FAKULTE / ENSTIiTU ADI

DERS BILGi FORMU

Fen Edebiyat Fakiiltesi

BOLUM / PROGRAM /
ANABILIiM DALI ADI

Fizik

DERSIN ADI

Iince Film Fizigine Giris

DERSIN KODU

F1Z24560

YEREL KREDISi

3

AKTS KREDISi

HAFTALIK DERS SAATI

HAFTALIK UYGULAMA SAATI

HAFTALIK LABORATUVAR
SAATI

0

ONKOSULLAR

Yok

YARIYIL

Giiz, Bahar

DERSIN DILi

Tiirkce, Ingilizce

DERSIN SEVIYESI

Lisans

DERSIN TURU

Secmeli @ Fizik Lisans Program

DERSIN KATEGORISi

Uzmanlik Alan Dersleri

DERSIN VERILIS SEKLi

Yiiz Yiize

DERSi SUNAN AKADEMIK
BiRiM

Fizik Boliimii

DERSIN KOORDINATORU

Cigdem ORUC

ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci, 6grenciye ince filmlerin tanimini yapmak, {iretim yontemlerini agiklamak
ve bu yontemlerin avantajlari ile dezavantajlarini karsilagtirma becerisi kazandirmaktir.
Ogrencilerin film kalmlg dlgme, kristal yapilarin incelenmesi, vakum teknikleri ve farkli
kaplama yontemlerini tanimalari, bu yontemlerin sonuglarini karsilastirip degerlendirmeleri
ve elde edilen bilgileri uygulamali 6rneklerde kullanmalari hedeflenmektedir. Ayrica ders
kapsaminda &grencilerin XRD, SEM gibi yapisal analiz tekniklerini kavrayarak, ince
filmlerin iretimden uygulamaya kadar olan siireglerini biitiinciil bir bakis acisiyla anlamalart
ve kendi sunumlarint hazirlayarak Ogrenim siirecine aktif katilim  gostermeleri
amaglanmaktadir.

DERSIN iCERIGI

Ince filmin tanimu; kristal yap1; vakum teknikleri; ince film elde etme yontemleri: fiziksel
yontemler; buharlastirma (electron beam, termal), sicratma, piiskiirtme, sol-gel; film kalinlig
belirleme; yapisal inceleme yontemleri: XRD, SEM; ince filmin uygulama alanlari.

DERS KiTABI/ MALZEMESI /
ONERILEN KAYNAKLAR

Ders Ogrenim Ciktilari
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Ders Kitabi:

Zhu, J., Zhu, X., Liu, H., & Xing, J. Thin Film Physics and Devices: Fundamental
Mechanism, Materials and Applications for Thin Films. World Scientific, 2021.
Onerilen Kaynaklar:

[1] Ohring, M. The Materials Science of Thin Films. Academic Press, London, 2012.
[2] Chopra, K. L. Thin Film Phenomena. McGraw-Hill, New York, 1983.

Bu dersi basariyla tamamlayan 6grenciler:

1. Ince filmleri tamimlayabilecek ve iiretim on hazirliklar

aciklayabilecektir.

icin  gerekli
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ince film {iretim ydntemlerini karsilastirabilecek, degerlendirebilecek ve kendi
caligmalart i¢in uygun yontemi segebilecektir.

ince film iiretiminde Kkarsilasilan temel problemleri analiz  ederek
¢oziimleyebilecektir.

Ince filmlerin karakteristik 6zelliklerini incelemede kullamlan yontemleri (XRD,
SEM vb.) tantyacak ve agiklayabilecektir.

ince filmlerin farkli kullanim alanlarim 6rneklerle agiklayabilecektir.

