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Ar-Ge Projesi ve Bilesenleri 3 )

,;i TiBiTAK

Frascati Kilavuzu'na gére Ar-Ge; insan, kiiltiir ve toplumun bilgisinden olusan bilgi dagarciginin artirilmasi ve bu
dagarcigin yeni uygulamalar tasarlamak tlzere kullaniimasi icin sistematik bir temelde vyiirtitiilen yaratici

calismalardrr.

AR-GE’Yi AYIRT ETME (")I(;UTLERi
Yeni: Yeni bulgular hedeflenmeli (novel)
Yaratici: Ozgiin kavram ve hipotezlere dayali olmali (creative)
Belirsiz: Nihai sonuglar hakkinda belirsizlik olmali (uncertain)
Sistematik: Planlanmis ve butgelendiriimis olmali (systematic)

Transfer Edilebilirlik ve/veya Tekrar Uretilebilirlik: Sonuglar transfer
edilebilir ve yeniden Uretilebilir olmal (transferable and/or reproducible)

*Frascati Kilavuzu, Ekonomik Kalkinma ve isbirligi Orgiitii OECD tilkelerinin arastirma, yenilik ve tasarim faaliyetlerinin
ve buna bagli olusturulan projelerin gecerlilik kriterlerini belirledigi bir dokiimandir.




............

Ar-Ge Projelerinin Ayirt Edici Ozellikleri e
Sorular Yorumlar
Arastirmanin amaci | “Yeni bilgi” yaratma yoluyla orijinal ve zorlu hedeflerin pesinde kosmak temel bir Ar-Ge

nedir ?

kriteridir.

Bu projeyle ilgili
yenilikler neler?

Bir Ar-Ge projesi, "Yeni bilginin" gelistirilmesi ya da mevcut bilginin yeni
uygulamalarinin veya mevcut tekniklerin veya teknolojilerin yeni kullanimlarinin
(Yaraticilik) tasarlanmasi gibi yaratici bir yaklasima sahip olmalidir.

Projeyi
gerceklestirmek igin
hangi yontemler
kullanihyor?

Bilimsel ve teknolojik arastirmanin yani sira sosyal bilimler, beseri bilimler ve sanat
arastirmalarinda kullanilan yontemler, projenin nihai sonucuna iliskin problemi ele
aldiklari siirece arastirma olarak kabul edilir. Yontem secimi, projenin yaraticihginin bir
parcasi ve problem ¢cozmenin yaratici bir yolu olabilir.

Projenin bulgular

veya sonuglari ne

kadar genel olarak
uygulanabilir?

Genel olarak uygulanabilir olmasiicin, bir Ar-Ge projesinin bulgularinin diger dort
kritere ek olarak aktarilabilir / tekrarlanabilir olma kriterini karsilamasi gerekir.
Sonugclarin aktarilmasi, drnegin bilimsel literatlirde yayinlanmasi ve fikri mulkiyet
koruma araclarinin kullanilmasiyla gosterilebilir.

Projede ne tur
personel ¢alisiyor?

Bir Ar-Ge projesini Ustlenmek icin bir dizi becerinin gerekli oldugu varsayilmaktadir
Proje personeli, arastirmacilar, teknisyenler ve diger destekleyici personel olarak

siniflandirilir. Projelerde mutlaka arastirmacilarin olmasi gerekir.




Ar-Ge Tanimi (Frascati Kilavuzu*)

Arastirma ve deneysel gelistirme (Ar-Ge), sistematik ve yaratici bir
calisma sonucu insanlarin ve toplumlarin bilgi birikimini artirir ya da
mevcut bilginin yeni uygulamalar i¢in kullaniimasini saglar.

Arastirma

*Frascati Kilavuzu, Ekonomik Kalkinma ve isbirligi Orgiitii OECD tilkelerinin arastirma, yenilik ve tasarim faaliyetlerinin

Arastirma
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ve buna bagli olusturulan projelerin gecerlilik kriterlerini belirledigi bir dokiimandir.

Uygulama

TUBITAK



Ar-Ge Tanimi

TEMEL ARASTIRMA

Bir uygulamayi
dustinmeden, bilgi
edinmeyi amaglayan
deneysel veya teorik
calisma

UYGULAMALI
ARASTIRMA

DENEYSEL

GELISTIRME

Ozel olarak bir
uygulamaya yonelik bilgi
uretmeyi amaclayan
arastirma

Mevcut bilgiye dayanarak, yeni
urtnler, prosesler ve servisler
gelistiren ya da mevcutlari
onemli dlcude ilerleten
arastirma




Ar-Ge Tanimi

TEMEL ARASTIRMA

-

* Bilimsel merak
 Temel sorularin cevabini arar

Neden? Nasil? Nigin?
Bir kesifle, ya da uygulamaiile
sonuglanmayabilir.

~

UYGULAMALI
ARASTIRMA

/

¥

-

\.

Yeni Urunlerin, proseslerin ve
teknolojilerin gelisimine yol agabilir.

~

Yeni urunlerin, proseslerin ve
teknolojilerin gelisimini amaclar

J

Y

-

J

o

Temel sorularin olugsmasina yol
acar.

Neden? Nasil? Nicin?
Bir kesifle, ya da uygulama ile
sonuglantr.
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Temel Arastirma -

Arastirma Sorusu: Bazi maddeler neden 1sima yapar?

Temel J p———

Arastirma Isima kontrol

edilebilir mi ?

Kristal Yeni Yeni
yapisli prosesler aygitlar

Nano-

teknoloji

Kuantum
fizigi




Uygulamah Arastirma -

Arastirma sorusu : Gunes hucrelerinin verimi nasil artirilabilir?

Uygulamali J S N |
' : Kristal yapisi-
u@t"ma Kristal termodinamik

yapisi

Yﬁzey
pasivas
-yonu

Yuzeyin atomik
yapisi

Tasarim

——

Metal-
yariiletken
arayuzeyi

Metaliz-

asyon

Numerik ve
teorik analiz




Ar-Ge Turlerinin Karsilastiriimasi

Temel/Uygulamali arastirma

Yuksek verimlli gunes hucresi gelistirme

Karbon nanotuplerin ozelliklerinin atomlarin
yonelimine gore degisimi

Nanoparcaciklarda kuvantum etkileri

Garafen malzemesinin optik ve elektrik
ozelliklerinin anlasiimasi

et TiBiTAK

Deneysel gelistirme

Hucrelerin dusuk sicaklikta test edilmesi
(Rutin olgum niteliginde)

Karbon nanotuplerin dayanim testleri (Rutin
olcum niteliginde)

Kuvantum etkilerinin kullanildigi
uygulamalarin arastiriimasi

Yuksek miktarda grafen uretilmesi



Ar-Ge Niteligi Tasimayan Calisma Ornekleri & \O

“r i TUBITAK

Sadece veri toplama ve/veya durum tespitine yonelik calismalar
Rutin egitim programlari/materyal hazirlanmasina yonelik calismalar
Rutin yazilim gelistirilmesine yonelik calismalar

Piyasa arastirmasi/rutin endeks olusturulmasina yonelik calismalar

U O 0O 0 O

Kuram, metodoloji, konu, kapsam, arastirma sorulari, hipotezler vb. hususlarda niteliksel
degisiklik yapilmadan daha once yapilan arastirmalarin benzerlerini yapmaya yonelik

calismalar

L

Sozlik/ansiklopedi/envanter, katalog/veri tabani olusturulmasina yonelik calismalar
d Tamamlanmis arastirmalari, baska mekanlarda veya baska denek gruplarinda

tekrarlamaya yénelik calismalar
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Ar-Ge ve Yenilik &

1 Ar-Ge, bilgi uretmek ve olusan bilgi birikiminin yeni uygulamalarda (urun,
surec¢) kullanmak faaliyetidir.

4 Yenilik, bir fikri, gelistirilmis, iyilestirilmis yeni bir urune veya surece
donusturmeye yonelik bilimsel, teknolojik, mali ve ticari faaliyeti ifade eder.

O Uriin yeniligi, kisaca, teknolojik acidan tamamen yeni bir Urini ya da
malzemesi, bilesenleri veya islevleri acisindan onceki kusagina gore teknolojik
farklar iceren bir urunu tanimlar.

U Sure¢ vyeniligi (Uretim yontemlerinde vyenilik) ise geleneksel Uretim
tesislerinde uretilemeyen, yeni ya da gelistirilmis urtnlerin uretiimesinde veya
halen uretiimekte olan Urunlerin yeni tekniklerle uretiimesinde kullanilan
yontemi ifade eder.



Uriin Yeniligi Simiflandirmasi &

Firmada mevcut bir Grintn yeni modellerinin gelistirilmesi
Firma icin yeni bir Grun gelistirilmesi

Firma icin yeni bir Grin platformu gelistirilmesi

Ulke icin yeni bir Grin gelistirilmesi

Dlnya icin yeni bir tGrun gelistirilmesi

./ &/ &/




Uriin ve Siireg Gelistirme &

s =5 TiRITAK

O Yeni urun gelistirilmesi

O Uriin kalitesi veya standardinin yuikseltilmesi

Uriin Gelistirme

O Maliyet dusurucu ve standart yukseltici yeni tekniklerin gelistirilmesi

O Yeni uretim teknolojilerinin gelistirilmesi

Surec Gelistirme




Desteklenen Ar-Ge ve Yenilik Asamalari

1. SAFHA

Kavramsal Tasarim

iIl. SAFHA

Teknoloji Gelistirme

Bu safhalar iceren projeler desteklenmektedir

Ilil. SAFHA
Jretim ve Pazarlama

Uretim Tesisi

NN S

Yor.atim

M-.steri ve Pazar Bu.ma

atirim ve Pazarlama asamalan
desteklenmemektedir.




Uriin ve Siirec Gelistirme Projeleri @

Mt TiBiTAK

1 Sirecin getirecegi olctlebilir farklar anlatiimalidir.
Ornegin; Bakteri sayisinin 3 log diisiirilmesi, Giretim hizinin 3 adet/dakikadan
4 adet/dakikaya cikarilmasi, glirllti seviyesinin 3 dB dustrilmesi, enerji tiketimin
%10 azaltilmasi.

A Olcilemeyen parametreler kullanilmamalidir.
Ornegin; daha iyi, daha hizli, daha kiiciik boyutlu, daha hafif vb.

1 Piyasada benzer Urilinler varsa, projenin yenilikci yonleri bu Uriinlerle
kiyaslanmalidir.




Uluslararasi Ar-Ge ve Yenilik Projesi (Ornek)

Odaklanmis Gunes Isigl Kullanilarak Termal ve Fotovoltaik Glines Enerjisi Sistemi Gelistirilmesi

Yenilik: Ayni sistem icinde 1s1 ve termal enerji Uretimi

Energy
Storage

Power
Electronics

Controller

Co-Generation
Absorber Module PV Charge
Thermal Controller
1 "
Collector E. \ Sriinit
Fluid % Y DC
Channel S - J
Heat Sink e o et thermal
Si-based
cPv-Cell
Vacuum Glass Tube Parabolic
Trough
Collector

Low-Cost Injection

W Pumps and i

v

Molding Support A
Structure* gb q—r\
Tracking
System

>
Auxtliaries)

Heat from

Possible Industrial Application

Gme @M ety

CSP Collector

__ Return

145

Buffer /
Heat

-

Storage

Absorption
Refrigerating
Machine

Figure 1: Possible application of the ECOSun parabolic trough concentrator with Co-Generation
Absorber Module (CAM). (*Similar industrial manufacturing processes such as thermoforming or

extruding may also represent a viable solution.)

Katilimcilar : Tlrkiye’den bir teknopark firmasi
(KOBIi), ODTU-GUNAM, Graz Universitesi,
Avusturya, Barcelona Politeknik Universitesi,
ispanya, Almanya’dan bir KOBI.

IiTECH
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Arastirma Sorusunun Olusturulmasi e

Vi THBITAK

Arastirma problemi ve sorusunun ozellikleri nelerdir?
= Anlamli, ilging¢ ve glincel

= Onemli/yararh

= Actk ve anlasilir

= QOrijinal

= Yapilabilir/¢oziilebilir

= Etik

Hipotez, bir iddiadir. iki veya daha fazla degisken arasindaki iliskinin ne
oldugunu/olacagini ifade eder. Bir problemin ¢6ziim onerisidir.

