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GENEL TANIM / GENERAL DESCRIPTION

Ders Adi / Course Name

ELECTRONIC MATERIALS AND DEVICE PHYSICS / ELECTRONIC MATERIALS AND DEVICE PHYSICS

Ders Kodu / Course Code

505002242023

Ders Tirii / Course Type

Ders Seviyesi / Course Level

First Cycle / First Cycle

Ders Akts Kredi / ECTS 5.00
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 2

Ogretim Sistemi / Teaching System

Face to Face / Face to Face

Egitim Dili / Education Language

English / English

On Kosulu Olan Ders(ler) /
Precondition Courses

Yok

None

Amaci / Purpose

Bu dersin amaci 6grencilerin; yariiletken aygitlarin temel prensiplerinin anlasiimasi, aygitin
karakterisliginde etkili degisik proseslerin etkilerinin anlasiimasi, yeni yariiletken aygitlarin
tasarlanmasi becerilerini elde etmesidir.

Objectives of this course are: understanding clearly the basic principles of
semiconductor devices, understanding clearly effects of various processes on device
characteristics, to design new semicondutor devices

igerigi / Content

*malzemelerin kristal 6zellikleri, eyariiletkenlerin Enerji bantlari, atomlar arasi bag yapisi,
denge halinde yuk yogunluklari, klasik elektron iletimi: Drude model *Fermi fonksiyonu,
Katkili yaniletkenler, *Yuklerin suriklenme ve diflizyon hareketleri, rekombinasyon ve
Uretim mekanizmalari, azinlik difiizyon denklem ¢éziimleri *PN kavsak yapisi, calisma
prensipleri, denge ve durgun-hal durumlari, Diyot akim-gerilim denklemleri, *Ciftkutuplu
kavsak transistor yapilar ve ¢alisma prensipleri, *Metal-Oksit-Yariiletken yapilar ve
calisma prensipleri, *Alan Etkili Transistorlerin yapilari ve ¢alisma prensipleri

scrystal properties of materials, *energy-bant diagram of seniconductors, atomic
bonding, equilibrum charge carriers, clasical electron conduction: Drude modelsfermi
function, doped semiconductors <drift and diffusion mechanisms of

carriers ,recombination and generation mechanism, minority diffusion equaitons *pn
junction, basic operation, equilibrium and steady state conditions, current-voltage
equations, <bipolar junction transistor, structure and basic operation, *Metal-Oxide -
semiconductor and basic operation, *Field effect transistor and basic operation

Onerilen Diger Hususlar / Yok None
Recommended Other

Considerations

Staj Durumu / Internship Status Yok None

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

1) Streetman B. and Banerjee S. K., “Solid State Electronics Devices”, Prentice Hall,
2006,
2) Pierret R. F., “Semiconductor Device Fundamentals”, Addison-Wesley, 1996

1. Streetman B. and Banerjee S. K., “Solid State Electronics Devices”, Prentice Hall,
2006,
2. Pierret R. F., “Semiconductor Device Fundamentals”, Addison-Wesley, 1996

Ogretim Uyesi (Uyeleri) / Faculty
Member (Members)

Prof.Dr. ibrahim Avgin, Dog. Dr. Yavuz Oztiirk




OGRENME GIKTILARI / LEARNING OUTCOMES

yari iletken malzemeler ve fizigi temellerini mihendislik uygulamalarinda kullanma becerisi, to be able to use semiconductor materials and their physics in engineering applications,

Muhendislikte kullanilan temel elektronik aygitlar tasarlama ve simule etme becerisi to be able design and simulate fundemental electronic devices used in enginering applications

Elektronik aygitlarin malzemeden Uretimine kadar karsilasilabilecek problemlerini ilgili . . . . .
parametreleriyle tanimlama ve cszme becerisi to be able to identfy and solve the problems encountered in the production of electronic devices

Hizla gelisen yar iletken teknolojilerini takip edebilme becerisi to be able to follow the fast-growing semi-conductor technology

HAFTALIK DERS iGERIGi / DETAILED COURSE OUTLINE
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Hafta / Week

Ogretim Yontem ve

Teknikleri/Teaching Methods On Hazirlik / Preliminary

Teorik Dersler / Theoretical Uygulama Lab

Techniques

MALZEMELERIN KRISTAL OZELLIKLERI : yariiletken malzemeler,
1 kristal kafes yapilan

CRYSTAL PROPERTIES OF MATERIALS: semiconductor materials,
crystal lattice structures