DEGERLENDIRME SiSTEMI

| Etkinlikler Say1 Katki Pay1

| Devam/Katihm H

| Laboratuvar

| Uygulama (Sozlii Sinav) H H

| Arazi Calismasi H H

Kisa Sinavlar/Stiidyo Kritigi
e  icerik: Smav haftasina kadar islenen konularin tiimiinii kapsayan

| Derse Ozgii Staj H H ‘
kapsamli sorularin sorulmasi

e  Format: Yiiz yiize kisa sinav (5-15 dakika) 1 % 5

e  Detayh Degerlendirme Kriterleri:

- Ogrenilen konularin dogru bir sekilde aciklanabilmesi

Odev ‘ ‘ ‘ ‘
o cerik: Ogrencilerin kendi Ogrenme stireglerini

degerlendirmelerinin ve grup sunumlart yapmalarinin istenmesi

e  Format: Grup sunumlari

e  Format: Yiiz yiize. Sinav (90 dakika)

Sunum/Jiiri:
1 %025
e Detayh Degerlendirme Kriterleri:
-Ogrenilen konularin dogru bir sekilde agiklanabilmesi
-Sunum tekniklerinin dogru kullanilmasi
Proje ‘
Seminer/Workshop H H
Ara Sinavlar:
e icerik: Sinav haftasina kadar islenen konularim tiimiinii kapsayan
kapsamli sorular
e  Format: Yiiz yiize. Sinav (90 dakika)
1 %030
e  Detayh Degerlendirme Kriterleri:
-Dersin temel kavramlarinimn anlasildiginin gosterilmesi
-Teorik konularla ilgili problemlerin ¢éziilebilmesi
-Teorik diisiinme siireglerinin yiirtitilmesi
Final:
e cerik: Dersin tiim igerigini kapsayan kapsamli sorular
1 %40
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Detayh Degerlendirme Kriterleri:

-Derste iglenen tiim konularin derinlemesine kavranmis oldugunun
gosterilmesi
-leri diizey problem ¢dzme becerilerinin kullanilabilmesi

Dénem i¢i Cahsmalarin Basar1 Notuna Katkisi H %60
Final Sinavimin Basar1 Notuna Katkisi H %40
TOPLAM H %100

HAFTALIK KONULAR VE iLGIiLi ON HAZIRLIK CALISMALARI

HAFTALAR

KONULAR

On Hazirhk

Konu Anlatimi: Ince filmin tammi ve genel kullamim alanlari.

Kaynak Kkitaplardan ince film tanimni
okunmasi.

