZnS can
used in CIGS solar cells. In this study, ZnS is deposited on glass substrates with different thicknesses by
gel dip coating method. Absorption values of samplesbraned by UV spectrophotometer. Absorption is
increased with increasing thickness. Forbidden band gap values of samples are obtained from absorg
data and found to be 3.70.-rdy diffraction study showed that the intensity of peaks is increased with
increasing thickness of samples.

Keywords:Zinc sulfide, CIGS, sajel
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THE TEMPERATURE DEPE NDENCE OF CURRENT -VOLTAGE

CHARACTERISTICS OF C uAuAg/n-Si/Ti SCHOTTKY DIODE

Zeynep Orhant, Ah met, TBaBgezreladchidr Must a¥fa Sajl am
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CUuAuAg/nSI/Ti diode has been fabricated and temperature dependences of current voNgge (I
characteristics have been analyzed based on thermionic emission theory in the temperature ra3@@ of 80
K. The electronic parameters such as, ideality factor, barrier heghseries resistance were calculated. It
is found that the values of the ideality factor increase and barrier height decrease with decreas
temperature. The ideality factor and barrier height values as a function of the sample temperature have &
attributed to the presence of the lateral inhomogeneities of the barrier height.

Keywords:Schottky contactdarrier inhomogeneitie€uAuAg alloyssample temperature
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CHARACTERKSTKCS OF
CuAuAg/n-Si/Ti SCHOTTKY DIODE

Zeynep Orhant, Ahmet, TBeextesrl 'a®glz eMucsitra¥ a Saj | am
1
Department of Physics, Faculty of Sciences, Ataturk University, ErzUHRKEY

zorhan87@agmail.com

The Auratios in the CuAuA@lloy used in making the Schottky contact were taken as changing in weight.
The characteristics parameters of these diodes such as barrier height, ideality factor, series resistance
calculated from the currenbltage (}V) measurements at room temperature as a function of gold weight
rate. Furthermore, the density distrilmutiand rectifying ratio of these diode have been calculated from the
I-V measurementdt has been seen that the changes of characteristic parameters such as barrier hei

ideality factor and series resistance of the CuAuARj/ili Schottky diode have ghtly changed with
increasing gold weight rate.

Keywords:Schottky contactsSchottky barrier inhomogenejGuAuAg alloys
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The Dielectric properties of Al/Cu:TiO ,/n-Si heterojunction Device
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¥ |gdir University, Engineering Faculty, Department of Electrical Electronic Engineering, 76000 Igdir,
T
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Selcuk University, Faculty &cience, Department Biotechnology, 4203Bonya, Turkey

10% Cu doped Ti@thin films were fabricated by spin coating technique and employed as interfacial layer
between Al anch-Si for investigating dielectric properties of the Al/Cu:}®Si heterojunction device.
Impedance spectroscopy technique depending on frequency (from10 kHz to 1 MHz) and voltag&\(from
to +5V) were utilized to characterize the dielectric behaviors of the heterojunction. The dielectric paramete
such asdielectrc constant | ), dielectric loss+ ) , |l oss tangent (tan Q) ,
electric modulusl{{ andb geand ac electrical conductivity Y were obtained from impedance spectroscopy
measurements and discussed in the details. Thésrdsghlighted that most of dielectric parameters are
strong function of the frequency and voltage except real and imaginary electric modulA¥Cth&iO,/n-

Si heterojunctiortan be thought as device in the industrial applications.

Keywords: Cu dopedTliO; thin film, Al/Cu:TiO,/n-Si heterojunctionDielectric properties

" Corresponding author Tel.: +90 42830010/4452: fax+90 4762230045
E-mail addressadem.kocyigit@igdir.edu.tr (A. Kocyigit).
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AN ANALYSING OF Cr/n-Si AND Ni/n-Si SCHOTTKY CONTACTS WITH GO -
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In this studyn-Si wafer was cleaned by chemical cleaning process and then the ohmic contact has be
made by evaporating Al on the backme6i substrate then it was annealedG®-Fe;O4film was coated

on bright surface oh -Si with dropping methodl o abtain two different Schottky type junction Cr and
Ni metals were coate@dO-Fe;04 film on by sputtering and it was obtained G-Fe;04/n-Si/Al and
Cr/IGO-Fe;04/n-Si/Al  Schottky diodes havingsO-Fe;O, interface layer It was calculated the ideality
factor (n), series resistance arttde barrier height(y) of the NilGO-FeO4/n-Si/Al and Cr GO-F&O, /n-