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

Techniques

MALZEMELERIN KRISTAL OZELLIKLERI: kristal kafes yapilan,

2 dizlem ve dogrular igin Miller indisler
CRYSTAL PROPERTIES OF MATERIALS: crystal lattice structures,
Miller indises of planes and vectors
Teorik Dersler / Theoretical Uygulama Lab ?g;ﬁiﬁ:ﬁgtsgig Methods On Hazirlik / Preliminary
Techniques
YARIILETKENLERDEKI ENERJi BANTLARI VE YUK TASIYICILARI:
3 Katilardaki enerji bantlari, yariiletkenlerdeki yik tasiyicilan, yik

konsantrasyonu

ENERGY BAND DIAGRAM AND CHARGE CARRIERS: energy band
diagrams of solids, charge carriers, charge densities

Teorik Dersler / Theoretical Uygulama Lab ?g&ﬁ;g;:{ﬁg:&ig Methods On Hazirlik / Preliminary

Techniques

YARIILETKENLERDEKI ENERJI BANTLARI VE YUK TASIYICILARI:
4 yuklerin drift hareketi ve mekanizmasi, Fermi fonksiyonu ve eneriji
seviyesi

ENERGY BAND DIAGRAM AND CHARGE CARRIERS: drift and
difusyon mechanisms of carriers, fermi functions snd fermi energy
level

gretim YO "
Teorik Dersler / Theoretical Uygulama Lab '?glzﬁgll(rlnerils)l'gt:é?]i\r’:; Methods On Hazirlik / Preliminary

Technigues

YARIILETKENLERDEKI FAZLA YUK TASIYICILARI: Optik
absorplama, Luminesans, tasiyici 6mir siresi ve fotoiletkenlik

EXCESS CARRIERS IN SEMICONDUCTORS: optical absorbance,
luminescense, carrier lifetime and photoconductivity

3/8




Ogretim Yontem ve

Teorik Dersler / Theoretical Uygulama Lab Teknikleri/Teaching Methods On Hazirlik / Preliminary
. . ._ Techniques
YARIILETKENLERDEKI FAZLA YUK TASIYICILARI: Yiklerin
6 surtiklenme ve difiizyon hareketleri, rekombinasyon ve Uretim
mekanizmalari, azinlk difizyon denklem ¢éziumleri
EXCESS CARRIERS IN SEMICONDUCTORS: drift and diffusion
mechanisms of carriers ,recombination and generation mechanism,
minority diffusion equaitons
Teorik Dersler / Theoretical Uygulama Lab ?g{ﬁ;;{g:{ﬁg:ggi\;z Methods On Hazirlik / Preliminary
Technigues
7 PN KAVSAKLAR: Uretimi, denge sartlari, fermi seviyesi, kontak
potansiyeli, enerji-bant diyagramlari, Depletion bdlgesi ve yuk durumu
PN JUNCTIONS: fabrication, equilibrium conditions, fermi level,
contact potential, energy band diagram, depletion region and charge
. . Ogretim Yont - .
Teorik Dersler / Theoretical Uygulama Lab Tgl:ﬁill(l?;ri/s)rgsgiﬁz Methods On Hazirlik / Preliminary
Techniques
8 PN JONKSIYONLAR: ileri ve geri besleme sartlari, durgun hal
durumlari, akim olusumu ve akisi, kapasitans, anahtarlama
PN JUNCTIONS: forward and reverse biased, steady state conditons,
current-voltage relation, cpacitance effect, switching
gretim YO "
Teorik Dersler / Theoretical Uygulama Lab 'Cl')glzﬁmqeri/(')l'gt:cr:?\i\r,lz Methods On Hazirlik / Preliminary
Technigues
9 PN JONKSIYONLAR:ideal olmama durumlari, metal-yariiletken
jonksiyonlari
PN JUNCTIONS: non-ideal conditions, metal-semiconductor junction,
schottky barrier and ohmic contact
. . Ogretim Yont - .
Teorik Dersler / Theoretical Uygulama Lab Tgl:ﬁiw:eri/?rr;:(r‘}]ﬁ\rg Methods On Hazirlik / Preliminary
Techniques
10 Ara Sinav
Midterm
. . gretim Yont N -
Teorik Dersler / Theoretical Uygulama Lab '?eglzﬁill(r;;ri/(?rr;aeg;i\r/\z Methods On Hazirlik / Preliminary
Techniques
11 CIFTKUTUPLU JONKSIYON TRANSISTOR: galisma prensibi,

yukseltme iglemi, Gretimi

BIPOLAR JUNCTION TRANSISTORS: operating priciples,
amplification, fabrication
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Ogretim Yontem ve

