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GENEL TANIM / GENERAL DESCRIPTION

Ders Adi / Course Name

Functional Thin Film Technologies / Functional Thin Film Technologies

Ders Kodu / Course Code

9105035542022

Ders Tirii / Course Type

Ders Seviyesi / Course Level

Second Cycle / Second Cycle

Ders Akts Kredi / ECTS 8.00
Haftalik Ders Saati (Kuramsal) / 3.00
Course Hours For Week

(Theoretical)

Haftalik Uygulama Saati / Course 0.00
Hours For Week (Objected)

Haftalik Laboratuar Saati / Course 0.00

Hours For Week (Laboratory)

Dersin Verildigi Yl / Year

1

Ogretim Sistemi / Teaching System

Face to Face / Face to Face

Egitim Dili / Education Language

Turkish / Turkish

On Kosulu Olan Ders(ler) /
Precondition Courses

Amaci / Purpose

Bu dersin amaci 6grencilerin ince film kaplama tekniklerini 6grenmesini, bu tekniklerin
uygulama kisitlarini ve avantajlarini karsilasgtirabilmesini, enerii ile iliskili uygulama alanlari
hakkinda genel bilgi edinmesini, nano boyuttan mikro boyuta kadar film olugsum siireg
mekanizmalarini kavrayabilmesini, elde edilen filmlerin 6zelliklerinin belirlenmesinde
kullanilabilecek karakterizasyon ydntemlerini tanimasini ve ayrica mirekkep puskirtmeli
baski teknigi ile fotovoltaik hlcre tasarimina yonelik ince film hazirlama prensiplerini
kavrayabilmesini saglamaktir.

The aim of this course is to enable students to learn thin film coating techniques, to
compare the application limitations and advantages of these techniques, to obtain
general information about their energy-related application areas, to understand the film
formation process mechanisms from nano to micro size, to recognize the
characterization methods that can be used in determining the properties of the films, to
comprehend the thin film preparation principles for photovoltaic cell design with ink
printing technique.
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igerigi / Content

1. Ince film hazirhginda kullanilan islak kaplama siiregleri (dénii kaplama, daldirmali
kaplama, bigak siyirma, sprey kaplama vb.), elektroliz kaplama, kimyasal buhar biriktirme,
fiziksel buhar biriktirme, atomik katman biriktirme, plskirtmeli kaplama gibi yontemler
hakkinda bilgi vermek ve bu yontemlerle ince film olarak kaplanabilen malzemeleri
tanimlamak ve bunlarin enerji alanindaki uygulamalarinin agiklanmasi

2. Film olusum sirecinde atomik boyutta gergeklesen ¢ekirdeklenme, blyiime,
mikroyapilara evrilme sirasinda gerceklesen kinetik ve termodinamik surecler hakkinda
bilgi verme, Stranski-Krastanow cekirdeklenme ve biiyiime mekanizmalarinin agiklanmasi,
3. Film hazirhdinda altlk ve kaplanacak malzeme ara yiiz etkilesim mekanizmalarinin
aciklanmasi

4. Polikristal filmlerde gerceklesen nano ve mikro boyutlardaki yapisal degisim stireglerinin
anlatiimasi

5. Cok bilesenli ve ¢ok fazli film olusum sireclerinde gerceklesen mekanizmalarin
anlatiimasi

6. Film kalinhg, film yapismasi, sertlik ve elastikiyet 6zellikleri, elektriksel ve termal
iletkenlik, optik 6zellikler, g6zeneklilik ve puruzlilik gibi morfolojik 6zellikler, elemental ve
yapisal 6zellikler gibi paremetrelerin tanimlanmasi ve bunlarin belirlenmesinde kullanilan
yontemler hakkinda bilgi verilmesi

7. Baski teknolojilerinin tanimlanmasi ve bunlar arasindan murekkep puskurtmeli baski
teknigi ile ince film eldesinde dikkate alinacak sistem parametrelerinden mirekkep
formilasyon hazirligina kadar olan tiim stirecler hakkinda bilgi verilmesi, miirekkep
puskirtmeli baski tekniginin fotovoltaik hiicre uygulamalarinin anlatiimasi

1. To give information about thin film deposition techniques such as wet coating (spin
coating, dip coating, doctor-blade, spray coating, etc.), electrolysis coating, chemical
vapor deposition, physical vapor deposition, atomic layer deposition, sputtering and
also to discribe materials that can be coated by these techniques and to explain their
energy related applications.