Si/Al the diodes fromthe currenvoltage (-V) measurements using thermionic emission theory and
Cheungfunctionsfor room temperature Furthermore, basic parameters such as the diffusion potential, the
barrier height, the Fermi energy level and the donor concentratiomterface diodes werdetermined

with capacitanceroltaggC-V) measurements at 500kHz frequendye ideality factor and barrier height
value of the Ni/GO-Fe04/n-Si/Al and CrGO-Fe;04/n-Si/Al  within the -V characteristic were
calculated as 1.61, 0.66 eV and 1.28,0.63 eV in the room tempetatarresult, NiandCr metals
effected interface Schottky diodes gfarameters.

Keywords: GO-Fe;O4film , Schottky diodesNi, Cr
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Cu/n-Si/Ti and AuCu/n-Si/Ti Schottky Diodes
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In this study, it is aimed to produce Ae@WTi, Cu/nSi/Ti and AuCu/rSi/Ti Schottky diodes and to
calculate the diode parameters such as ideal factor, barrier height and series resistance bY using
measurements. First, pure Ti metal was evaporateth@matt surface of the-8i semiconductors and
annealed at 42@ in nitrogen atmosphere. Secondly, Au and Cu metal, AuCu alloy were evaporated on tt
other surface of45i semiconductors. so that Ad8¥Ti, Cu/nSi/Ti and AuCu/rSi/Ti Schottky diodes ere
obtained. Finally, W measurements of the Schottky diodes obtained were measuredat specified tinr
intervals (immediately,1, 7, 15, 30, 90, 180 and 365 days) and time dependent diode parameters w
calculated using the Thermionic Emission, CheungNmidle methods.

Keywords: Alloy, Schottky diode, Cheung, Norde
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In th s study, T met al was -se vdaep op edlt essheeoth crb h d u-
anneal ed at 420 OC n n t r-8iJieAg/nSi/Ti ramd SApAg eltoys .wereS u b
evaporated on the shiny surface of th&irsemiconductors and alloy/semiconductor Schottky diode is
obtained. Timelependent (immediately,1, 7, 15, 30, 90, 180 and 365 days) cuoleage (1V)
characteristic of AuASBI/Ti, Ag/nSi/Ti and AuAg/RSI/Ti Schottky diodes were measured. Diode
paramegrs such as ideality factor, barrier height and series resistance are time dependent was calcul:
using the Thermionic Emission, Cheung and Norde methods.

Keywords: Alloy, Schottky diode, Cheung, Norde
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Cryogenic systems have been used in various applications ranging from space electronics and defe
industry to quantum computing. Typical transistor models, however, do not extend b&g@nd, hence

they cannot be employed in the simulation of cryogenic circuits. In that regard, experimental extraction
transistor model parameters becomes important. In this paper,-eo&ivexperimental setup involving a
cryogenic probe station has been bkshed to collect the currerit voltage transfer characteristics of a
metaloxide-semiconductor fieleffect transistor (MOSFET) at 77 K. Using this setup, low threshold
voltage (low Vthitransistors from a 180 nm commercial design kit have been investipath at room
temperature and at 77 k196 C, which is the liquid nitrogen temperature). These transistors are
particularly important since many lepower applications are designed by utilizing them. The sizes of the
devicesundertest can be givendashe wi dth to be equal to 35 Om
observed that the saturation region drain current of the transistor rises from 16.92 mA to 25.31 mA, whi
indicates to a net increase of 50 %. Thus, the power associated with theistoitaran go up by more than
twice.