Arastirma sorusu hipotezin soru halidir.



Arastirma Sorusunun Olusturulmasi

Arastirma
Problemi

Arastirma
Sorusu

Gunes hucrelerinin
veriminin
artirilmasi

Gunes hucrelerinin
verimi nasil artirthir ?

A malzemesi daha
lyi sonug verir mi ?

X tasarimini
yaptigim aygit
geometrisi daha iyi
sonug verir mi?

Arastirma
Amaci

A malzemesinin
optik ozellikleri daha
lyidir. Eger o
malzemeyi
kullanirsam daha iyi
sonu¢ alirm.

X tasarimi sonuclar
daha iyi yapacaktir.

A malzemesini ve X
tasarimini kullanarak
gunes hucrelerinin
verimini artirmak.




Proje Onerisinde Olmasi Gereken Ozellikler (Igerik Agisindan) e

"aai e TOBITAK

1 Arastirma problemi, hipotez ve amac net bir sekilde ve 6z olarak ifade edilmelidir.
O Gereksiz kitabi bilgilerden kacinilmalidir.
1 Projenin 6nemi giiclt bir sekilde vurgulanmalidir.

M Projenin bilimsel ve teknolojik mikemmeliyeti; glincel literatlir 6zeti/patent/faydali model/pazar
arastirmasi ile desteklenerek sunulmali ve literaturtin projenin amaci ile iliskisi izah edilmelidir.

M Projenin kapsami ve sinirlari acik bir bicimde ifade edilmelidir. Belirsizlik yaratan ifadelerden
kacinilmalidir. (Ornegin; «Bu projede Al, Cu, vb. metaller incelenecektir»)

M Projenin yontemi mimkiinse gorsel 6gelerle beslenerek ayrintili olarak aciklanmalidir.

1 Proje organizasyonu, olabiligince ayrintil bir sekilde verilmeldir. (Kim, neyi, ne zaman yapacak?)



Proje Onerisinde Olmasi Gereken Ozellikler (Bigimsel) e

Vi THBITAK

d Dokiiman terminolojik olarak tutarli olmalidir. Her yerde ayni notasyon, ayni Uslup ve ayni
tanimlamalar kullaniilmahdir.

O Kullanilan dil akici ve anlasilir olmalidir. Muglak ifadeler olmamalidir.

d Akademik etik kurallarina uyulmalidir

d Yazim hatalari, tutarsizlik, hesaplama hatalari bulunmamalidir.

[ Dokiimanin tamaminda ayni yazi sekli, font tiirl ve font buytkIGga kullaniimalidir.

1 Sekil ve tablolar yiksek coziintrlikte sunulmali ve sayfa gecislerinde bolinmemelidir.

3 Sekiller mimkiin oldugunca orijinal olmalidir. Internetten kopyalanan sekillerden kacinilmalidir.

@ Ozel notlar ve isaretler olmamalidir.
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Basvuru Formu Bolumileri

SECTION 1: SCIENTIFIC/TECHNOLOGICAL EXCELLENCE ....ousussssasasassssasssssnssssssasasssssnasasns,

1.1 A5 AND OBIECTIVES OF THE PROJECT tieisiiiiesirimcsrenisrmssssmssssnssssnsnsnssssnnsssnsssnssssnnsnsnns
1.2 STATE OF THE ART ..
1.2 ScienTiFic QuaLTy, |I'~.INDUATIDN PDTENTmL AMD CDNTRIBUTIDN
SECTION 2: METHODOLOGY svvvrseessrsrmssnssssrsrsnsasssssssssssssssssssssssssssssssssssssssssssssssnsssnssssnsen:
SECTION 3: PROJECT MANAGEMEMT .ueeererrsmsassssssssassssssssasssssssssssssssssnssnsssssnssnsssnsnssnsan:

3.1 Work PLAN..
3.2 Work F'At:mGES
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Projenin Amag ve Hedefleri (Aims and Objectives of the Project) ja@

\\\\\\

1.1 Aims and Objectives of the Project

(~ 1-2 page)
Please describe the aims and scientific/technical objectives of the project in detail with clear and

brief statements. The objectives should be measurable, realistic and achievable within the duration

of the project.

* Projenin amaclari ve bilimsel/teknolojik hedefleri tanimlanmalidir.
* Projenin hedefleri gercekei, 6lclilebilir ve proje siiresince ulasilabilir olmalidir.




Projenin Amac ve Hedefleri (Aims and Objectives of the Project)

1.1 Aims and Objectives of the Project
{~1-2 pags]
Plegse describe the aims ond scientific/technicol objectives of the project in detail with clear ond
brief statements. The objectives should be measurable, realistic and achievable within the durgtion
of the project.

i+5 TOBITAK

* Projenin amaglari ve bilimsel/teknolojik hedefleri
ne duzeyde tanimlanmistir?

* Projenin hedefleri ne olgcide gercekei, olcllebilir
ve proje suresince ulasilabilirdir?

Ornek- BiHebSi Projesi

1.1 Aims and Objectives of the Project

The aim of this project to find a way to produce “black Silicon” double surface with low defect

Nowadays Silicon is predominantly used in solar cells manufacturing due to its availability and
relatively low cost. The current efficiency record of Si solar cells is 26.7%,[1] which is already quite
close to Shockley-Queisser theoretical efficiency limit of 30%.[2] Further development of
photovoltaics requires to increase the total energy generated by modules, which could be achieved

density located at the interface, which could provide excellent optical properties and passivation by

thin wide gap emitter grown at low temperature. Combination of black Silicon and heterojunciton
solar cell technology with bifacial design could potentially increase solar cell efficiency especially in

the case when angle dependence does matter. This combined design represents a novel and original

not only by photovoltaic conversion efficiency growth but also by reduction of the reflected light at

wide angular range as well as by capturing the reflected and diffused light by back side of the

module. Thus, new concepts and approaches should be explored. One of the promising paths for
photovoltaic development is the usage of micro- and nano-structured surface of Silicon. Due to high
refractive index Silicon reflects a lot of incident light being undesirable for photovoltaic application.
Conventionally, dielectric films are used for the reflection decreasing (antireflection coating).
However, this approach works only in a narrow region of wavelengths and incident angles. Another
way supposes the usage of submicron texture on Silicon surface known as “Black Silicon”. Unlike the
antireflective coating it has a wide spectral range as the incident angle range. Black Silicon has a
strong optical absorption in a wide spectral range from 250 to 2500 nm. The IBC solar cells with

black Silicon top antireflection surface achieve an efficiency of 22.1%[1] Also, the non-doubt
adivantana Af ciirh calar ralle e hidranhahicihi and hartarialamical racictanca hirh will hala tham

Arastirma problemi tanimlanmis

approach having a strong potential for practical applications. Negligible reflection losses and
significant scattering allows one to reduce the thickness of the Silicon wafers used that in
combination with low thermal budget leads to decrease of the production price.

The main goal of the project is to develop theoretical and practical bases for development of high

efficiency solar cells using Silicon heterostructures with advanced optical properties. It is a complex
task, which requires an interdisciplinary consortium capable of addressing all relevant issues from
simulation of device design and basic research of plasma interaction with Silicon surface up to
device fabrication. Also a collective effort focusing on physical and chemical aspects of the defect
formation at the interfaces is absolutely necessary to reach ambitious technological goals of the
project. In this proposal we suggest therefore a bilateral cooperation between the Middle East
Technical University - Center for Solar Energy Research and Applications (METU-GUNAM) and the
Saint Petersburg Academic University of the Russian Academy of Sciences (SPbAU), where partners
have a significant experience in the fields eterojunction devices physics (SPbAU) and Silicon
photovoltaics device fabrication (METU-G&

Projenin amaci net bir sekilde verilmis




Gelisme Durumu (State Of The Art)

1.2 State of the Art
(~ 1-2 pages)

TUBITAK

Please describe the current national and international state of the art in the domain addressed by
the project (present a literature review including, if applicable, patent/utility model/market research
relevant to the project). All necessary references should be given in Section 7.

Proje konusunun ilgili oldugu alandaki ulusal ve
uluslararasi gelisme durumu (state of the art),

arastirmalari yapilarak aciklanmalidir.

literatlr taramasi/patent/faydali model/pazar

1.2 State of the Art

Black Silicon could be produced by different methods including metal assistant chemical etching
(MACE) and dry plasma etching. MACE leads to random texture Silicon surface formation. First a thin
layer of metal deposited on the surface. Next the structure is immersed in solution containing HF
and oxidizer like hydrogen peroxide. Silicon etching occurs only in those places where silver is
placed. Using of photolithography along the MACE method could form ordered patterns on Silicon
substrate. In ref [4], it was shown that the reflectance exponentially decreases with the graded layer
thickness. According to the calculations [4] for the wavelength of 400 nm the reflectance from the
Silicon with the 136 nm of graded layer reaches of 1% from the polished Si wafer. For the deeper
thicknesses the typical value of less than 0.1% is observed [5]. However, for the MACE method due
to high nanopores quantity high recombination losses are observed. This affects the open circuit
voltage of the solar cell significantly. The best results did not exceed 646 mV. [6].

Black Silicon could be fabricated by dry plasma process. For the first time black Silicon was obtained
unintentionally during reactive ion etching (RIE) of Silicon [7]. In 1997 the first solar cell based on

black Silicon with efficiency of 17.1% was fabricated by RIE [8]. However, minority carriers lifetime

Kapsamli bir literatur 6zeti verilmis

[1] S.K. Srivastava, D. Kumar, Vandana, M. Sharma, R. Kumar, P.K. Singh, Sol. Energy Mater. Sol.
Cells. 100 (2012) 33.

[2] E.P. Ivanova, J. Hasan, H.K. Webb, G. Gervinskas, S. Juodkazis, V.K. Truong, A.H.F. Wu, R.N. Lamb,
V.A. Baulin, G.S. Watson, J.A. Watson, D.E. Mainwaring, R.J. Crawford, Nat. Commun. 4 (2013) 1

[3] C. 1l Yeo, J.B. Kim, Y.M. Song, Y.T. Lee, Nanoscale Res. Lett. 8 (2013) 1

[4] Branz, H.M., et al., Applied Physics Letters, 2009. 94(23)

[5] Pei, T.-H., S. Thiyagu, and Z. Pei, Applied Physics Letters, 2011. 99(15): p. 153108.

[6] Jura, M.P., et al. in Photovoltaic Specialist Conference (PVSC), 2014 IEEE 40th. 2014

[7]1 H. Jansen, M. De Boer, R. Legtenberg, M. Elwenspoek, J. Micromechanics Microengineering. 5
(1995) 115

[8] Inomata Y., Fukui K., Shirasawa K. // Sol. Energy Mater. Sol. Cells. 1997. Vol. 48, Ne 1-4,
P.237

[9] M.5.S. Maksym Plakhotnyuk, Rasmus Schmidt Davidsen, O.H. Radu Malureanu, Eugen Stamate,
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Projenin Bilimsel Kalitesi, Yenilik Potansiyeli ve Katkisi
(Scientific Quality, Innovation Potential and Contribution)

1.3 Scientific Quality, Innovation Potential and Contribution

TUBITAK

(~1-2 page)

methodological/conceptual/theoretical contribution to the related scientific and technological area,
highlighting the expected progress beyond the state of the art.

Please describe the scientific quality and innovation potential of the project as well as its °

Projenin bilimsel kalitesi, yenilik potansiyeli ve bilimsel ve
teknolojik katkisi aciklanmalidir.

Proje ilgili alanda mevcut gelisme durumunun otesinde
sunacag! katki aciklanmalidir,

Bu katkilarin gercekciligi ve 6nemi tartisiimahdir.