2. To give information about kinetic and thermodynamic processes for nucleation,
growth, and microstructures evolution during film formation, and also to explain the
nucleation and growth mechanisms of Stranski-Krastanow.

3. Explaining the substrate and material interface interaction mechanisms during film
preparation.

4. Explaining the structural change processes at nano and micro sizes in
polycrystalline films

5. Explaining the mechanisms that occur in multicomponent and multiphase film
formation processes

6. To give information about the definition of parameters such as film thickness, film
adhesion, hardness and elasticity properties, electrical and thermal conductivity,
optical properties, morphological properties such as porosity and roughness,
elemental and structural properties and the methods used to determine them.

7. Defining printing technologies and giving information about all processes in ink-jet
printing technique from system parameters to ink formulation preparation, to be
considered in the production of thin film and also explaining photovoltaic cell
applications of ink-jet printing technique.

Onerilen Diger Hususlar /
Recommended Other
Considerations

Staj Durumu / Internship Status

Kitabi / Malzemesi / Onerilen
Kaynaklar / Books / Materials /
Recommended Reading

1. Wagendristel A., Wang Y., “An Introduction to Physics and Technology of Thin Films
World Scientific, Singapore (1994).

2. Zhang S., Ting JM., Wu WY, “Functional Thin Films Technology” CRS Press, Boca

Raton, USA (2022).

3. Martin P.M., “Handbook of Deposition Technologies for Films and Coatings: Science,
Applications and Technology” Elsevier Inc., Oxford, UK (2010)

4. Frey H., Khan H.R., “Handbook of Thin-Film Technology”, Springer, Berlin, Germany
(2015)

1. Wagendristel A., Wang Y., “An Introduction to Physics and Technology of Thin
Films” World Scientific, Singapore (1994).

2. Zhang S., Ting JM., Wu WY, “Functional Thin Films Technology” CRS Press, Boca
Raton, USA (2022).

3. Martin P.M., “Handbook of Deposition Technologies for Films and Coatings:
Science, Applications and Technology” Elsevier Inc., Oxford, UK (2010)

4. Frey H., Khan H.R., “Handbook of Thin-Film Technology”, Springer, Berlin,
Germany (2015)

Ogretim Uyesi (Uyeleri) / Faculty
Member (Members)

Dr. Ogretim Uyesi Halide DIKER
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OGRENME GIKTILARI / LEARNING OUTCOMES

ince film hazirlamaya yénelik tim teknikler hakkinda bilgi sahibi olma ve film hazirlik siirecinde dikkat
edilecek parametreleri kavrayabilme

To have information about all techniques for thin film preparation and to understand the parameters to
be considered in the film preparation process.

ince film hazirhginda kullanilacak malzemeler ve kaplama teknikleri arasindaki iliskiyi anlama ve enerji
ile iliskili uygulama alanlarini tanima

Understanding the relationship between materials and coating techniques to be used in thin film
preparation and recognizing their energy-related application areas.

Film olusumu sirasinda meydana gelecek cekirdeklenme, film blyimesi, mikroyapi olusumu ve ¢ok
katmanlilik gibi mekanizmalari anlayabilme

To be able to understand the mechanisms such as nucleation, film growth, microstructure formation
and to being multilayer.

ince filmlerin morfolojik, optik, yapisal, fiziksel, mekanik, elektriksel 6zelliklerinin belirlenmesinde
kullanilan karakterizasyon yontemleri hakkinda bilgi sahibi olma

To have knowledge about the characterization methods used to determine the morphological, optical,
structural, physical, mechanical and electrical properties of thin films.

ince filmlerde gerceklesen elektriksel ve termal iletkenlik mekanizmalarini kavrayabilme

To be able to comprehend the electrical and thermal conductivity mechanisms occur in thin films.