Acrkowl edgkemesntwor k was sponsored by the Technol ¢
project T, BKTAK 1001 215E080.
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In this study, electrical characterization of the Ni/SeIiEBi/Al heterojunction device was performed and the basic
characteristic parameters were calculated. Firstly, ohmic contact was performedSirs@miconductor wafer with
(100) orientation,te t hi ckness of 400 0em/amd awasemmtedsotSihe/bihedwgideo f
of n-Si by spin coating method at 1000 rpm at 60s. Finally, Ni contact was coated on thefi8nliGr electrical
measurements with sputtering method. Weestigated the electrical characterization of the Ni/SgRGI/Al
heterojunction device with currémoltage (I7V) and capacitanéeoltage (C-V) measurement at room temperature
and dark. Firstly, the ideality factory)(and barrier heightt(,) of the device were calculated by the conventional
thermionic emission (TE) method. Secondly, the , aid series resistancB)( values of heterojunction device were
calculated using Cheung functions too. At least, the basic parameters such as dititesitial, barrier height, Fermi
energy level and donor concentration of the heterojunction device were calculated with capacitage€C-V)
measurements. The parameters have been determined from thé1lif8af) curves of the reverse bias, atweén
1002000 kHz frequency.

SrTiO3
n-Si

Al Back Contact

Fig. 1: Schematic diagram of Ni/SrTig-Si/Al heterojunction device
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The metatsemiconductor contacts are one of the effective factors in determining the device performanc
Particularly, the organic/inorganic semiconductor contacts have attracted great attention due to th
potential applications of organic materials in alecic and optoelectronic devices such as solar cells [1],
organic light emitting diodes [2], field effect transistors [3], diodes [4], and so on. Therefore, the choice ¢
organic materials in device applications is very important and in this study, rudygamec material, one of

the promising organic semiconductors, has been used due to its high electrical conductivity and mobility [!
In the study, Ag/rubrene/mP Schottky diode was fabricated by spin coating of rubrene solution on the n
type InP semianductor wafer. The currenbltage (}V) characteristics of the prepared Schottky diode were
investigated at a wide temperature range. The cuwatdge measurements showed a good rectifying
behavior at all temperature values. Also, the junction pamsistich as the ideality factor (n), the barrier
height £ g) were determined from the experimental dagausing standard currembltage analysis method

and also temperature dependence of these parameters was analyzed. In addition to the standard analys
means of the Cheung and Cheung method [6], the series resistghaadRome other electricalgmerties

were calculated for the device, and a good agreement was obtained between relevant diode parameters.

Keywords:Organic semiconductor, rubrenel|nP, Schottky diode, electrical properties
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CURRENT-VOLTAGE CHARACTERISTICS OF CuO/n -Si/Al
HETEROJUNCTION FOR SOLAR CELL APPLICATION
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In this work, heterojunction of CuG/ai contacts were produced by thermal evapotation technique and
currentvoltage measurements of the junction at room temperature were investigated in the dark condition
have been observed that the structures etxtibde characteristics and diode parameters such as ideality
factor (n), effective barrier height and of the samples were calculated from the forward-\bias
characteristics and also by using Cheungs Functions to check the consistency of the resuloréés
functions combined with the forwaldlV method has been used to extract the parameters. As a result o
cal cul ati ons, the barrier height and series re
with those from Cheung functions. itdaeen seen that there is a good agreement between the barrier heigl
values from both methods but the series resistance values obtained from Norde functions are consider:
larger than those of Cheung functions. The photovoltaic characterization was byadalculating
characteristic parameters according to current demsitgge (V) properties under illumination. The
findings have been show that a close relation between diode and photovoltaic parameters.

Keywords:Copper oxide, heterojunction,adlity factor, fill factor
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A SIMPLIFIED METHOD TO DETERMINE CARRIER TRANSPORT
MECHANISMS OF METAL -OXIDE RESISTIVE RAND OM ACCESS MEMORY
(RRAM) DEVICES

Fati h Gg¢l
®Departmenof Software Engineering, Gumushane University, Gumushane, 29100, Turkey
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In recent decades, several new materials and methods have been proposed for overcoming the phy
scaling limit of conventional memory devices. Some of new memory type like magsettve,
ferroelectric and resistive switching random access memor¥jRrave been suggested. Researchers have
focused great attention on resistive switching random access memory (RRAM), thanks to the potential
high density memory device with faster switching speed and lower energy consumption. The current cart
trangort mechanism in nelinear resistance states of the curreoitage (V) curves of the RRAM devices
would help to understand the physics behind the resistive switching phenomena. -Tiheargoortion of

the FV curves are commonly categorized by thdifferent types of carrier transport mechanisms, the space
charge limit current (SCLC), the Schottky emission (SE) and the foefkel (PF) effect respectively.