1.3 Scientific Quality, Innovation Potential and Contribution

One of the key factors affecting the efficiency of solar cells is the optical losses related with
reflection and incomplete absorption in the active layers of a semiconductor material. Traditionally
optical losses are reduced by use of antireflection coatings (ARC) and the formation of textured
surfaces, which for Si wafers of (100) orientation is produced by anisotropic wet etching, leading to
the formation of micron-sized pyramids. ARC provide minimal reflection in a narrow spectral range,
which expansion requires the use of several layers. But the main disadvantage of this approach is
the strong dependence of the reflectance on the angle of incidence of solar radiation. Textured
surfaces could somewhat reduce the angular dependence, but due to the ordered geometric shape
of the pyramids, whose faces lie in the (111) plane, the reflection coefficient still depends
significantly on the angle of incidence. Since in the most of photovoltaic power plants the modules
are fixed (without sun tracking systems), an increase of the reflectance when the angle of incidence
deviates from the normal leads to a decrease in the total energy production, both daily and annual.
More light could be converted by bifacial solar cells due to capture of the reflected and diffused
light by back side. However in this case the angular range of the minimal optical losses should be
extremely wide to provide effective conversion of the diffused light.

Projenin onemi, kalitesi ve literature katkisi anlatilmis

Ornek- BiHebSi Projesi

Thus, the basic and applied research will be carried out due to joint efforts of the both partners,
which have a significant experience in the different field of knowledge as well as access to the
unique equipment. The contribution of the project results to physics and technology of
semiconductors is supposed to be beyond the considered problem of black silicon heterojunction
fabrication. The methodology of the defect study for nanostructured surface and heterojunctions,
which will be developed based on space charge capacitance measurements and theoretical study
including computer simulations, is of great interest for study of wide variety of objects like
nanowires, nanorods, pillars, textured surface, etc. The study of defect formation physical and
chemical aspects as well as development of low damage dry etching technology could have practical
application for nano- and opto-electronics. The developing method of atomic-layer deposition of
doped layers of a wide-gap semiconductor on the nanostructured surface may he also used for
fabrication of different electronic devices.




Yontem (Methodology)

Section 2: Methodology
(~ 1-2 page)

Section 2: Methodology

Please explain the scientific and technological methodology and research technigues (including data
collection techniques, tools and data analysis methods) to achieve the objectives of the project. Be
specific and ovoid general descriptions. Describe experience or preliminary results showing
feasibifity.

* Proje kapsaminda uygulanacak yontem ve arastirma
teknikleri, projenin amaclarina ve hedeflerine ulasmak
icin uygulanabilir ve glivenilir olmalidir.

General process flow is shown in Figure 1 for black Si HJ solar cells. The process flow starts with
surface modification of Si wafer resulting black Si. Two various approaches will be investigated in the
scope of this project by partners; RIE by GUNAM and dry ICP-RIE and cryo-ICP by SPbAU. One of the
crucial step is to decrease interface and bulk defect densities on Si after formation of surface
texturing. It is possible to remove damages either bulk or surface caused by plasma etching with the
help of lifetime recovery techniques.

Single side surface modification

Standard surface cleaning
Intrinsica-Si:H deposition (front)

ITO

p-a-Si:H
Intrinsica-Si:H deposition (back) i-a-Si:H
Rear side n asi:H
Emitter p aSi:H
Front and rear ITO deposition
i-a-Si:H
Screen printing front and rear n-a-Si:H
ITO

Characterization

Figure 1. Process flow and cross-sectional view of black Si HJ solar cells.

Solar cell production

For the passivation of a developed silicon surface, it is supposed to use thin layer of a-Si:H deposited
by the direct plasma PECVD method (13.56 MHz) at the temperatures of 200-250 °C. [36]. By varying
the plasma power and the ratio of SiHs/H, gas flows, crystallinity of the deposited silicon layer can
be changed which is affect to passivation quality. In addition to chemical passivation of dangling
bonds, layer a-Si:H will make it possible to create selective contact for electrons or holes. For
passivation study of black Si, double side etched Si wafer will be used and passivated by symmetrical
a-Si:H deposition as shown in Figure 4. On flat Si wafer, GUNAM has achieved 4ms effective lifetime
values by 7nm i a-Si:H coating resulting 740mV impVoc value.

ia-Si:H

n type Si wafer

i a-Si:H

Figure 4. Cross-sectional view of passivation samples.
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Yontem - Akis Semasi

WP 1: . WP 8:
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Module efficiency

' m Cell efficiency

WP 5: CoO & LCoE 1 = Functionalized mc-Si; 2=Functionalized CZ-Si; 3=Functionalized F2-Si



Proje Yonetimi (Project Management)

Section 3: Project Management

3.1 Work plan|
(~ 2-3 page)

Provide a work-time schedule using the following Gantt chart. A graphical presentation (Pert chart or similar) which shows inter-relations of different work
packages (WPs) is also expected. Literature review, preparation of progress and final reports, dissemination activities, writing articles and purchasing of any
material to be used during the project should not be a separate WP,

Describe the organizational structure, the management structure and the decision-making.

Work-Time Schedule (Gantt chart)

we | we Year 1 Year 2 Year 3

No |Name | 1|2 |3(4|5|6|7|8|9|10|11|12|13|14 |15|16|17 (18|19 |20|21|22|23 |24 |25 |26 |27|28|29 |30 |31|32|33|34|35 |36

Use as many rows and columns as needed

* Proje kapsaminda yurutulecek faaliyetler icin dngorulen is-zaman planlamasi ve
yonetim yapisi gercekgei, iyi organize edilmis ve uygulanabilir olmalidir.

TUBITAK



Proje Yonetimi - Is-zaman Cizelgesi

Gergekgi Degil!

wp

Responsible Team

Year 2 Year 3
13(14(15(16|17|18|19|20|121|22|23|24|25|26(27|28(29(30(31(32(33(34(35|36
Mantikl — Gergekgi .
Year2 Year 3

34

35

)

WP Name Member (with
No
roles)
11 Black Si formation by dry | METU-GUNAM
) ICP-RIE and SPbAU
12 Black S:i formation by SPbAU
cryogenic ICP
2 Defect study SPbAU
21 Lifetime recovery by wet|SPbAU ) and
" | chemistry METU-GUNAM
22 Lifetime recovery by|SPbAU ) and
" |thermal treatment METU-GUNAM
3 Surface passivation SPBAU - and
METU-GUNAM
4 Formation of doped a-|METU-GUNAM
Si:H and TCO layers and SPbAU
5 Metal contact formation | METU-GUNAM
6 Black Si HJ solar cell SPbAU ) and
fabrication METU-GUNAM




Proje Yonetimi — Is Paketleri

3.2 Work Packages

Provide a description of each work pockage (templates provided).

(Up to I page per WP)

1= 10% 10
month | month months

Start End | Duration

Contribution of project partners

WP1 WP Title Date Date | [(months)

Partner number’ 1 2 3 4 5 6 7 8

Contribution of project partners

Partner number’ 1 2 3 4
Total effort per
partner
[Person-months)®
Objectives

Please provide a general description of the work to be undertaken (including methods to be gpplisd
where appropriate), identify the partners involved and specify their contributions.
Interdependence with Other Work Packages

Please describe the interdependencies between the present work pgckage with other work pockages.
Tasks
T1.1 | Task title (Start month — end month; Responsible partner; Involved partner(s))

Total effort per 16 20
partner
(Person-months)
Objectives

The work package consists of two sub work packages: formation of black Si surface by dry ICP-RIE and
cryogenic ICP. The two methods will be investigated under different etching condition resulting low
reflectance with black Si surface. METU-GUNAM team has dry ICP —RIE system and SPbAu team has
both dry ICP-RIE and cryogenic ICP. Both teams will be responsible from WP1.1 Black Si formation by
dry ICP-RIE and SPbAU team will responsible from WP2.1 Black Si formation by cryogenic ICP.

METU-GUNAM: dry RIE, ICP
SPbAU: dry RIE- ICP and cryo ICP (Oxford Plasmalab 100 ICP)

Please provide a general description of the work to be undertaken (including methods to be applied
where appropriate), identify the partners involved and specify their contributions.

Description of work and role of participant

T1.2 | Task title (Start month — end month; Responsible partner; Involved partner(s))
Description of work and role of participant

Interdependence with Other Work Packages

The WP1 is the starting point of the project. Black Si surface formation will be optimized in this work
package. All other WP is related with WP1.

«Adam/Ay» orani bir
personelin bir ay icinde
projeye ayiracagl zamandir ve
0-1 arasinda olmalidir. Toplam
«adam-ay» degeri ise
adam/ay oraninin c¢alisilan ay
sayisi ile carpimidir.

Tasks

Add as many lines as needed

T1.1 | Formation of black Si Surface by dry ICP-RIE (1** month — 10* month: Responsible partner:
METU-GUNAM:; Involved partner: SPbAU)
Development of the etching technology with required geometry, which provides required
optical properties by dry ICP-RIE technique. Study of the etching conditions influence on
geometry. Study of the optical properties (reflectance, scattering).

Deliverable | Month of | Title of deliverable
delivery
Di1.1
D1.2
Add as many lines as needed

Use as many WP templates as needed

Work package overview: Total effort per WP and pariner (Person-months)

T1.2 | Formation of black Si surface by cryogenic ICP (1* month — 10" month: Responsible partner:
SPbAU)
Development of the etching technology with required geometry, which provides required
optical properties by cryogenic ICP technique. Study of the etching conditions influence on
geometry. Study of the optical properties (reflectance, scattering). SPbAU team has already

Partner WP1 Wp2 WP3 Wpra WP5 WP& Total - | ) : ) ’

Number preliminary results showing more applicable etching profile compared to bulk damages on Si
substrate.

1 Deliverable | Month of | Title of deliverable

2 delivery

3 D1.1 10 | Black Si substrates by ICP-RIE

4 D1.2 10 Black Si substrates by cryo ICP

Total Add as many lines as needed

Use as many lines and columns as needed

* Projede 6ngorilen is paketleri projenin amag ve ciktilarina
uygun, uygulanabilir, 6l¢ulebilir ve izlenebilir olmalidir.

TUBITAK




Proje Yonetimi - Kilometre Taslari, Basari Kriterleri ve Risk Yonetimi

3.3 Milestones, Success Criteria and Risk Analysis

(™ 1-2 pages)
Please provide a list of milestones, success criteria and potential risks (templates provided).

List of milestones

Milestone | Delivery WP Title
month involved
M1
M2
M3

Use as many lines as needed, but try to limit the number of milestones

Success Criteria
The success criterion describes the criterion for each WP to be considered successful. The success
criterio should be measurable and monitarable.

WP Objective Success Criteria Importance of the WP for the
of WP (%, number, statement etc.) Success of the Project (%0)

WP1

WP2

WP3

Use as many lines and columns as needed
The sum of percentages in the “Importance of the WP for Success of the Project” column should be

100.

Risk analysis
The risks that can affect the success of the project negatively, their potential impocts and
corresponding mitigation plans should be described. Risk Reduction Plan should be in line with the
main objectives of project.

Risk description

Probability® Impact Risk Reduction Plan

3.3

Milestones, Success Criteria and Risk Analysis

Please provide a list of milestones, success criteria and potential risks (templates provided).

List of milestones

Milestone | Delivery WP Title
month involved
M1 10 WP1 Black Silicon surface
M2 26 WP2, WP3 Passivated Black Silicon Substrate
M3 36 WP4, WP5, | Black Silicon heterojunction solar cell
WP6

Use as many lines as needed, but try to limit the number of milestones

Success Criteria
The success criterion describes the criterion for each WP to be considered successful. The success

criteria should be measurable and monitorable.

WP Objective of WP Success Criteria Importance of
(%, number, statement etc.) the WP for the
Success of the
Project (%)
WP1 Formation of black Si surface by Average weighted reflectance 20 %
dry plasma process below 2 %
WP2 Get inside into defect formation Lifetime recovery to 90% of initial 40 %
and find elimination methods of value
these defects
WP3 Obtain high quality passivation Passivated black Si wafer lifetime 40 %
above 1 ms
WP4 Develop technology of doped Fermi level position related to the 20 %
layers deposition on black silicon nearest band for n- and p- type a-
surface Si:H 0.3 and 0.4 eV, respectively.
Resistivity of TCO < 10 Ohm cm
WP5 Contact metallization development | Contact resistivity as low as 107 10 %
Ohm cm?
WP6 Solar cell fabrication and analysis Solar Cell Efficiency of 20% and 30%
of further improvement above

Projenin kilometre taslari (milestones) ve basari kriterleri

gercekei, Olculebilir ve izlenebilir olmalidir.