Basili elektronik teknolojisinde ince film olusturmak icin kullanilan miirekkep piiskirtmeli baski
teknolojisi ve bu teknolojiye yonelik miirekkep formilasyonu olusturmada dikkat edilecek
parametreler hakkinda bilgi sahibi olma

To have information about the ink-jet printing technology used to form thin films for printed electronic
technology and the parameters to be considered in preparing ink formulation for this technology.

ince film hazirg ve karakterizasyonundaki tiim siiregleri dikkate alarak mirekkep puskirtmeli baski
tekniginin kullanildig: fotovoltaik hiicre tasarim ve uygulamalarini yapabilme

To be able to design and implement a photovoltaic cells via ink printing technique, taking into account
all the processes in thin film preparation and characterization.

HAFTALIK DERS iGCERIGi / DETAILED COURSE OUTLINE
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Hafta / Week

. . Ogretim Yont - I
Teorik Dersler / Theoretical Uygulama Lab Tglz(neill(rlgri/(?rr;a?gi\r/]z Methods On Hazirlik / Preliminary

Techniques

1 Dersin tanitimi: Kapsami, gerekgesi, Onemi, Kural ve Gerekleri

Introduction to the lecture: Scoop, rules and necessity.

Teorik Dersler / Theoretical Uygulama Lab ?g{ﬁ;ﬂ;}ﬁgg&i\éz Methods On Hazirlik / Preliminary

Techniques

Kimyasal, fiziksel ve islak siregleri kapsayan ince film kaplama
2 teknikleri ve elde edilen filmlerin enerji uygulama alanlari hakkinda
bilgi verilmesi

Giving information about thin film coating techniques based on
chemical, physical and wet processes, and energy field related
applications of them.

Ogretim Yontem ve

Teorik Dersler / Theoretical Uygulama Lab Teknikleri/Teaching Methods On Hazirlik / Preliminary
Techniques
3 Film kaplama islemi 6ncesi ylizey temizleme yéntem ve prensiplerinin
anlatiimasi
Explaining the surface cleaning methods and principles pre-coating
process
. . Ogretim Yont - _
Teorik Dersler / Theoretical Uygulama Lab Tgl:ﬁill(rlgri/?rgsgig Methods On Hazirlik / Preliminary
Techniques
4 Film olugum slrecinde gekirdeklenme, biiyiime ve mikroyapisal
donisum mekanizmalarinin anlatiimasi
Explaining the nucleation, growth and microstructural transformation
mechanisms in the film formation process
gretim YO "
Teorik Dersler / Theoretical Uygulama Lab '?glzﬁgll(rlnerils)l'gt:é?]i\r’:; Methods On Hazirlik / Preliminary
Technigues
5 Kullanilacak altlik ve kaplanacak malzeme arasindaki ara ylzey

etkilesim mekanizmalarinin aciklanmasi

Explanation of the interfacial interaction mechanisms between the
substrate and the coating material.
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Ogretim Yontem ve