In this study, the currentoltage curves of the RRAM devices limited to the tiararregion were
plotted on a logog scale with the purpose of distinguishing the current conduction mechanisms. Each of tt
Ii V curves narrowed to the ndimear region were rplotted for SCLC at the scale bfs. \/, for SE at the
scde of 1 1@ B/w and for RF at the scale df PwL 8w . The linear fitting lines were plotted and
calculated for each one using MATLAB curve fittingolbox. The slopes of the fitting lines were found
respect to the scales. The conduction mechanisms of the devices were determined using the degre
linearity of the slopes.

Keywords: Carrier transport mechanism, resistive switching, Schottky Emis$loonleFrenkel, Space
Charge Limit Current
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Bacterial synthesis of nanoparticles (NPs) is a green chemistry approach that interconnects nanotechnol
and microbial biotechnology. Some type of the bactemasunique to tolerate high chemical concentration.
Cu:SeNPs and Zn:S&IPs have been syntsized by usingelected special bacteriwmder dark conditions.

The synthesized Cu:9¢Ps and Zn:S&IPs solutions dropped on glass an&ipsubstrates and then they
were dried at 65C. Optical properties of the ZnSe and CuSe thin films have ibgestigated by UWis.
Spectrophotometer method. Fabricated Zn&#/pand CuSeASi structures characterizedrdy diffraction
(XRD) and Fieldemission scanning electron microscopy {EEM) with energy dispersive -Kay
spectroscopy (EDS) techniques. Somlectrical parameters of these structures are investigated with
CurrentVoltage (FV) measurements at room temperature. These parameters have been comparefliZnSe/|
and CuSe/fsi structures.

Keywods: NanoparticlesBacterium, Cu:Se, Zn:Se, thin film
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On account of their flexibility and great solution processibility, organic-fdfelct transistors (OFETS) are
considered excellent candidates for application in flexible electronics witltdstv Metal phthalocyanines
(MPcs) areversatile conjugated macrocycles that have attracted a great deal of interest as active compone
in modern organic electronic devices. In particular, the charge transport properties of MPcs, their chemi
stability, and their synthetic versatility makihem candidates for use in OFETs. The the easy
functionalization of Pcs, | arge conjugated =~ s
stability render them ideal organic semiconductor materials as active layers for QRFE[Ts.

In this study, synthesis of hexadeca substituded complex has been reportehe compound was
characterized by different specteopic techniquies including FIR, *H NMR and Maldi-TOF. The
compound has potential as active layer for OFET devices.

Keywords:Phthalocyanine, OFET, active layer, transistor
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In this study, n type InP semiconductor is usedh@ base. The ohmic contacts of InP Schottky diodes were
obtained by evaporating In metal at>l@bar pressure. The Al metal was vaporized to the other surface of
the semiconductor at a pressure of hfbar using 0.5 mm diameter masks to determine the contact area.
Currentvoltage and capacitane®ltage measurements of the AlAP/In Schotky diode at room
temperature were investigated. The cureitage and capacitane®ltage measurements were then
measured at 1 MHz frequency from the liquid nitrogen temperature to the room temperature by steps of
K before annealing of this structure and after
Using these measurements, the barrier heights were calculated idgpendhe temperature before and
after thermal annealing. The effects of thermal annealing on the barrier height were investigated.