! Siif-ici Tartisma (5 dk.): Ince filmin tanmim1 ve genel kullanim
alanlari ilgili tartigmanin yapilmasi.
IKonu Anlatim: Kristal, polikristal ve amorf yapilar. Kaynak kitaplardan kristal, polikristal ve
2 amorf yapilar tanimmin okunmasi.
Sinif-ici Tartisma (5 dk.): Kristal, polikristal ve amorf yapilara
iligkin tartismanin yapilmast.
IKonu Anlatimi: Difiizyon. Kaynak Kitaplardan, difizyon taniminin
3 okunmasi.
Simf-ici Tartisma (5 dk.): Difiizyona iliskin tartismanin|
lyapilmasi.
Konu Anlatimn: Vakum Teknikleri. Kaynak kitaplardan, vakum teknikleri
taniminin okunmasi.
4 Simf-i¢i Tartisma (5 dk.): Vakum teknikleri ile ilgili
uygulamalarm tartigilmasi.
Konu Anlatimi: Ince film elde etme yontemleri, fiziksel Kaynak kitaplardan, ince film elde etme
lyontemler, buharlagtirma. yontemleri, fiziksel yontemler,
5 buharlastirma taniminin okunmasi.
Smif-ici Tartisma (5 dk.): Ince film elde etme yontemleri,
fiziksel yontemler, buharlagtirma ile ilgili tartigmalarin yapilmasi.
IKonu Anlatimu: Elektron bombardimani ile buharlagtirma. Kaynak kitaplardan, elektron
6 bombardimani ile buharlasgtirma taniminin
Smif-ici Tartisma (5 dk.): Elektron bombardimani ile okunmasi.
buharlagtirma konusunda tartigmalar yapilmasi.
Konu Anlatimi: Termal buharlagtirma, molekiiler 1g1n epitaksisi. Kaynak kitaplardan, elektron
7 bombardimani ile buharlasgtirma taniminin
Smif-i¢ci Tartisma (5 dk.): Termal Buharlastirma, molekiiler 1sin| okunmasi.
epitaksisi ile ilgili tartigmalarin yapilmasi.
8 |Ara Sinav 1 Sinav haftasina kadar iglenen konulart
tiimiiniin tekrar edilmesi.
IKonu Anlatimi: Sigratma ile kaplama, piiskiirtme ile kaplama, Kaynak kitaplardan, sigratma ile kaplama,
Sol-jel ile kaplama. puskiirtme ile kaplama, sol-jel ile kaplama
9 taniminin okunmasi.
Sinif-ici Tartisma (5 dk.): Sigratma ile kaplama, piiskiirtme ile
kaplama, sol-jel ile kaplama ile ilgili tartigmalarin yapilmasi.
Konu Anlatimi: Film kalinlig1 6lgme yontemleri. Kaynak kitaplardan, film kalinligi 6lgme
Ontemleri taniminin okunmasi.
10 Y
Simif-i¢i Tartisma (5 dk.): Film kalinligi 6lgme yontemleri ile
ilgili tartigmalarin yapilmasi.
Konu Anlatimi: ince Film iiretim tekniklerinin avantaj ve Kaynak kitaplardan, ince film {iretim
dezavantajlari. tekniklerinin avantaj ve dezavantajlari
11 taniminin okunmasi.
Sinif-ici Tartisma (5 dk.): Ince Film iiretim tekniklerinin avantaj
ve dezavantajlar1 hakkinda tartigmalar yapilmasi.
. Sunumun ogrenciler tarafindan|
12 Ogrenci sunumlarinin dinlenmesi. hazirlanmasi.
al . . Sunumun ogrenciler tarafindan|
13 Ogrenci sunumlarinin dinlenmesi.
hazirlanmasi.
14 Ogrenci sunumlarinin dinlenmesi. Sunumun dgrenciler tarafindan
hazirlanmasi.
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15 Ogrenci sunumlarmin dinlenmesi. 1. Sunumun ogrenciler tarafindan|
hazirlanmasi.
16 Final Islenen konularin tiimiiniin tekrar edilmesi.
AKTS iISYUKU TABLOSU
Etkinlikler H Say1 ‘ Siiresi H Toplam isyiikii
(Saat)
Ders Saati H 14 “ 3 H 42
Laboratuar H H H
Uygulama (sozlii Sinav) H “ H ‘
Arazi Caliymasi ‘ ‘ H ‘ ‘
Sinif Dis1 Ders Calismasi H 14 H 4 H 56 ‘
Derse Ozgii Staj H H H
] | |
Kiiciik Sinavlar/Stiidyo Kritigi H 1 H 1 H 1
Projeler H H H ‘
Sunum / Seminer H 1 H 19 H 19
ﬁzz;s;lnka;lgl:egis)mav Siiresi + Smav 1 18 18
Toplam s yiikii: H 154
Toplam is yiikii / 30(s): H 5.13
AKTS Kredisi: 5
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FACULTY / GRADUATE SCHOOL

COURSE INFORMATION FORM

Faculty of Arts and Sciences

DEPARTMENT / PROGRAMME

Physics

TITLE OF COURSE

Introduction to Thin Film Physics

CODE

F1Z4560

LOCAL CREDIT

3

ECTS

LECTURE HOUR / WEEK

PRACTICAL HOUR / WEEK

LABORATORY HOUR / WEEK

PREREQUISITE

None

SEMESTER

Fall, Spring

COURSE LANGUAGE

Turkish, English

LEVEL OF COURSE

First Cycle

COURSE TYPE

Elective @ Bachelor Programme in Physics

COURSE CATEGORY

Major Area Courses

MODE OF DELIVERY

Face-to-Face

OWNER ACADEMIC UNIT

Department of Physics

COURSE COORDINATOR

Cigdem ORUC

ASSISTANT(S)

COURSE OBJECTIVES

This course aims to introduce the student to the definition of thin films, explain their
production methods, and develop the ability to compare the advantages and disadvantages
of these methods. Students are expected to recognize film thickness measurement
techniques, crystal structures, vacuum techniques, and various deposition methods,
compare and evaluate their outcomes, and apply this knowledge to practical examples.
Furthermore, the course aims to enable students to understand structural analysis
techniques such as XRD and SEM, thereby gaining a comprehensive perspective on the
processes of thin films from production to application. By preparing and presenting their
own work, students will also be encouraged to actively participate in the learning process.