Teorik Dersler / Theoretical Uygulama Lab Teknikleri/Teaching Methods On Hazirlik / Preliminary
Techniques
6 ince filmlerde yapisal karakterizasyon igin kullanilan XPS, AES, XRD,
XRF, Raman ve FT-IR gibi ydntemler hakkinda bilgi verilmesi
Giving information about the structural characterization methods of
thin film such as XPS, AES, XRD, XRF, Raman and FT-IR.
gretim YO .
Teorik Dersler / Theoretical Uygulama Lab '?glzﬁgll(rlnerils)l'gt:é?]i\r’:; Methods On Hazirlik / Preliminary
Technigues
ince filmlerde fiziksel ve mekanik 6zelliklerin belilenmesinde
7 kullanilan tekniklerin (film temas acisi, yapisma, sertlik, elastikiyet,
mekanik stres) agiklanmasi
Explanation of the techniques (film contact angle, adhesion,
hardness, elasticity, mechanical stress) used in the determination of
physical and mechanical properties of thin films.
. . Ogretim Yont - .
Teorik Dersler / Theoretical Uygulama Lab Tgl:ﬁill(l?;ri/s)rgsgiﬁz Methods On Hazirlik / Preliminary
Techniques
8 Ara sinav
Mid-term Examination
gretim YO .
Teorik Dersler / Theoretical Uygulama Lab 'Cl')glzﬁmqeri/(')l'gt:cr:?\i\r,lz Methods On Hazirlik / Preliminary
Technigues
ince filmlerde elektriksel ve termal iletkenlik mekanizmalarinin
9 aciklanmasi, iletkenlik 6zelliklerinin belirlenmesinde kullanilan
teknikler hakkinda bilgi verilmesi
Explaining the electrical and thermal conductivity mechanisms in thin
films, giving information about the techniques used to determine the
conductivity properties.
. . Ogretim Yont - _
Teorik Dersler / Theoretical Uygulama Lab Tgl:ﬁill(qzerils)l'r;:giﬁz Methods On Hazirlik / Preliminary
Techniques
Ince filmlerin morfolojik, kalinlik ve optik 6zelliklerinin belirlenmesinde
kullanilan SEM, TEM, STM, AFM, optik mikroskop, elipsometre, UV-
10 VIS spektroskopisi, fotoliminesans spektroskopisi gibi spektroskopik
ve optik yéntemler hakkinda bilgi verilmesi
Giving information about spectroscopic and optical methods such as
SEM, TEM, STM, AFM, optical microscope, ellipsometer, UV-VIS
spectroscopy, photoluminescence spectroscopy used to determine
the morphological, thickness and optical properties of thin films.
. . Ogretim Yont - .
Teorik Dersler / Theoretical Uygulama Lab Tgl:ﬁill(qzeri/%r;:giﬁz Methods On Hazirlik / Preliminary
] Techniques
Ince film hazirhginda kullanilan baski teknolojilerinin ve 6zel olarak
11 murekkep puskurtmeli baski tekniginin detaylari ile ele alinmasi

internet ve kiitiiphane taramasi

Discussing the printing technologies used in thin film preparation and
especially ink- jet printing technique in detail.
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Ogretim Yontem ve

Teorik Dersler / Theoretical Uygulama Lab Teknikleri/Teaching Methods On Hazirlik / Preliminary
Techniques
12 Mirekkep puskurtmeli baski teknigi igin mirekkep formilasyonlarinin
gelistiriimesine yénelik temel parametrelerin anlatiimasi
Explaining the basic parameters towards the development of ink
formulations for the ink-jet printing technique.
gretim YO "
Teorik Dersler / Theoretical Uygulama Lab '?glzﬁgll(rlnerils)l'gt:é?]i\rgz Methods On Hazirlik / Preliminary
Technigues
13 Murekkep puskirtmeli baski tekniginin fotovoltaik hiicre
uygulamalarindaki kullanimlari
Uses of ink-jet printing technique in photovoltaic cell applications
. . Ogretim Yoéntem ve . o
Teorik Dersler / Theoretical Uygulama Lab Teknikleri/Teaching Methods On Hazirlik / Preliminary
Techniques
14 Dénem Proje Sunumlari
Project presentation
gretim YO "
Teorik Dersler / Theoretical Uygulama Lab 'Cl')glzﬁmqeri/(')l'gt:cr:?\i\r,lz Methods On Hazirlik / Preliminary
Technigues
15 Dénem Proje Sunumlari
Project presentation
. . Ogretim Yoéntem ve x .
Teorik Dersler / Theoretical Uygulama Lab Teknikleri/Teaching Methods On Hazirlik / Preliminary
Techniques
16 Final sinavi

Final examination
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DEGERLENDIRME / EVALUATION

Katki Yiizdesi /

Yariyil (Yil) igi Etkinlikleri / Term (or Year) Learning Activities Ni?]}./t')ér Percentage of
Contribution (%)
Ara Sinav / Midterm Examination 1 100
Toplam / Total: 1 100
Basar Notuna Katki Yiizdesi / Contribution to Success Grade(%): 40
Savi/ Katki Yuzdesi /
Yanyil (Yil) Sonu Etkinlikleri / End Of Term (or Year) Learning Activities Nurr¥ber Percentage of
Contribution (%)
Final Sinavi / Final Examination 1 20
Proje Sunma / Project Presentation 1 80
Toplam / Total: 2 100
Basari Notuna Katki Y{izdesi / Contribution to Success Grade(%): 60
Etkinliklerinin Basari Notuna Katki Ylizdesi(%) Toplami / Total Percentage of Contribution (%) to Success Grade: 100