Keywords: Al/n-InP/In  Schottky contacts, thermal annealing, curkaltage, capacitaneeoltage,
Schottky barrier heigh

’ Corresponding author. Tel.: +4d6-226-6600 /43363, fax: +90446-226-6601.
E-mail address: fcat@erzincan.edu.t(F.E.Cimilli Catir).
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In recent years, Nanopatrticles can be produced using different approaches including chemical, physical,
bi ol ogical. Researchers are concentrating on u
metal nanoparticke In this research simple, ecofriendly, low cost and a new approach are used fc
depositionGO:Se thin film. Graphene oxide nanoparticles (GOIS#Rs) have been synthesized by using
special bacterigOGL1 in LuriaBertani medium under dark conditions. Biogysized GO:S&IPs solution
dropped on glass andSi substrates and then they annealed for the formation thin film structure. Band ga
of GO:Se thin film investigated by using WWis. Spectrophotometer method. Obtained GO:$&/p
structure characterized-pay diffraction (XRD) and Fielgemission scanning electron microscopy {FE
SEM) with energy dispersive -Kay spectroscopy (EDS) techniques. Some electrical parameters of
Ag/GO:Se/nSi/Al structure are investigated with Currarltage (FV) measurements abom temperature.

Keywords: GO:Semicrobial green biosynthesiin film, nanoparticles
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A STUDY ON THE EFFECT of DOPING Ir to LaCrO 3 PEROVSKITES IN TERMS
OF ALL ELECTRICAL AND DIELECTRIC PROPERTIES THROUGH THE
IMPEDANCE SPECTROSCOPY

Fati h M2 CM.kk@¥nk k Rail Tartut?
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fatih.coskun@medeniyet.edu.tr

In this research, it has been prepared LaCrO3 (LCO) and 10% Ir doped LCO samples by the solid st
reaction method and studied the electrical and all the other dielectric properties of the samples by mean
the impedance spectroscopy from the tempegaiti-100°C to 100°C, with steps of 26C. Also, scanning
electron microscope (SEM) andrgy photoelectron spectroscopy (XPS) analysis of the samples have bee
conducted. While we look through the electrical and dielectric measurement results, eveldaly
observed that the dielectric constant (Ud) of
Furthermore, it has been clearly said that ac conductivity and capacitance value of LCO decreased afte
doping due to Ir occupation in Citess and lattice distortion owing to doping larger idfi iinto smaller C¥*

ion in the LCO lattice. If we investigate the conduction mechanisms of the samples, we can see tl
overlapping large polaron tunneling (OLPT) and quantum mechanical tunneling’)(@bhduction
mechanisms were suitable for LCO while the correlated barrier hopping (CBH) and QMT conductio
mechanisms were appropriate for Ir doped LCO compound. The tempatepamedent imaginary modulus
(M0 versus frequencyf)(curves has two peaks$ @ach temperature; one of the peaks is at low frequency
and the other at the high frequency region, which shifts through higher frequency region with increasil
temperature. This originates from free charge accumulation at the interface with the imofreéhse
temperature. Finally, the activation energy values have been calculated by employifig,b&hl/T and

Ugc VS 1/T plots. It has been stated thaat various temperature rangethose energy values are in good
agreement with each other for LCO and Ir doped LCO samples.

Keywords:perovskite oxide materials, LaCrO3, electrical properties
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WIDE RANGE FREQUENCY and TEMPERATURE DEPENDENT ELECTRICAL PROPERTY
STUDY of LaCrO ;and COBALT (Co) DOPED LACRO 3 PEROVSKITE COMPOUNDS
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In this study, the undoped lanthanum chromxide, LaCrQ (LCO), and cobalt (Co) doped LaGCoOs
(LCCO), (x=0.01, 0.10, 0.15, 0.20, 0.30) perovskite compounds were synthesized ushsgaselidaction
method. Electrical modulus of the samples was investigated at wide range frequency anduesmpsng
precision temperature controlled dielectric/impedance spectroscopy in nitrogen ambient. Structural a
chemical analyses were carried out using SEM, XRD, FTIR and XPS. Our XPS studies have exhibited tl
oxidation state of Cr is mixed with mdteal(0), (3+), (4+) and (6+), Co has (2+) and (3+) oxidation states
and La has only (3+) oxidation state. Frequedegendent real and imaginary electrical modulus
characteristics were performed for all samples and the results showed that there amxationgirocesses
from the grain and grain boundary, for LCO, 1% and 10% Co doped LCO samples, whereas three relaxat
processes from the dc conductivity, grain and grain boundary, obtained for 15, 20 and 30% Co doped L
samples. The activation energy sdmples were calculated using ldg.f) & 1000/T plot and the results
showed that the activation energy highly depends on the Co doping ratio.