Proje Yonetimi - Risk Yonetimi

S ENY i
T %
ix 5
5 3 9
*[3| - -.;‘
| y

Ty
b il

WP No Main Risks Plan-B
1 i-a-Si layer does not provide the Very thin layer of chemical oxide will be
targeted surface passivation studied as an alternative passivation layer
1 Desired quality of MoOx, NiOx, TiOx Thermal evaporation of these layers will be
will not be attained using sputtering | studied. As a second alternative, ALD will be
utilized to fabricate these layers.
1 DASH cell is not efficient enough To show the potential of tandem cells and
CZT, as a last option (plan Z), semi-DASH cells
with one side having doping to create field
effect passivation will be developed with the
targeted efficiency.
2 Zn loss from poly-CZT upon CdCl> Tune CHT parameters & explore in-situ Cl
(activation) anneal treatment (CHT) doping and mild-anneal activation
3 Oxide TCE/grid contacts reduce Post deposition treatments (annealing,
performance via Schottky barrier chemical modification) will be utilized for
formation, parasitic absorption both oxide based and /nanowire based TCEs
4 Having trouble in mechanically Tandem solar cell efficiency measurement
stacking solar cell procedure described in ref. 44 will be used. In
this method, both cells are measured
individually. Yet, solar spectrum of the
bottom sub cell is modified based on the
transmission spectrum of the top sub cell.
5 Too large volume in light trapping Simulations will be performed in TUBITAK’s
simulations of random structures cluster. As a second option, we will consider
carrying out 2D simulations. This will work for
structures without surface roughness.
6 Lamination of modules reduce Help will be asked to companies provided
performance support letter: iTechSolar and GTC
7 Outdoor testing No risk is anticipated in this task
7 cost analysis and life cycle LCA analysis will be started by taking LCA
assessment LCA values (i.e.) of MoO,, values of materials used produce them
TiOx cannot be found

Projenin basarisini olumsuz yonde etkileyebilecek riskler ve
bu risklerle karsilasildiginda alinmasi dngortlen tedbirler (B
Plani) gercekgi ve uygulanabilir olmalidir.

Projenin arastirma sorusu ve/veya hipoteziyle ilgili
yasanabilecek riskler dikkate alinmalidir (elektrik kesilmesi,
cihazin bozulmasi...vb hususlar risk olarak
degerlendirilmemelidir).

B planina gecgilmesi durumunda projenin  temel

hedeflerinden ve bilimsel/teknolojik mikemmeliyetinden
sapilmamalidir,

Projenin vyurutilmesi ve proje ciktilarinin ticarilesmesi
sirasinda karsilasilmasi olasi teknik, mali, idari ve hukuki
riskler ongoridlmeli, bunlara yonelik onleyici tedbirler ve
risklerin gerceklesmesi halinde yapilacaklar planlanmalidir
(Ornegin; yurtdisindan malzeme tedariginde yasanabilecek
problemler, tasarim degisiklikleri sebebiyle olusabilecek
gecikmeler, proje personelinin isten ayrilmasi, yasal bir
takim izinlerin alinma zorunlulugu, patent ve fikri mulkiyet
haklari ile korunan benzer Urinler gibi)
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Importance Of International Collaboration
(Uluslararasi Isbirliginin Onemi)

4.1 Expertise and role of each partner

Describe each partner in the project by using the template below.

(max. 1 page per partner)

Partner n (1,2,3 etc.) Organisation Full name

Expertise

Expertise of the partner’s project team related to the objectives of the project.

Provide a brief CV of the principal investigator highlighting research experience and list the 5 most
impaortant publications of the last three years.

TUBITAK

4.3 Description of significant facilities and infrastructure available to the
partners
(~ 1 page)
s Please list the facilities/infrastructure (laboratories, testing environment, equipment,
software etc.) of each partner and their purpose of use in the project.
s For projects aiming new product development, please specify the sufficiency of relevant
partners’ infrastructure for new product development and design.

Purpose of Use
During the Project

Partner

Description of facilities/infrastructure
Number

1

2

3

Role in project

4

Use as many templates as needed

4,2 Added value of the collaboration
(~1 page)

ller as manv lines ns needed

4.4 Management of Intellectual Property
(™% page)

s How the partners complement one another in terms of necessary expertise, technology and
other resources? Describe the added value of the consortium as a whole (including
complementarity, balance).

s Please explain the necessity and importance of implementing the project with international
collaboration.

s [f the technology transfer between the partners is foreseen, please explain how it will be
accomplished.

o Please specify the project output(s) which might be subject to registration of patent, utility
maodel and industrial design.

s Describe the management of intellectual property rights (A global consortium agreement is
strongly recommended to be prepared to manage the intellectual property rights,
publication and exploitation plans, as well as management rules between the partners).

* Projenin gerceklestirilmesi icin uluslararasi isbirliginin gerekliligi aciklanmalidir,




Uluslararasi Isbirliginin Onemi - Ortaklarin Uzmanlhiklan ve Rolleri

4.1 Expertise and role of each partner
Describe each partner in the project by wsing the tempiote below.

P
(max. 1 poge per partner)

Partner n [1,2,3 etc.] Organisation Full name

Expertise

Expertize of the partner’s project team related fo the objectives of the project.

Frovide o brief CV of the principal investigotor highlighting research experience and list the 5 most

impartant publications of the last three years.

Role in project

U=e as many templigtes as needed
Section 4: Importance of International Collaboration

4.1 Expertise and role of each partner

* Projede ortaklar arasinda gorev ve sorumluluk dagilimi
dengeli ve dogru planlanmis olmalidir.

* Proje ekibi, projenin kapsadigi faaliyet ve disiplin(ler) dikkate
alindiginda projenin basariyla gerceklestirilmesi icin nitelik
ve nicelik yoninden yeterli ve uygun olarak secilmelidir.

Partner 2 Saint-Petersburg National Research Academic University RAS

Partner 1 Organization Full name
Middle East Technical University- Center for Solar Energy Researh

and Applications (METU-GUNAM)

Expertise:
METU-GUNAM'’s Silicon PV Technologies Group has been showing a great effort to develop these
technologies and its sub-fields by national resources and opportunities since 2009. In the last 5
years, with its METU-GUNAM has been capable of producing industrial-size solar cells having the
dimensions “156 mm x 156 mm” and the efficiency value around %20. In Turkey, METU-GUNAM is
the leading institution in the field of industrial c-Si solar cell production. The required materials
and processes of solar cell development like surface passivation, doping, metallization etc. can
completely be carried out by METU-GUNAM. To increase the efficiency values of commercial c-Si
solar cells, the group researchers are focused on the development of this field’s new solar cell
technologies as below:

e PERC (Passivated Emitter Rear Cell/Contact)

¢ TOPCon (Tunnel Oxide Passivated Contact)

e Bifacial

e HJT (Heterojunction Technology)
Silicon PV group conducts their researches in the two major facilities of METU-GUNAM
infrastructure shown in Figure 2 (Clean Room) and Figure 3 (GUNAM Photovoltaic Line). In these
facilities, a complete process line for c-Si cell fabrication is possible. In particular, solar cells based

Expertise:

Expertise of the organisation related to the project objectives.
For the principal investigators give a brief CV highlighting research experience and list the 5 most
important publications of the last three years

The SPbAU was founded by the Nobel Prize winner academic Zh.l. Alferov as a Research and
Education Centre of the loffe Institute, in order to integrate science and education in the field of
physics and information technologies. Nowadays, SPbAU is an independent self-sufficient
institution in Russian Academy of Sciences. The SPbAU with its technologically advanced
instrumentation for micro- and nano-electronic device fabrication provides a widespread
technological and scientific basis to ensure an appropriate coverage of all needs encountered in
the course of this project. The SPbAU team involved in the project has more than a 15-year long
experience in the field of the simulation, fabrication, testing of pilot PV systems and investigations
of solar devices based on silicon and IlI-V technology. Team is experienced in the field of the
simulation, characterization and growth of Ill — V/IV heterojunctions (GalnP/Ge and GaP/Si). Solar




Uluslararasi Isbirliginin Onemi — Isbirligini

4.2 Added value of the collaboration

(~ 1 page)

How the partners complement one another in terms of necessary expertise, technology and
other resources? Describe the gdded value of the consortium as a whole (including
complementarity, balance).

Please explain the necessity and importance of implementing the project with international
collaboration.

If the technology transfer between the partners is foreseen, please explain how it will be
accomplished.

m\Jm -

Katma Degeri

4.2 Added value of the collaboration

ONEMLI!

Asimetrik isbirligi :
e Ortak ulke grubunun daha gelismis olma
durumu
e Ortak ulke grubunun daha az gelismis olma
durumu
Projedeki bilgi akisinin yoni
Karsi tarafin Gzerine diisen gorevi yapmadigi
durumda...?

The project realizes the advantage of joint work between the Russian and Turkish partners,
complementing each other in areas where they have a significant scientific background. At the same
time, each of the project participants has a mutually complementary unique expensive diagnostic
and technological equipment, which is described in the appropriate section of the application.

The SPbAU team has extensive experience in the experimental study of the photoelectric and
electrophysical properties of photovolaic heterostructures, in particular, defects study and
properties of the interfaces of semiconductor heterojunctions. Russian partner has deep knowledge
in analytical expressions of the semiconductors, optical, electrical properties, and experience in the
cryogenic etching of Si layers and possess excellent PV-materials related characterization methods
that complements proposed concept.

The Center for Research and Applications of Solar Energy (METU-GUNAM) has extensive experience
in the implementation of device structures. Prof. Dr. Rasit Turan and his research group at METU-
GUNAM are currently leading the c-Si based solar cells research and applications in Turkey as well as
in the whole eastern Mediterranean region. They are capable of fabricating c-Si solar cells with
industrial size (156.75 mm x 156.75 mm) with high efficiency. All process steps have been developed
and optimized to reach high efficiency values. Thus, METU-GUNAM has the technology of
manufacturing various high-performance silicon solar cells at the industrial level, which will reduce
the time and financial costs of developing associated technological operations that allows us to
focus on achieving the main task being ensure a minimum level of recombination at the
nanostructured emitter/silicon interface.

Both parts benefit from the bilateral cooperation due to the intensive know-how/technology
expertise exchange in semiconductor physics and material sciences. The combination of versatile
professionals with access to modern expensive equipment in one project is one of the strengths of
this work.

TUBITAK




Uluslararasi Isbirliginin Onemi — Altyapi ve Ekipman

4.3 Description of significant facilities and infrastructure available to the
partners
{(~1ooge)
® Plegse list the focilities/infrastructure (laboratories, testing environment, eguipment,
software etc.) of each partner and their purpose of use in the project.
*  For projects giming new product development, plegse specify the sufficiency of relevont
paortners’ infrostructure for new product develogpment and design.

Partner Description of facilities/infrastructure Purpose of Use
MNumber During the Project
1
2
3
4
U=ze as many lines gs nesded
4.3 Description of significant facilities and infrastructure available to the
partners
Institution Description of facilities/infrastructure Purpose of Use During the Project

e  METU-GUNAM Clean Room-1 ¢ Surface texturing, saw damage
* Wet benches removal, chemical patterning and
e  SEMCO-reduced pressure BCl; and POCl3 cleaning

METU- furnaces e Boron and Phosphorus diffusion
GUNAM |® SEMCO-reduced pressure oxidation ® Si0; as diffusion barrier and
furnace passivation layer
e SEMCO-plasma enhanced chemical ® SiN, as anti-reflection coating

(ARC), passivation and diffusion
barrier layer

e  METU-GUNAM Characterization Lab. ¢ Deposited film thickness and

®  Spectroscopic Ellipsometer refractive index

e Sinton PCD e [Effective lifetime measurements for

vapor deposition system (PECVD)

METU- |4 sinton SunsVoc the optimization of passivation
GUNAM |, Solar Simulator layers
e Scanning Electron Microscope (SEM) ® Voc analysis for the metallized cell

e Reflection, Transmission, External structures

¢ |-V characteristics of the fabricated

TUBITAK

* Proje ortaklarinin projenin yuratulmesi icin gerekli altyapi ve
makine-techizat vb.) bilgileri

ekipman (laboratuvar, arac,
sunulmalidir.