Degerlendirme Tipi / Evaluation Type:
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IS YUKU / WORKLOADS

Siiresi | Toplam Is Yiikii
- Sayi/ (Saat) / (Saat) / Total

ST EHAL LT TS Number | Duration Work Load

(Hours) (Hour)
Derse Katilim / Attending Lectures 14 3.00 42.00
Makale Kritik Etme / Criticising Paper 12 5.00 60.00
Proje Hazirlama / Project Preparation 1 48.00 48.00
Proje Sunma / Project Presentation 1 5.00 5.00
Ara Sinav / Midterm Examination 1 3.00 3.00
Ara Sinav igin Bireysel Calisma / Individual Study for Mid term Examination 1 35.00 35.00
Final Sinavi / Final Examination 1 3.00 3.00
Final Sinavi igiin Bireysel Calisma / Individual Study for Final Examination 1 40.00 40.00
Toplam / Total: 32 142.00 236.00

Dersin AKTS Kredisi = Toplam is Yiikii (Saat) / 30.00 (Saat/AKTS) = 236.00/30.00 = 7.87 ~ / Course ECTS Credit = Total Workload (Hour) / 30.00 (Hour / ECTS) = 236.00 / 30.00 = 7.87 ~

PROGRAM VE OGRENME CIKTISI / PROGRAM LEARNING OUTCOMES

Ogrenme Ciktilari /
Learning Outcomes

Program Ciktilari / Program Outcomes

1.1.1

1.1.2

113

114

1.1.5

1.1.6

1.1.7

1.ince film hazirlamaya yénelik
tim teknikler hakkinda bilgi
sahibi olma ve film hazirlik
surecinde dikkat edilecek
parametreleri kavrayabilme /
To have information about all
techniques for thin film
preparation and to understand
the parameters to be
considered in the film
preparation process.
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2.ince film hazirhiginda
kullanilacak malzemeler ve
kaplama teknikleri arasindaki
iligkiyi anlama ve eneriji ile
iliskili uygulama alanlarini
tanima / Understanding the
relationship between materials
and coating techniques to be
used in thin film preparation
and recognizing their energy-
related application areas.

3.Film olusumu sirasinda
meydana gelecek
cekirdeklenme, film biyumesi,
mikroyapi olusumu ve ¢ok
katmanlilik gibi mekanizmalari
anlayabilme / To be able to
understand the mechanisms
such as nucleation, film growth,
microstructure formation and to
being multilayer.

4.ince filmlerin morfolojik, optik,
yapisal, fiziksel, mekanik,
elektriksel 6zelliklerinin
belirlenmesinde kullanilan
karakterizasyon yontemleri
hakkinda bilgi sahibi olma / To
have knowledge about the
characterization methods used
to determine the
morphological, optical,
structural, physical, mechanical
and electrical properties of thin
films.

5.ince filmlerde gerceklesen
elektriksel ve termal iletkenlik
mekanizmalarini kavrayabilme /
To be able to comprehend the
electrical and thermal
conductivity mechanisms occur
in thin films.
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6.Basili elektronik
teknolojisinde ince film
olusturmak icin kullanilan
murekkep plskurtmeli baski
teknolojisi ve bu teknolojiye
yonelik mirekkep
formilasyonu olusturmada
dikkat edilecek parametreler
hakkinda bilgi sahibi olma / To
have information about the ink-
jet printing technology used to
form thin films for printed
electronic technology and the
parameters to be considered in
preparing ink formulation for
this technology.

7.ince film hazirhgi ve
karakterizasyonundaki tim
suregleri dikkate alarak
murekkep puskurtmeli baski
tekniginin kullanildigi fotovoltaik
hiicre tasarim ve
uygulamalarini yapabilme / To
be able to design and
implement a photovoltaic cells
via ink printing technique,
taking into account all the
processes in thin film
preparation and
characterization.

Katki Dlizeyi / Contribution Level : 1-Cok Diisiik / Very low, 2-Diisiik / Low, 3-Orta / Moderate, 4-Yiksek / High, 5-Cok Yiiksek / Very high
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