COURSE CONTENT

Thin film description, crystal structure, vacuum techniques, methods of obtaining thin
films: physical methods; evaporation (electron beam, thermal), sputtering, spraying, sol-
gel, film thickness determination, structural analysis methods, XRD, SEM, thin film
applications.

RECOMMENDED OR REQUIRED
READINGS

Coursebook:

Zhu, J., Zhu, X., Liu, H., & Xing, J. Thin Film Physics and Devices: Fundamental
Mechanism, Materials and Applications for Thin Films. World Scientific, 2021.
Recommended Readings:

[1] Ohring, M. The Materials Science of Thin Films. Academic Press, London, 2012.
[2] Chopra, K. L. Thin Film Phenomena. McGraw-Hill, New York, 1983.

Course Learning Outcomes

By successfully completing this course, students will be able to:
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Define thin films and explain the necessary preparations for their
production.

Compare and evaluate different thin film production methods and select
the most appropriate method for their own work.

Analyze and solve common problems encountered during thin film
production.

Identify and explain the characterization techniques (e.g., XRD, SEM)
used to investigate the properties of thin films.

Explain the application areas of thin films with relevant examples.

EVALUATION SYSTEM

| Activities Number Percentage of Grade

Attendance/Participation

| Laboratory H H

| Application (Oral Examination) H H

| Field Work [ [

Quizzes/Studio Critics:

e  Content: Comprehensive questions covering all topics studied until
exam week.

e  Format: Face-to-face short quiz (5-15 minutes). 1 %5

e  Detailed Evaluation Criteria:

Special Course Internship (Work Placement) ‘
-Ability to accurately explain the learned topics.

Homework Assignments H

e Content: Students will be asked to evaluate their own learning
processes and deliver group presentations

e  Format: Group presentations
1 %25

e Detailed Assessment Criteria:

-Ability to accurately explain the topics learned
-Proper use of presentation techniques

Presentations/Jury:
Project ‘

Seminar/Workshop H

Midterms:
e  Content: Comprehensive questions covering all topics addressed up to
the exam week

. . 1 %30
e  Format: Face-to-face written exam. (90 minutes).

e Detailed Assessment Criteria:
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-Demonstration of understanding of the fundamental concepts of the
course

-Ability to solve problems related to theoretical topics

-Ability to carry out theoretical reasoning processes

Content: Comprehensive questions covering the entire content of the

course
Format: Face-to-face written exam. (90 minutes).

Detailed Assessment Criteria:

-Ability to apply advanced problem-solving skills
-Demonstration of a thorough understanding of all topics
covered in the course