SPbAU

Plasma enhanced chemical vapor deposition
(Oxford Plasmalab 100 PECVD) setup, dry
plasma (RIE or ICP) etching (Oxford
Plasmalab 100 ICP380) setup, magnetron
sputtering and vacuum evaporation (Boc
Edwards Auto 500) setups, clean room
facilities for spin coating and wet chemical
treatment.

Complex of diagnostic devices to study
morphology,  optical and  structural
properties: scanning elector microscope
(SEM) Supra 25 (up to 30 kV), surface
profilometer Ambios Technology XP1, setup
for photoluminescence (PL) and optical
reflection measurement Accent RPM Sigma,
atomic force microscopy (AFM) (BioScope
Catalyst Bruker), Raman spectrometer
Horiba Jobin Yvon LABRAM HR 800 with a
laser excitation at 532 nm.

Equipment for electrophysical
measurements: Hall effect (Ecopia HMS-
3000) CV and admittance spectroscopy (AS)
setup based on RLC-meter Agilent 4980A
(frequency range from 20 Hz to 2 MHz)
liguid nitrogen (80-360 K) and helium (10-
800K) cryostats, an automated setup for
DLTS measurements based on a Boonton-

Technology development

Structural, optical,
characterization

electrical

7200B capacitance bridge.



Uluslararasi Isbirliginin Onemi - Fikri Miilkiyet Yonetimi

25 TiBiTAK

4.4 Management of Intellectual Property

(~ % page)

Please specify the project output(s) which might be subject to registration of patent, utility
model and industrial design. * Projenin fikri milkiyet yonetimi gercekci ve

Describe the management of intellectual property rights (A global consortium agreement is | bili | k blanl Iid
strongly recommended to be prepared to manage the intellectual property rights, uygulanabllir olarak planianmalidir.
publication and exploitation plans, as well as management rules between the partners).

The rights to the results of scientific and technological activities, obtained by the Parties in the
Project, belong to both parties equally or according to a fixed contribution of parties for those
activities, for which both Parties act jointly as an investor and a performer. The Parties will conclude
additional agreements for those activities.

IPR issues - It is highly probable that the proposed collaborative work will lead to patents.
Details of the generated know-how will be kept confidential between partners until joint
(international) patents can be filed and then the research can be presented at conferences or
published. A non-disclosure and a collaboration agreement will be signed by GUNAM and CSER
at the start of the project which will assign terms of the share of IP and responsibilities for
filing and maintaining patent applications. IP developed by one partner will be available to the
other one. Clearly, matters related to record efficiency subcells (WPs 1, 2, 3 and 5) will solely
belong to the centre developing it, whereas IPs developed related to high efficiency CZT/Si
tandem devices and their testing (WPs 4, 6 and7) will be a joint property.




Uluslararasi Isbirligi Icin Onemli Hususlar

Projede yapilacak islerin ayri ayri yapilmasi
Projenin tek tarafli yarar saglamasi

Ortaklarin islerinin birbiri ile iliskili olmamasi,
ya da birbiri ile ayni olmasi

Sirf proje yazmak icin zorlama ve sunni proje
yazilmasi

Projenin taraflardan birisi tarafindan
yazilmasi. Diger tarafin is paketlerinin
gercekci olmamasi

Karsi tarafin altyapisi ve insan potansiyelinin
dikkate alinmamasi

Yapilacak islerin birlikte, ortaklasa yapilmasi
Projenin her iki tarafa da yarar saglamasi

Yapilacak islerin birbirini tamamlamasi, bir
sinerji ve sentez ortaya cikmasi

Eger gercek bir sinerji yoksa, projeyi hic
yazmamak gerekir

Projenin birlikte yazilmasi.

Her iki tarafin potansiyeline ve karsilikli
yarara gore yazilmali




Etki (Impact)

5.1
(~1-2 page)

Expected impacts

Describe the expected impact(s) of the project in relation to the project objectives using the template
below. Wherever possible, use gquantified indicators and targets.

Type of impact

Expected Output, Results and Impacts

Type of impact

Expected Output, Results and Impacts

Scientific/Academic
[#rticle, Proceeding, Part of a book, Book)

It will be of high priority to document the bilateral
collaboration in written papers in international peer-
reviewed journals as well as in oral talks and poster
presentations at national and international
conferences. Journals having high prestigious in the
community such as Solar Energy Materials and Solar

Economic/Commercial/Social/Environmental
[Product, Prototype, Patent, Utility model, Production
license, Process Improvement, Variety registry, Spin-
off/Start-up company, Audiovisual archive, Inwventory
Datzbaze [ Documentation Preduction, Work that can be
copyrighted, Presented in media, Fair, Project market,
Scientific activity [werkshop, training where the results of
the projects to be used), social impact, envircnmental
impact and other common effects),

Far the projects aiming new product development, please

also answer the following questions;

®  Deszcribe the added value that the project will provide
and the contribution of the project output(s) to
partner|s)’ efficiency and competitiveness.

- Explain the commercialization potential =and
domestic/international market share of project
outputls) including = brief comparison with other
potentially competing products or services and its
possibility to replace an imported product.

- Provide a clear and reslistic commercialization plan of
project cutput(s) including the following information:

- Time to market (where relavant)
- Increasze in sales rate

- Increasze in market share

- Breskeven point

ve Olculebilir olmalidir.

arttirma potansiyeli olmalidir.

* Projeden elde edilmesi 6ngorilen cikti(lar) ve etki(ler) dogrulanabilir

* Projede elde edilmesi ongorilen c¢ikti ve sonuglarin toplumsal
sorunlari ¢oézme, ticarilestiriime, ilgili alanda ulkenin yurt disina
bagimhligini azaltma ve/veya rekabet gliciini ve yenilik kapasitesini

arastirmaci yetistirme ve yeni projeler olusturma potansiyeli olmalidir.

f Photovoltaics will be chosen for
am members will participate in
e EU PVSEC, MRS, E-MRS, IEEE
int publications in international

TUBITAK

rnals will be published and 4

ational conferences will be

e course of the project.

s project will have an important
rojunction technologies which is
ive investment options for PV

High efficiency hifacial
ar cells will be realized and
black Si. This is a superior

existing standard solar cells
mmercial market. In both Russia
ompanies investing on solar cell

* Projeden elde edilmesi ongorilen c¢kti  ve  sonuglarin [smereing. These companies are
oe . . . . o achnglogles alj]d. kntc)\.iu—ht:)\r?,r t_o
bilimsel/akademik ve ekonomik/ticari/sosyal fayda saglama, |ctvith the existing companiesin

are ready to take new device
roduction lines immediately. This
erate scientific and technological

TTPETIy TTRET o v
potentially competing preducts or services and its
possibility to replace an imported product.

* Provide your estimations and assumptions for
economic benefit based on the following criteria:

- Time to market (where relevant)
- Increase in sales rate

TOCTTTE & OTTeT

Researcher
Project(s)
[Graduate thesis, National/Internaticnal new project)

Training and Creating New

- Increase in market share
- Breakeven point

knowledge helping us understand black Si which can
be basis for a new class heterojunction Si solar cell.
This novel solar cell concept can be easily adapted
to the industrial manufacturing and thus create an
attention among the PV investors in both countries.
Such an industrial implementation will make both
countries and important player in the rapidly
growing PV market whose value is several billion US
dollars.




Etki- Ekonomik Yarar ve Ulusal Kazanima Doniigebilirligi I

“r i TUBITAK

1 Projenin saglayacagi katma deger, proje ciktisinin ticarilesme potansiyeli,
firma verimliligine ve rekabet glicline katkilari, yurt ici/disi pazar payi
beklentisi ve ithal edilen bir Grtnlin yerini alma olasiligina yonelik bilgiler
hazirlanmaldir.

d Projenin ekonomik getirileri ile ilgili tahminler belirli bir fizibilite
calismasiyla hesaplanmalidir. Yapilan fizibilite calismasi ile ilgili detaylar
Proje Ekinde verilebilir.

J Projede hedeflenen cikti pazara sunulacak bir riin ise; Yurtici ve Yurtdisi
Pazara Cikis Sureleri, Satis Hasilatinda Beklenen Artis ve Pazar Payinda
Beklenen Artisa iliskin Dbilgiler ekonomik fizibilite c¢alismalar ile
hesaplanmalidir.
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Etki- Ekonomik Yarar ve Ulusal Kazanima Doniisebilirligi

J Projede hedeflenen ciktinin bir stirec gelistirme veya iyilestirme ise veya
pazara sunulmayacak firma icinde kullanilacak bir Grin oldugu durumlarda
ise; proje ciktisinin firma verimliligi, maliyet dusutsu, kalite artisi veya rekabet
glict gibi firmaya dogrudan ya da dolayli olarak ekonomik getiri olarak
Olcllebilecek katkilari hakkinda bilgi verilmelidir.

Ve



Etki - Sonuclarin Yayginlastirilimasi ve Kullaniimasi

5.2
(~ % page)

Dissemination and exploitation of results

Please state the program of dissemination and exploitation activities (seminar organization, congress
presentations, public sector oriented conferences, business plan and others, etc.), excluding
specialized publications, planned during the project development. Please clearly explain where and

when these activities will be performed.

Tvoe of Activit Stakeholders and Potential Location, Time and Duration of
» Y Users the Activity
Location, Ti d Duration of th
Type of Activity Stakeholders and Potential Users ocation, fime and LUuration =

Activity

Seminars and invited lectures
will be held by both partner

Academics and students

An-Najah Mational University
12/2021 (two days)

universities. METU
06/2021 (two days)
Awareness workshop for end Public institutions, ministries (spe- METU

Lsers

cially Ministry of Agriculture and
Forestry), municipalities and private
organizations

12/2022 (online meetings|—crne week)

Proje surecinde elde edilecek ciktilarin

planlanmis olmalidir.

ve ulasilacak sonuclarin ilgili paydaslar ve
potansiyel kullanicilara ulastiriimasi ve yayilmasina yonelik 6ngorilen faaliyetler
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T
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Etik Hususlar (Ethical Issues)

Section 6: Ethical issues
(~ 72 page)

Describe any potential ethical issue that may arise during execution of the project.
Describe your strategies to be followed to reduce ethical risk.

Section 6: Ethical issues

We will use of mammalian cells lines (IMCD?3) for cell biology and proteomics experiments. Additionally, we
will use bacterial and expression systems for biochemistry experiments. There are no ethical issues associated

with use of these experimental systems.

Proje kapsaminda etige konu her tiirli faaliyetle ilgili bilgi sunulmalidir. Ornegin, insan

katilimci ve deneklerle yiratilen ¢alismalar (klinik ve klinik olmayan arastirmalar (6rn.

anket)), hayvan deneyleri...vb.




Referanslar (References)

<5 TiBITAK

Section 7: References

Each reference must include the names of all authors, article/journal/book title, volume number,
page numbers and year of publication. If the document is available electronically, the website
address should also be shared.
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VUklen memektedir. crystalline silicon heterojunction solar cell, IEEE J. Photovolt., 4(6), 1433-1435 (2014)
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291 (2016)
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1/features/solar/solar-in-2018-better-technology-record-breaking-installations.html

[7] V. E. Ferry, J. N. Munday, H. A. Atwater, Design Considerations for Plasmonic Photovoltaics,
Adv. Mater., 22, 4794-4808 (2010)




Giris Bolumu (Akronim, Baslik, TRL, Konu ve Kapsam)

Acronym

Title of 1

Position

Describy
or from

Accorda
Flegse ¢

Acronym of the Project

Application Form

BiHebSi

Title of the Project

Development of high effic

Type of Research

[X] Basic Research

Related specific thematic
area(s) of the call (if relevant):

Project Duration:

Fundamentals of Engineering Science, Physics

36

Months

Partners involved in the project

Partner | Country | Full Name of Partner | Organisation Name of Project Requested
Number Organization Type? Principal Cost (£) Cost (€)
Investigator
(P1)®
1 Turkey Center for Solar HE- Rasit Turan 720.000 TL | 720.000 TL
Energy Research and | University (90.000€) | (90.000¢€)
Applications
2 Russia s HE- Alexander S. 2000 kRUB | 2000 kRUB
University Gudovskikh (22000 €) | (22 000 €)
Total Project Cost (€)/Total Requested Cost (€) | 132.000€ | 132.000 €




Giris Bolumu - Ozet ve Anahtar Kelimeler (@ ‘@'
Summary of the project (publishable abstract, max. 1 page):

Please describe the following aspects in separate paragraphs.

i) Scientific/Technological Excellence

ii) Methodology

iii) Project Management

iv) Importance of International Collaboration

v) Impact

Keywords:

* Proje 6zeti 6nemli bir bolumdur, buyuk bir 6zenle yazilmalidir.
* Proje 6zetinin yazimi son dakikaya birakilmamalidir.
* Proje 6zeti projenin tum bilesenlerini kapsamalidir.