Keywords:metal oxide materials, LaCrO3, electrical properties, Co
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AN ALTERNATIVE METHOD TO CALCULATE CHARACTERISTIC
PARAMETERS OF SCHOTTKY DIODE PARAMETERS BASED ON FORWARD
BIAS |-V DATA

H.DURMUS,, . ATAYV

Selcuk Universty, Faculty of Science, Department of Physics, 42031 Campus,
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In this study, a new method has been proposed to determine the characteristic parameters based on for
base 1V measurements in the case where the current passing through joimesaksemiconductor can be
defined by the Thermionic Emission (TE) Current Theory.
While working with theTE current theory the use uf power factors

| QaOrMaéd and [ Qaje TQa &
were proposed bylikhelashviliet al Using this power factdr a new parameter

Yo r*w | -Qw rw ¥

can be defined.

In terms of this new parameter, characteristic parameters serial resistence, ideality fattarri@ntieight
of the metalsemiconductor structure can be obtained to be

Y —— € ——— ve % % . —Qw
respectively. Her¢, — .
Advantages of the method introduced here to catleubee characteristic parameters are;
Introduces a simple and basic method to determgirg/ 1 using In()=In (})+¥ 6 function,
Depending on this, more accurate determination of barrier Hgight

It eliminates the need for an arbitraglection of any parameter or a linear region,

Possible calcul ation errors are minimized becau
rather than a difference function.
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THE MEASUREMENTS OF RADON GAS IN SPECIFIC DWELLINGS IN
ESENYURT DISTRICT
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Measurements of indoor radon concentrations were perfoatigddifferent dwellings in Esenyurt District
ofKst anbul pr ovi nc éeRli5mucled Hackddatsctst.iswdatarnmngd thahresults which
are measured from 39. 9 radam coBc2riration liBitpr/dwgllingsIn a&ddition t h
this studymean annual effective dosealues have been calculat€deseobtainedresultswere
comparedvith the radon concentration limits set Ioyernational Atomic Energy AgencyBasic Safety
Standards (IAEABSS) , the Turkish Atomic Energy Agency (TAEK) and UNSCEAR (2000).

Keywords:Radon concentratiomR-115 Nuclear Track DetectdEs enyur t Di strict, K
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POLY(METHYLENE BLUE) NANOCOMPOSITE THIN F ILMS
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Electrochemical, physical and electrical properties of poly(MB) can be improved by doping with grapher
due to synergetic effect of graphene nanocomposite materials. Unique properties of theegoxjude
essentially allow to facilely interact with some organic dye compounds, such as methylene blue (ME
Recently, the cell killing potential of graphene nanocomposite takes care in cancer treatment process
Examining the interaction of nanocompesitwith radiation is important in simultaneous treatments with
radiation. In this work, mass attenuation coefficient, half value layer (HVL) and mean free path (mfp) of th
Poly(MB) and Poly(MB)/GO nanocomposite thin films measured and calculated. Sdtseashiobserved

at the transmission spectra of the thin films. Attenuation parameters of Poly(MB)/GO composite thin film
have smaller values.

Keywords:Poly(MB), graphene oxide (GO), thin film, attenuation, radiation
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Ni cot iaachemi idree di nucl eoti de (NADH) is the most
an i mportant role in many enzymatic redox reac
el ectron carrier banderaduoxd dii@ edADK [NA]D. El ec
is irreversible and its oxidized products tend
el ectrochemical detection of NADH has aaerdi pdr
graphene (Gr) Ssheets and Gr nanocomposites i
whose str uacttauhmiec k sp loareab o nscheede t sa robffons pat oms t hat
honeycomb crystal blaeti( M8) [ fcjong Mgkl ygloamnest ruct u
MB all ow Gr to facilely interatctelwictthr ommada me amrdc
interactions and thus to form new nanostructure
In this work, weatriepmr oed Gt hBIB pnapacomposites
amperometric determination of NADH [ 5]. Figur
procedur e of Gr/ MB nanocomposites t hin fil ms
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