Percentage of In-Term Studies H

Percentage of Final Examination H

TOTAL H

WEEKS COURSE OUTLINE Related Preparation
Lecture: Definition and general application of thin Reading the definition of thin film from reference
films). books.
1 In-Class Discussion (5 minutes): Discussion on the
use of the concept of definition and general application
of thin films.
Lecture: Crystalline, polycrystalline and amorphou Reading  the  definition of  crystalline,
structures. polycrystalline and amorphous structures from
2 reference books.
In-Class Discussion (5 minutes): Discussion on the|
use of the concept of crystalline, polycrystalline and
lamorphous structures.
Lecture: Diffusion. Reading the definition of diffusion from reference
3 books.
In-Class Discussion (5 minutes): Discussion on the|
use of the concept of diffusion.
Lecture: Vacuum Techniques. Reading the definition of vacuum techniques from
4 reference books.
In-Class Discussion (5 minutes): Discussion on the|
use of the concept of vacuum techniques.
Lecture: Thin film obtaining methods, Physical Reading the definition of thin film obtaining
methods, Evaporation. methods, physical methods, and evaporation from
5 reference books.
In-Class Discussion (5 minutes): Discussion on the
use of the concept of thin film obtaining methods,
physical methods, evaporation.
Lecture: Evaporation by electron bombardment. Reading the definition of evaporation by electron
bombardment from reference books.
6 In-Class Discussion (5 minutes): Discussion on the
use of the concept of evaporation by electron
bombardment.
Lecture: Thermal Evaporation, Molecular beam Reading the definition of thermal evaporation,
epitaxy. molecular beam epitaxy from reference books.
! In-Class Discussion (5 minutes): Discussion on the
use of the concept of thermal evaporation, molecular
beam epitaxy.
8 Midterm 1 Review of all topics covered up to the exam week.
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Lecture: Sputter coating, spray coating, Sol-gel 1. Reading the definition of sputter coating, spray
coating. coating, sol-gel coating from reference books.
9 In-Class Discussion (5 minutes): Discussion on the
use of the concept of sputter coating, spray coating,
sol-gel coating.
Lecture: Film thickness measurement methods. 1. Reading the definition of film thickness
measurement methods from reference books.
10 In-Class Discussion (5 minutes): Discussion on the
use of the concept of film thickness measurement
methods.
Lecture: Advantages and disadvantages of Thin Film 1. Reading the definition of advantages and
production techniques. disadvantages of thin film production techniques
1 from reference books 264-276.
In-Class Discussion (5 minutes): Discussion on the
use of the concept of Advantages and disadvantages o
Thin Film production techniques.
Student Presentations. 1. Preparation of the presentation by students.
12 In-Class  Activity (15 minutes): Introducing
programming languages.
Student Presentations. 1. Preparation of the presentation by students.
13 In-Class  Activity (15 minutes): Introducing
programming languages.
Student Presentations. 1. Preparation of the presentation by students.
14 In-Class  Activity (15 minutes): Introducing
programming languages.
Student Presentations. 1. Preparation of the presentation by students.
15 In-Class  Activity (15 minutes): Introducing
programming languages.
16 Final Review of all topics covered.

ECTS WORKLOAD TABLE

Activities Number Duratio Total Workload
(Hour)
I

n
IR B

Course Hours

Laboratory H H H

Application

Field Work

Study Hours Out of Class

Special Course Internship (Work Placement)

Homework Assignments

Quizzes/Studio Critics

Project

Presentations / Seminar 19

Mid-Terms (Examination Duration + Examination Prep. Duration) 18

Final (Examination Duration + Examination Prep. Duration) 18

Total Workload: H

Total Workload / 30(h):
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Ders Odrenim Ciktis1 & Program Ciktis1 Matrisi

PC-1 Temel bilimler ve

fizik alaninda kapsamli bir
kuramsal bilgi altyapisi
edinerek, bu bilgileri akademik
diizeyde analiz, yorum ve
problem  ¢6ziimiinde etkin
bi¢cimde kullanabileceklerdir. / - . . . -
Use  their  comprehensive
theoretical knowledge in
fundamental  sciences  and
physics for analysis,
interpretation, and problem-
solving at an academic level.

P S ‘-2 Edindikleri uygulamali
bilgileri  fiziksel siireclerin
modellenmesi, deneysel tasarim
ve problem c¢oziimiinde etkili
ve amaca yonelik bigimde
kullanabileceklerdir./  Apply . - - - -
their  practical ~ knowledge
effectively and strategically in
modelling physical processes,
experimental ~ design, and
problem-solving.

PC-3 Kuramsal velveya

deneysel Dbilgilerini  karmagik
fizik problemlerinin
¢Oziimiinde  etkili  bi¢imde
kullanarak, bu problemlere
yonelik uygun analiz ve
modelleme yontemlerini se¢ip
uygulayabileceklerdir./ Use - - - - -
their theoretical and/or
experimental knowledge
effectively in solving complex
physics problems by selecting
and  applying  appropriate
analysis and modelling methods
for these problems.

PS;-4 Disiplinler aras1 bir

yaklasimla, farkli alanlarda
edinmis  olduklar1  bilgileri
sentezleyebileceklerdir./Synthe . - - - -
size knowledge acquired from
different disciplines through an
interdisciplinary approach.