* Proje Ozeti, proje basvuru formunun diger kisimlari yazildiktan sonra hazirlanmalidir.




Uluslararasi

1.

Arastirma Projesi (Ornek)

PROJEOzETI TUNUS CRTEn ve ODTU GUNAM iKiLi iSBIRLIGI PROJESI

ESKi FORM ! %

Proje Bashgi : SiC ve Metal Oksit Filmler Kullanilarak Yeni Nesil Kristal Si Heteroeklem (SHJ) Giines Hicrelerinin
Gelistirilmesi (SiMOX)

_I'_Ojenln

Onemi

Dunya genelinde hizli bir sekilde artan enerji ihtiyacinin surdurilebilir sekilde karsilanmasinda, ¢evre dostu ve sonsuz ener;ji
kaynadi olan gunes enerjisi, en énemli adaylardan birisidir. YUksek verimli, distk maliyetli, ¢cevre Kirliligine neden olmayacak
gunes hlcrelerinin elde edilmesi konusundaki bilimsel ve teknolojik arastirmalar dinyada ve Ulkemizde yogdun olarak
surdlrtlmektedir. Fotovoltaik kurulu gines paneli kapasitesi her gegen giin artmasina ragmen, glnes enerjisi halihazirda
istenilen ve ihtiya¢ duyulan enerji Uretiminin ¢gok gerisinde kalmaktadir. Kurulu gines panellerinin yaklasik %91’i fotovoltaik
kristal silisyum (Si) tabanli gines hiicrelerinden olugsmaktadir. Uzerinde halen yodun arastirmalar yiritilen, farkli
malzemelerden olusan, standart Urinden farkh yapidaki gunes hlcreleri arasinda Silisyum Hetero-Eklem (SHJ) glnes
hacreleri, dusik maliyetli Uretim prosesleri ve yuksek verim degerlerine ulasma potansiyeli nedeniyle gelecegin ener;i
ihtiyacinin karsilanmasinda en ¢ok umut vadeden glnes hucresi yapilarindan birisidir. SHJ gunes hucresi Uretim teknolojisi,
kristal (c-Si) ve hidrojenlendirilmis amorf silisyum (a-Si:H) Uretim teknolojilerinin birlesmesi ile ortaya ¢ikan yuksek verime sahip
bir teknolojidir. 80’li yillarin basinda calisiimaya baslanan bu teknolojiyle Uretilen glines hiicrelerinin verim degeri %25 civarina
ulasmistir. Gunumuizde, SHJ glnes hicresini gelistirmeyi ve verimliligini arttirmayl amaglayan birgok arastirma grubu, enstitd
ve sirket ciddi bir rekabet icendedir. Sayilari giderek artan bir ¢ok sirket SHJ gines hucrelerinin ticarilesmesi konusunda
calismalar yapmaktadir. Glnes enerjisi alaninda yatinmlarin hizlandigi bu glnlerde, rekabet glicl ve endUstriyel potansiyeli
olan SHJ alaninda yahlcreacak temel bilimsel ve teknolojik arastirmalar, bu alanda Turkiye'nin gelisimine katki yapma
potansiyeli cok ylksektir.

Onerilen projenin nihai hedefi ODTU-GUNAM ve CRTEn-Tunus isbirligi ile diisitk maliyetli, yiiksek verimli, katkilamasiz
c-Si tabanh SHJ gunes hiicresi (SiMOX) elde edilmesidir. Projede hedeflenen ve SiIMOX adini verdigimiz gines hicresi
mimarisi dinyada ilk defa bu projede Uretilecektir. Proje 6 is paketinden olusmaktadir. Bu is paketleri asagida siralanmistir :

IP1: Ince film a-Si:H (retimi, karakterizasyonu, ve optimizasyonu;

IP2 : Ince film a-SiCx:H Uretimi, karakterizasyonu, ve optimizasyonu;
IP3 : Standart SHJ ve a-SiCx tabanli SHJ giines hiicresi Uretimi;

IP4 : Elektron ve desik secici kontak tretim recetelerinin gelistiriimesi;
IP5 : Katkilamasiz SIMOX tipi giines hiicresi tretimi;

| IP6 : Endustrivel Uretim icin SIMOX glines hiicrelerinin tekno-ekonomik analizi.




Uluslararasi Arastirma Projesi (Ornek)

Miukemmeliyet

Jluslararasi
isbirligi

TUNUS CRTEn ve ODTU GUNAM iKiLi iSBIRLiIGI PROJESI

Projenin birinci is paketi, standart teknolojinin (ki bu bile Tlrkiye’de henliz yapilabilen bir islem degildir) Uretilmesi ve temel
proseslerin optimizasyonunu saglayacaktir. Ote yandan a-Si tabakalarin Si dilim (wafer) (izerindeki pasivasyon etkisi ayrintili
olarak caligilacaktir. IP2 yeni bir malzeme olarak SiCx malzemesinin anlagilmasini saglayacaktir. Bu is paketi Tunus’lu
ortaklarimiz tarafindan yénetilecek ve yirutilecektir. (Tunus tarafinda meydana gelebilecek aksamalar icin B plani mevcuttur.)
SiCx kullaniminin hiicre performansina olumlu etki yaratmasi beklenmektedir. Uglincii is paketinde, standart hiicrelerin dretimi
ve SiCx filmler ile Uretilen hiucrelerin entegrasyonu saglanacaktir. Bu asamada, ilk hicre sonuglar alinacaktir. Bu asamada
%22'ye varan verim degerlerine ulasiimasi beklenmektedir. Dérdincl is paketinde, inorganik hicreler i¢in henliz diinyada da
yeni ¢alisiimaya baslanan MoOx and TiO2 tabakalarin analizi ve Si alttas ile olan etkilesimini inceleyen ¢aligmalar ylritulecektir.
IP5, yeni tir giines hicrelerinin Gretildigi bélim olacaktir. SIMOX adini verdigimiz hi¢ katkilama yapilmadan dretilen hiicre tiird
bu is paketinin sonunda elde edilecektir. Henliz yeni gelistirilen bu hlicrelerde %20 verim degerine ulasiimasi blyUk bir basari
olacaktir. SIMOX'un bir GUNAM markasi olmasi hedeflenmektedir. Son is paketinde (IP6), gelistirilen hicre turinin ekonomik
ve teknik analizi yapilarak, yatirim i¢cin gereken sartlar belirlenecektir.

Bu projede tasarlanan ve nihai olarak Uretilecek olan SiMOX adini verdigimiz hicre mimarisi ilk defa bu projede gelistirilecektir.
Ote yandan, bu hedefe ulagsma yolunda gergeklestirilecek birgok hiicre tiirii ve yan Griin (ince filmler) timiyle proje ekibi
tarafindan tasarlanarak, uretilecek ve optimizasyonu saglanacaktir. TUm bu islemler, Turkiye icin tamamen yeni olup, gerek
Universitelerin gerekse de yatirimer kuruluslarin ilgisini ¢cekecek niteliktedir. Projenin hedeflerine ulasmasi halinde ytksek bir
etki yaratmasi beklenmektedir.

Standart SHJ tlrU hdcreler birka¢ firma tarafindan Uretiliyor olsa da, Uretim ile ilgili ayrintilar tamamen gizlidir. Bu nedenle,
Panasonic ve Kaneka firmalari tarafindan elde edilen verim degerlerine Avrupa’nin énemli arastirma merkezlerinde dahi
ulagilamamaktadir. Avrupali merkezlerde ulasilan en yiksek verim dederleri %22 civarindadir. Bu sonuglari Ureten prosesler de
gizli tutulmaktadir. Bu ac¢idan bakildidinda, projede basarili olacak her tlrli yan Urln, hicre tird, ve proses 6zgln nitelikte
olup, gerekli gérilmesi halinde teknik detaylari yayinlanmayacaktir. Oncelikle patent bagvurusu yapilacaktir. Fikri mulkiyet
haklari acisindan bir sakinca icermeyen ¢ok sayida bilimsel yayin ve bildirinin projenin ¢iktisi olmasi beklenmektedir.

Projenin uluslararasi isbirligi ayagdi da buyiuk énem tasimaktadir. Tunus CRTEnN ulkenin énde gelen bir arastirma merkezi olup,
GUNAM kadar olmasa da gelismis bir alt yapiya sahiptir. Bir giines zengini Ulke olarak Tunus, gines enerjisine bilyilk énem
vermektedir. Bu konuda ortak yapilacak bu projenin akademik ve bilimsel ¢iktilarinin yani sira, iki Glkenin ilgili diger paydaslarini
da bir araya getirmesi agisindan da dnemli sonuclari olacaktir.




Butce ve Gerekcesi Formu “—

GENEL BUTGE TABLOSU (TL) (%)

Makine ve . Gegici Isgi
Techizat Sarf Hizmet T?;?j;:;e éil?;rll-:::i Bursiyer Ucretleri
Katlki Kaynagi G'E::Ie‘-rl Gmgr_l?rl ﬁl;:\lgrl Giderleri (033 + U::'{Etll:n L\:;TETE: TOPLAM

Arastirma projelerinde tim kurum/kuruslara (kamu/universite, ozel
sektor) %100 destek orani uygulanir.

ARASTIRMA

Talep edilebilecek maksimum destek miktari cagri bazinda degisiklik
gostermektedir.

Blitce planlamasi yapilirken cagri dokiimanlarinda belirtilen butce
sinirlarina mutlaka dikkat edilmelidir.

TT Wi TUOTONTT T IS ool AU § o SRALAE, TSy T Sy TTLD 1O T s G S T T S-S AT il o [0 O o T T i

["“] Destekleyen Diger Kurulus sayisi birden fazla ise tabloya yeni satiflar eklenerek bu destekler belirilir.

Pl ol N B =T b o e SR VI =TT |

Ozel kuruluslar icin talep edllecek destek
miktari hesaplanirken firma buyukligiine
bagli olarak destek oranlari dikkate
alinmalidir (KOBI: %75; Buyik Olcekli
Kurulus: %60.)

Kamu kurum ve kuruluslari: %100

%1 YOntDel Murulug saym doten fazly e kgl ablelara yeni satrlar eklenehilin
{**} Proje Bagvury Sistemi (PES) lzednde Onerilen Dastek Mktan (TL" olarak bu formda hesaplanan TOBITAK tan Talep Edilen Toglam Katk
rmiktan [TL) kullandmabidir. TORITAK tan talep edien katk miktadan gagn duypurusonda balitilen bitce kisslamalann asmamabdir,



Proje Ekibi Giderleri (Ar-Ge ve Yenilik Butce Formu)

<5 TiiBiTAK

[ Ylritlict Kurulus Adi: _| | * Bu tablo, Arastirma projeleri cagrilarinda
Ozel Kurulug Personel Bilgileri Tablosu (01.3) yver almaz! Arastirma projeleri cagrilarinda
. Projeye 2 0 O L e D o0
SIRA brojedeki | Suresi | Aviracag Jugici | ArikOcret | Topkom «proje yurdaticustd kurumun o6zel kurulug
Adi 5 d P, o ama am-AYy i 0 . 00 00100 00 00
NO 1 Soyad Gorevi (*) 135&11 ) Zamant)_ |~ (c-xB) (D) (E=CxD) olmasi halinde, proje yurutlcusine ve bu
p \\ kurulusta calisan arastirmacilara proje
2 tesvik ikramiyesine esdeger tutarda Ucret
3 ~ . .
4 N odenir.»
TOPLAM Adam-Ay TOPLAM m\
*) Proje YdrotucUsa™oneticisi, arasiirmaci, yardimec: personel gérevierinden biri vazilmahdir. Proje Basvuru Sistemi (PES) ﬂzew
Personeli” olarak tammilanmamis olan personelin projede yapacadi calisma ile ilgili aynintih bilgi bu forma ek olarak sunulmalidir. ~ .
(**) Gorev Slresi, hirPersnnelin proje slresi boyunca projede gorevy ala{:a'cjlhtuplam sireyi (ay) ifade eder. 3 N C OZeI ku ru I U§Ia r, mevcut pe rson el ( Ie r) | ve
***) Projeye Ayiracad Grtalamafzaman. bir personelin projede garey qlqllgl sﬂr_e_ t:n_oyur_ln::a projeye ayiracad zaman oranidir ve 0-1 arazinda Y .. . o. ..
olmahdir. Orn. Projede gorev aldin Zaman puj_run_r:_a _urtalama olarak vaktinin %50"sini projeve ayiracak perscnel icin bu oran 0,5 olacaktir. \ ye Nni |St| hda m ed eceg| pe rsone | ( Ie r)| |G| N
(****) Bu kisma yazilacak Ayhk Ucretin ust limitlen icin biklayiniz.
. —— bitce talebinde bulunabilir.
Kamu Kurum ve Kuruluglarina Yeni Alinacak Personel Bilgileri Tablosu (01.3) k k k | d . t' h d
. i °
o _ g[?rr:; e Ty gici— . wll | | Bu. ISim, Kamu Kkurumlarinda is .| : am
NO Adi Soyad Gorevi (%) (ay) (=) | JOralama | (Adam-Ay) | (TL) (") (TL) — > edilecek yardimci  personeller icindir.
Zaman{*=) | (C=AxB) (D) (E=CxD)
(&) (B) Yard li i istihd I
p araimci personelin yeni Istihdam olmasi
5 gereklidir.
j * Sadece PTI ddemesi yapilacagi icin kadrosu
TOPLAM Adam-Ay TOPLAM (TL) kamuda olan vyuriticilere/arastirmacilara
*) Wardime personel garevi icindir. Projede gorev alacak yardime personelin projede yapacad calisma ile ilgili aynintill bilgi bu dokiimana ek .
olarak sunulmahdir. ve dan|§man|a ra bu tabIOda yer Verl|meZ.
**) Gi:':re.ar siiresi, bir Ebers:unelin proje sﬁresi_bwunu:.a p_leE!dE_ gi:':re».r"alac:aﬁl tpplgm siireyi (ay) ila.dE eder. } | d |d | . I . k . I
) P A Ortal i bi I Idl b Ll 0-1 nd °
il Om. Projeds gorey 3.3, aman boyunca ortalama oarak vaKinin 50 sink projeye. ayiracak personei s bu oran 0.5 olacakdr Tablonun doldurulmasina iliskin yonergeler
==y Bu kisma yazilacak Ayhk Ucretin st limitler icin tiklayimiz. ta bIO a |t| nda detayl I Ola ra k a(;l kla nm |$t| r.




Makine ve Techizat Giderleri

Makine ve Techizat Giderleri {06.1 + 06.3)

Proje Sonrasi

Adi / Markasi / ) Birim Teknik Kullamm . Bedeli
: Adedi . - ) . _ Kullamim YerifAmaci
Modeli Fiyati (TL Ozellikleri® Gerekcesi . TL)*
vati (TL) § (Ar-Ge/Uretim) (TL)
TOPLAM (TL)

(*) Proforma veya teknik sartnamede ilgili makinefechizata iliskin yer alan her todd bilgi bu kisimda sunulur.

(**) Tirkiye temsilcisi arac hgiyla yapilmayan almiar icin almlann yurt dizi oldugu beliilerek tim masraflar dabil (gimnik bedeli, vergiler,
nakliye) bedel yazilir. Yurt Ici aimlarda KDV gdahil. bedeli yazhr. Doviz cinsinden alinan proforma faturalann TL cinsinden karsihgi hesaplanirken
fatura tarihindeki T.C. Merkez Bankas efektif sabs kuru esas alinir ve oneride mutlaka belirtilir

%

=
T
# 2w g
M (} 2N
N -

Vs TiBITAK

* Proje icin 6ngoriilen makine/techizat giderlerinin Ar-Ge faaliyetleri icin uygun olmasi gereklidir.

 Makine/techizatin teknik oOzellikleri, kullanim gerekceleri, proje sonrasinda kullanim amaci (Ar-
Ge/Uretim) belirtilmelidir.

* Projeileilgisi olmayan alimlar yazilmamalidir.

e Basvuru asamasinda proforma veya teknik sartname sunulmasina gerek bulunmamaktadir. Ancak
oncesinde piyasa arastirmasi yapilarak bitce talep edilmesi 6nem tasimaktadir.




Sarf Giderleri

5T =
T

# 2w g
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Sarf Giderleri® (03.2)

Adi

Miktari ve Birimi

Birim Fiyati (TL)

Kullanim Gerekgesi

Bedeli
(TL)™

TOPLAM (TL)

(*) Sarf giderleri icin, projede gerekliliginin dederlendiriimesine imkan veren aynintida liste verilmesi gerekir.
(**)Turkiye temsilcisi aracihdiyla yapiimayan alimiar icin ahmlann yurt disi oldugu belittilerek tim masraflar dabil, (gimrik bedeli, vergiler, nakliye) bedel
vazilir. Yurt Ici amlarda KDV dahil bedeli yazilir.

 Talep edilen sarf malzemesinin miktari, birim fiyati ve kullanim gerekcesi acikca yazilmali ve talep
edilen alimlar projenin Ar-Ge calismalari ile uyumlu olmalidir.

 «Muhtelif Sarf Malzemesi» gibi genel ifadelerden kacinilmalidir. Sarf alimlarinin gerekliligini
degerlendirilebilecek detayda aciklamalar sunulmalidir.




Hizmet Alimlari
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Hizmet Alimlan (03.5)

Hizmet Alimi Turi Nereden/Kimden Alinacag

Gerekgesi ve Kapsami™

Bedeli (TL)

TOPLAM (TL)

*) Yaplacak hizmet aliminin dederlendiriimesini momkin kilacak butin detaylar ile proforma veya teknik sartnamede yer alan her tirld bilgi bu kisimda

sunulur.

Projedeki hizmet aliminin gerekgesi/kapsami ve projeyle olan iliskisi acikca ifade edilmelidir.

Yiksek maliyetli makine ve techizat alimlari yerine mimkiinse hizmet alimi tercih edilmelidir.




Hizmet Alimlarn - Temsil ve Tanitma Giderleri

Temsil ve Tanitma Giderleri (Proje Gikti ve Sonucglannmin Paylasimi ve Yayilimi (*) Giderleri) (03.6)

Mahiyeti (™) Nereden/Kimden Alinacag Gerekgesi Bedeli (TL)

Katihmcilanin Yurt ici Seyahat
Masraflan

Salon Kirasi

Cahstay/Toplantilarda ikram
Gideri

Web Sitesi Giderleri

Kirtasiye/Sarf Malzemesi/
Baski ve Cilt / Posta Giderleri

TOPLAM (TL)

{*) Bu fasil kapsaminda beklenen proje ciktilanmin ilgili paydaslar ve potansiyvel kullanicilar ile paylasiimasina yonelik yvapilacak toplanti, cahstay vb.

calismalar icin proje bitcesinde en fazla 15.000 TL'ye kadar ddenek talebinde bulunulabilir. Bu fasildan baska fasillara, bagka fasillardan bu fasila aktanm
yamlamaz. ligili fasildan harcama yapilabilmesi icin Grup onayi alinir.

(=) Calistay. toplant diFenlenmesifkurim kurulus Fivarstleri kapsaminda yapilacak giderer

Web sitesi giderleri: 1.000 TL'den fazla olamaz.

Yurt Disindan katihmeo davet edilemez, yurt disina gidilemez.

Toplantinin diizenlendidi ilden katilanlara gindelik ve konaklama ddemesi yapilmaz.

Katilimcilara vurt ici seyahat (ucak, tren, otobiis, ferbot vb.) ekonomi simifi bilet ddenir, sehir disindan gelen katthmaolara gindelik ve konaklama
icin projelerdeki arastirmaci limitleri uygulamir. Konaklama ddemesi 1, gindelik ddemesi 2 ginden fazla olamaz.

Froje ekibinin sehir disinda tanitim zivaretlerine veya toplantilara gitmesi halinde projeler kapsamindaki yurt ici seyahat limitleri wygulanir.

Projenin yiritildddgo kurulusa salon kiras) vb. ddenmez. Salon kiras) G6denedi ancak, proje yuriticlso kurulusta yer olmadidina iliskin kurulus
yvetkilisinin yazih beyan olmasi halinde talep edilebilir. Salon kirasi icin 1.000 TL den fazla talep edilemez.
Calstayftoplantilarda ikram gider 1.000° TL'den fazla olamaz.

Kitasive/Sarf malzemesi/Baszkl ve cilt/Posta giderlen: 500 TL'den fazla olamaz.

* Bu kalem maksimum 15.000 TL talep edilebilir.

Ikram gideri maks. 1000 TL vb.).

* Gider bazinda butge siniri bulunmaktadir (6rn.
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Seyahat Plani - Yurt Ici Saha Calismasi

Yurt ici Saha Galismasi Plani

(Satir sayisi gerektigi kadar arttinlabilir)

= Sehirler Arasi Ulagim (=) Sehir ici Ulagim (==)
=

= Nereden Saha Kigi x Giin Tobl
= & Nereye Cahgmasinin st . Tasit Ozel/lResmi/ opiu Tagit | Ozel/Resmi/
[ Gidil - Mahiveti (= (***) Ucak/Otobiis/ \ . Tasima . .

= dileceqgi ahiyeti (*) T . Kiralama | Kiralik Tasit . Kiralama | Kirahk Tasit
b ren/Gemi o (binig -

(giin) (km) sayiey | (900) (km)

1

2

TOPLAM

(*) Saha calismas icin farkh bdlgelere yapilacak seyahatler 0z konusu ise her bir seyahat icin ayn bir satir dolduralmall ve ayn numara venlmelidir. Ayni bélgeye farkh

zamanlarda gidilecek olmas durumunda da her seyahate ait bilgiler birbirini takip eden satirlara ayn ayn girilmelidir,,

{**) Bu bilimde nerede { mahalle, okul, resmi/dzel isyeri, hastane, millitabiat park, sulak alan, ormanhk alan, keruma balgesi, dogalftarihi sit alan, arkeolojik kazi
alam, magara, askeri bolge, dzel bilge, tanm alani, cifilik, mezbaha vb.} ne yapilacad ( anket, mulakat, omek toplama, bilgilbelge temini, analiz vb.) belirtilir. Saha
calismasinin yeri ve yapilacak isin niteliginin yasal/dzel izin gerektiirebilecegi hatirlanarak TUBITAK ana sayfasinda yer alan “YASAL/OZEL IZIN BELGESI BILGI

MOTU ve ETIK. KURUL ONAY BELGESI BILGI MOTU” nun tekrar incelenmesi anerilir.
{(***) Bu bélimde ilgili saha calismasina proje ekibinden kac kisinin kac gin sire ile katilacad belirtilir.

{*=*) Bu bdlimde sehirler aras ve sehir ici ulasimin hangl volla gerceklesecedi ilgili kisimda gidis-donis olarak belitiimelidir. Ucak/Otobis/Tren kismina ilgili ulasim
aracinin niteligi, gehir iciyse toplam binis sayis:; tasit kiralama kismina eder seyahat tasit kiralama yoluyla gerceklestirilecekse kiralanacak tasrin nitelidi ve kac gin
kiralanacadi; sayet seyahat proje ekibine ait bir dzel arac ya da kuruma ait resmi arac veya kiralanacak tasitla gerceklesecskse yakit giderinin hesaplanabilmesi icin

Czel'Resmi/KiralikTasit kismina toplam kac kilometre mesafe kat edilecadi belirilir.