PC-5 Fizik biliminin temel
ve uygulamali alanlarinda
edindikleri bilgi birikimlerini
ve kuramsal analiz, deneysel
uygulama ve sayisal modelleme
ve hesaplamali fizik araglarini
kullanma ve gelistirme
becerilerini, kuramsal fizik,
niikleer fizik, yogun madde
fizigi, yiksek enerji fizigi,
nanoteknoloji,

yenilenebilir/alternatif  enerji

lw
I~
I~
lw
I~

teknolojileri,
ileri malzeme tasarimi, niikleer
teknoloji ve kuantum
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teknolojileri gibi disiplin-i¢i ve
disiplinler ~ arast  uzmanlik
alanlarinda

gelistirebileceklerdir./ Advance
their acquired knowledge in the
fundamental and applied fields
of physics and their skills in
theoretical analysis,
experimental application,
numerical modelling and using
and developing computational
physics  tools in both

disciplinary and
interdisciplinary ~ areas  of
specialisation such as

theoretical  physics, nuclear
physics, condensed  matter
physics, high energy physics,
nanotechnology,

renewable/alternative  energy
technologies, advanced
materials  design, nuclear
technology, and quantum
technologies.

PQ-G Fizik alaninda yaygm

olarak kullanilan bilgisayar ve
yapay zeka teknolojileri ile en
az bir programlama dilini,
problemleri  ¢ozmek,  veri

analizi yapmak ve
simiilasyonlar gerceklestirmek
icin etkin bigimde - - - - -

kullanabileceklerdir./ Use at
least one programming
language and computer and
artificial intelligence
technologies widely employed
in physics for problem-solving,
data analysis, and simulations.

PC-7 Fizik ve ilgili
alanlardaki kariyer firsatlarmi
degerlendirerek  kigisel  ve
mesleki gelisim  hedeflerini
belirleyebilecekler ~ ve  bu
hedeflere ulagsmak icin hayat
boyu ogrenme stratejilerini
kullanabileceklerdir. / Follow
scientific and technological - - - - -
developments in physics and
related fields, assess career
opportunities, identify personal
and professional development
goals, and adopt lifelong
learning strategies to achieve
these goals.

PC-8 Bilimsel
arastirmalarint = ve  mesleki
faaliyetlerini ylriitiirken
dogabilecek hukuksal sonuglart
ve toplumsal etkileri dikkate
alarak mesleki etik ilkeler,
kalite standartlar1 ile evrensel - - - - -
degerler  dogrultusunda  ve
sosyal sorumluluk bilinci ve
adalet  duygusuyla hareket
edebileceklerdir/ Act with a
sense of social responsibility
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and justice and in accordance
with professional  ethical
principles, quality standards,
and universal values by taking
into account potential legal and
societal consequences of their
scientific research and
professional activities.

PC-9 Bireysel olarak ya da

takimlarda  etkin  bigimde
caligabileceklerdir./ Work
effectively both independently
and as part of a team.

I~
[€V)
lon
[€V)
[€V)

Pg :- 10Fizik alaninda,

giivenilir  bilgi  kaynaklarina
ulasarak  literatiir ~ taramasi
yapabilecekler ve akademik
aragtirma tasarlayip
yiiriitebileceklerdir./ Access
reliable sources of information,
conduct literature reviews, and
design and carry out academic
research in the

field of physics.

lw
I~
I~
lon
lw

PC-11 ileri diizey fizik
konularini, teorileri,
aragtirmalart  ve  problem
¢Ozlimlerini, fizik terminolojisi
kullanarak Tiirkge ve
Ingilizcede tiim paydaslara
sozli ve  yazilh  olarak
aktarabileceklerdir./ Effectively . - - - -
communicate topics, theories,
research, and problem solutions
in physics to all relevant
stakeholders using appropriate
physics  terminology, both
orally and in writing, in Turkish
and in English.

PC-12 Laboratuvar

calismalarinda, bilimsel veri
toplayarak  teknik  ve/veya

bilimsel raporlar
hazirlayabilecek ve mevcut
raporlari _ _ _ _ _
yorumlayabileceklerdir. / - - - - -

Collect scientific data during
laboratory  work,  prepare
technical ~and/or  scientific
reports and interpret existing
reports.
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