Bu kisim, proje kapsaminda yapilmasi planlanan saha calismalarini kapsamaktadir (araziden numune

toplanmasi, tarihi sit alanlarinda yapilacak faaliyetler...vb.)

Diger seyahat calismalari (kongre, konferans, karsilikli calisma ziyateri...vb) ile karistirlmamalidir!
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Seyahat Plani - Yurt Ici Saha Calismasi

Yurt igi Saha Calismasi Seyahat Giderleri (03.3)
(Yurt ici Saha Calismasi Planindaki verilerle uyumlu olacak sekilde doldurulur ve bitcelendirilir)

Toplam

Seyahat Tasgit Kirasi .
Adedi (kez) (iicret X giin) Katedilecek Yol TOPLAM (TL)

km

Sehirler Arasi Seyahat
(ugak/otobiis/tren)

Sehir igi Toplu Tasima
(otobiis/tren/metro vb.)
Ozel/lResmi/Kiralik Tasit ile Seyahat
()

Tasit Kirasi Gideri

Giindelik (**)

(proje ekibi)

Konaklama (*)

{proje ekibi)

TOPLAM (TL)

{*) Ozel/Resmi/Kiralik Tasit ile yapilan seyahatlerde her 100 km. icin & litre kursunsuz benzin Gcreti denecedi dikkate alinarak hesaplanir.

{(**) 2020 yvili icin gindelik bedeli 66,85 TL/giin: clarak belirenmistir. Konaklama bedeli ise (belgelenmesi kaydiyla) giindelifin iki kah olarak belirfenmistir. lase
(yiyecek, icecek) giderer gindelik kapsaminda oldugu icin aynca konaklama gideri olarak karsilanmaz.

e Saha calismasi plani ile talep edilen butce uyumlu olmalidir.
* Tablodaki aciklamalara dikkat edilmelidir.




SEYAHAT PLANI - SAHA CALISMASI VE IKiLI iSBIRLIGI KAPSAMINDA YAPILACAK OLAN CALISMA

ZIYARETI DISINDAKI FAALIYETLER ICIN YAPILACAK OLAN YURT iCI / YURT DISI SEYAHATLER

_________

¥

Yapilacak Olan Yurt igi / Yurt Disi1 Seyahatler
(Bilimsel Toplantilara Katilma, GCaligma Ziyaretleri vb. Faaliyetler) (03.4)

Saha Calismas: ve Ikili isbirligi Kapsaminda Yapilacak Olan Calisma Ziyareti Disindaki Faaliyetler igin

Seyahati Yapacak
Kisinin Adi Soyad

Unvani

Seyahat
Aciklamasi

Seyahatin Proje
Faaliyetleriyle
lligkisi

Seyahatin Turi
(Yurt ici/Yurt cisi)

Toplam (TL)

TOPLAM (TL)

Seyahate yonelik destek miktari cagri 6zelinde degiskenlik gosterebilir!
Seyahat desteginden danisman ve yardimci personeller faydalanamaz.




Seyahat Plani Ikili Isbirligi Kapsaminda Yapilacak Olan Calisma @n @
Ziyareti Plani / Seyahat Giderleri N

ikili Isbirligi Kapsaminda Yapilacak Olan Galisma Ziyareti Plani / Seyahat Giderleri (*) (03.3)
(Yalmzca ikili isbirlikleri kapsaminda ve gagn duyurusunda desteklenecedi belirtilmis ise doldurulur.)

ikili isbirligi Kapsaminda Yapilacak Olan Calisma Ziyareti Plani / Seyahat Giderleri (*) (03.3)
(Yalnizca ikili isbirlikleri kapsaminda ve caqgri duyurusunda desteklenecegqi belirtilmis ise doldurulur.)

Proje Ortagi Ziyaret¢i Sayisi Yil Sure Yer Amag
Tiirk taraf 2 2020 30 Seul Kick-off toplantisi ve
bilimsel ziyaret
Kore Tarafl 1 2020 30 Ankara Deneysel calismalar
Turk tarafi 1 2021 40 Seul Deneysel calismalar
Kore Tarafl 1 2021 40 Ankara Deneysel caligmalar
Tark tarafi 1 2022 45 Seul Deneysel calismalar
Kore Tarafi 1 2022 45 Ankara Deneysel ¢alismalar
TOPLAM (TL)

(*) Karsi kurulus ile imzalanan anlasma cercevesinde ucak bileti ve giindelik ddenir. Anlasma ile ilgili detayh bilgiye cadn duyurusundan erisilebilir.
(**) Seyahat planinda yer alan toplam seyahat sayisina gére yaklasik hesaplama yapilmahdir.

* Seyahat sartlari (stresi ve kapsami) ¢agri 6zelinde degiskenlik gosterebilir!
* Seyahat desteginden danisman ve yardimci personeller faydalanamaz.




Bursiyer Talepleri - Ucretleri

Bursiyer Ucretleri (*) (05.4)

Niteligi

Projede Yer Alma

(Lisans/Y. Lisans/Doktora/Doktora Sonrasi Arastirmaci) Suresi (ay)

Burs Miktan (TL/ay) Toplam (TL)

TOPLAM (TL)

{*) Bursiyer{lerlin projede yapacadi faaliyet ile ilgili ayrintil bilgi ek sayfada verilmelidir. Projede yer alacak bursiyer{ler)in edifim alanlannin veya tez konulannin proje
konusunun ilgili oldudu alan{larida olmasi beklenmektedir. Bursiverler aym anda birden fazla projede ver alamazlar. BIDEB'den tam burs alan Lisansistd ve Doktora

Sonrasi Bursiyerler icin projeden de ek burs ddemesi yapilabilir. BIDER.den kismi burs alanlara projeden ayrica burs ddemesi yapiimaz

Lisans bursiyeri olmak icin Torkive'de kurulu bir yiksekddretim kurumunun lisans programinda 3. sinif ve Ozeri Girencisi olmak, herhangi bir kurulusta Georet karsing
cahsmamak ve dniversitenin not sistemi esas olmak dzere hazirdik haric encekd yillann adirhkh genel not ortalamasinin en az 4 iizerinden 2,5 veya 100 dzerinden 65
olmasi veya biliminde hazirhk sinifi haric dnceki yillara ait agirikh genel not ortalamasinda ilk %207k dilime girilmis olmasi gerekmektedir. Bir projeds aym anda en

fazla 4 lisans &drencisi bursiver olarak yer alabilir.

Burs Miktan Ust Sinirlan

Niteligi

Ucret Karsihii Cahsmuyor ise

Ucretli Calisiyor Ise

Lisans Ogrencisi

750 -TLfay

Yiiksek Lisans Ogrencisi

_ 3.000.-TL/ay
{BIDEE bursiveri olmasi halinds 500 TL ilave edilir)

550.-TLiay

Doktora Ogrencisi

. 3.500.-TL/ay
{BIDEE bursiveri olmasi halinde 1.000 TL ilave
edilir)

650.-TLiay

Doktora Sonrasi Arastirmaci

_ 4 .500.-TL/ay
{BIDEE bursiyeri aolmas! halinds 1.500 TL ilave
edilir)

* Bursiyerlerin projede yapacagi faaliyetlerle ilgili ayrintil bilgi ek sayfada verilmelidir.
e Bursiyerlerin nitelikleri ve nicelikleri proje kapsamiyla uyumlu olmalidir.
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Sunum lgerigi -

\
a Ar-Ge ve Bilesenleri

\

‘ Ar-Ge - Yenilik ve Bilesenleri
|

e Arastirma Sorusunun Olusturulmasi
/

e Basvuru Formu Bolumleri

4
L e Bilimsel Degerlendirmede One Gikan Hususlar
)

65



Degerlendirme Kriterleri Ile Ilgili Aciklamalar

Kriteri
Karsilama Puan Degeri Tanim
Duzeyi
6 Proje onerisi ilgili kriteri tim boyutlariyla karsilamaktadir. Eksiklik yok denecek
kadar azdir.
lyi 5 Proje onerisi ilgili kriteri iyi derecede karsilamaktadir. Onerinin kabul edilebilir
seviyede eksiklikleri bulunmaktadir.
4 Proje Onerisi ilgili kriteri genel hatlariyla karsilamakla birlikte, 6nerinin iyilestirme
ve gelistirmeye acik noktalari bulunmaktadir.
Gelistirilebilir
3 Proje énerisi, ilgili kriteri orta derecede karsilamaktadir. Oneride iyilestirilmesi ve
gelistirilmesi gereken 6nemli hususlar bulunmaktadir.
5 Proje ©nerisi ilgili kriteri yeterli derecede karsilamamaktadir. Oneride &nemli
eksiklikler bulunmaktadir.
Yetersiz
1 Proje Onerisi ilgili kriteri karsilamamaktadir. Proje Onerisinde ciddi
eksiklikler/zayifliklar s6z konusudur.

_________

v
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Sik Yapilan Hatalar (Icerik) A N
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* Projenin (hipotez, kurgu, amacg, arastirma sorusu) acik olmamasi ve konunun
bilimsel/teknolojik miikemmeliyetinin yeterince vurgulanmamis olmasi

* Guncel literatlr/pazar arastirmasinin yeterli diizeyde yapilmamis olmasi

* Proje konusu ile ilgili glincel ve onemli literatur bilgilerinin gizlenmis olmasi
* Proje onerisinin 6zensiz yazilmis olmasi

* Proje ekibinin nitelik ve nicelik olarak uygun secilmemis olmasi

* Yontemin gerektigi dlcide aciklanmamis olmasi

* |s paketlerinin detaylandirilmamis olmasi

e Basari dlcutlerinin net ve somut olarak tanimlanmamis olmasi

* Dogru risklerin ve B planlarinin kurgulanmamis olmasi

* Proje bitcesinin gercekci olarak sunulmamis olmasi ve/veya altyapi olusturmaya
yonelik taleplerin olmasi

* Proje sonuclarinin ¢ikti ve etkilerinin gercekci olarak sunulmamamis olmasi

e Basvuru formunun sadece Turk ekip icin doldurulmus olmasi




Sik Yapilan Hatalar (Genel) e

Vs - THBITAK

e E-imzalarin basvuru sirasinda eksik olmasi (basvurular elektronik imza ile alinmaktadir.)

e Basvurunun c¢agri kosullarina uygun yapilmamis olmasi (orn. 6zel sektor katiliminin
zorunlu oldugu durumlarda cagriya sadece Universite olarak basvurulmasi)

* Ayni proje dnerisiyle, ayni donemde birden fazla programa basvurunun yapilmis olmasi
e Basvuruda talep edilen belgelerin eksik olarak sisteme yuklenmis olmasi

e Ayni uluslararasi projeye Tirkiye’den birden fazla kurum/kurulusun katilmasi halinde,
tek bir basvuru yerine ayri ayri basvuruda bulunulmus olmasi

e «Uluslararasi ortak bir proje» basvurusu yapilmasinin zorunlu oldugu durumda sadece
tek Ulkeye basvurunun yapilmis olmasi (mutlaka hem ulusal hem uluslararasi basvuru
yapiimalidir.)

 Daha 6nce sunulmus bir proje onerisi ile basvurunun yapilmasi durumunda «Degisiklik
Bildirim Formu»nun ve gerekli ise «Feragat Formu»nun doldurulmamis olmasi




Elektronik imza @&n
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 Ulusal proje basvurulari, uidb-pbs.tubitak.gov.tr internet adresi Ulzerinden vyalnizca
elektronik imza (e-imza) kullanilarak yapilabilmektedir.

* E-imzali basvuru sireci ile ilgili soru ve dnerilerinizicin;
E-posta: ardeb.e-imza@tubitak.gov.tr
Link: https://www.tubitak.gov.tr/sites/default/files/281/ardeb e-imza yardim dokumani.pdf



https://www.tubitak.gov.tr/sites/default/files/281/ardeb_e-imza_yardim_dokumani.pdf
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