Teorik Dersler / Theoretical Uygulama Lab Teknikleri/Teaching Methods On Hazirlik / Preliminary
_ ' _ Techniques
CIFTKUTUPLU JONKSIYON TRANSISTOR: azinlik tasiciyilari
12 dagihmi, enerji-bant diyagramlari, baz bdlgesi ve yik durumlari,
besleme durumlari
BIPOLAR JUNCTION TRANSISTORS: minority carrier distribution,
energy band diagrams, base regions and charge distributions, biasing
Teorik Dersler / Theoretical Uygulama Lab ?g{ﬁ;;{g:{ﬁg:ggi\;z Methods On Hazirlik / Preliminary
Technigues
13 CIFTKUTUPLU JONKSIYON TRANSISTOR: Anahtarlama, kesime
girme, saturasyon, ideal olmama durumlari, frekans sinirlamalarn
BIPOLAR JUNCTION TRANSISTORS: switching, cut off, saturation,
non-ideal situations, frequency limitations
Teorik Dersler / Theoretical Uygulama Lab ?g&ﬁ;;&gﬁgﬁ&iﬁz Methods On Hazirlik / Preliminary
Techniques
14 ALAN ETKILI TRANSISTORLER: Metal-oksit-yariiletken yapisi,
transistor ¢calisma prensibi, pinch-off ve saturasyon
FIELD EFFECT TRANSISTORS: Metal-oxidet-semiconductor
structure, basic opeartion, pinch-off and saturation
Teorik Dersler / Theoretical Uygulama Lab ?g{ﬁh‘:};:{ﬁgggﬂ\r/‘z Methods On Hazirlik / Preliminary
Technigues
15 |ALAN ETKILI TRANSISTORLER: MOS-FET yapisi ve galisma
prensibi, akim-gerilim karakterizasyonu
FIELD EFFECT TRANSISTORS: MOS-FET structure and basic
operation, current-voltage characterization
Teorik Dersler / Theoretical Uygulama Lab ?g&ﬁﬂg;gﬁgt:&iﬁz Methods On Hazirlik / Preliminary
Techniques
16 Final Sinavi
Final Exam
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DEGERLENDIRME / EVALUATION

Katki Yiizdesi /

Yariyil (Yil) igi Etkinlikleri / Term (or Year) Learning Activities ] Percentage of
Number - A
Contribution (%)

Ara Sinav / Midterm Examination 1 70
Quiz / Quiz 1 30
Toplam / Total: 2 100
Basari Notuna Katki Yiizdesi / Contribution to Success Grade(%): 50

Savi/ Katki Yuzdesi /

Yanyil (Yil) Sonu Etkinlikleri / End Of Term (or Year) Learning Activities Nurr¥ber Percentage of

Contribution (%)

Final Sinavi / Final Examination 1 100
Toplam / Total: 1 100
Basari Notuna Katki Y{izdesi / Contribution to Success Grade(%): 50

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

S e et eEes Number | Duration Work Load

(Hours) (Hour)
Final Sinavi igiin Bireysel Calisma / Individual Study for Final Examination 1 30.00 30.00
Bireysel Calisma / Self Study 14 2.00 28.00
Odev Problemleri igin Bireysel Calisma / Individual Study for Homework Problems 4 5.00 20.00
Final Sinavi / Final Examination 1 2.00 2.00
Derse Katilim / Attending Lectures 14 3.00 42.00
Ara Sinav / Midterm Examination 1 2.00 2.00
Ara Sinav igin Bireysel Calisma / Individual Study for Mid term Examination 1 25.00 25.00

36 69.00 149.00

Toplam / Total:

Dersin AKTS Kredisi = Toplam g Yiikii (Saat) / 30.00 (Saat/AKTS) = 149.00/30.00 = 4.97 ~ / Course ECTS Credit = Total Workload (Hour) / 30.00 (Hour / ECTS) = 149.00 / 30.00 = 4.97 ~

718




PROGRAM VE OGRENME CIKTISI / PROGRAM LEARNING OUTCOMES

Ogrenme Ciktilari /
Learning Outcomes

Program Ciktilari / Program Outcomes

1.1.2

1.1.3

1.1.4

1.1.5

1.1.6

1.1.7

1.1.8

1.1.9

1.1.10

1.1.11

1.1.12

1.1.13

1.1.14

1.1.15

1.1.16

1.1.17

1.1.18

1.yari iletken malzemeler ve
fizigi temellerini mihendislik
uygulamalarinda kullanma
becerisi, / to be able to use
semiconductor materials and
their physics in engineering
applications,

2.Mihendislikte kullanilan
temel elektronik aygitlar
tasarlama ve simile etme
becerisi / to be able design and
simulate fundemental
electronic devices used in
enginering applications

3.Elektronik aygitlarin
malzemeden Uretimine kadar
karsilagilabilecek problemlerini
ilgili parametreleriyle
tanimlama ve ¢6zme becerisi /
to be able to identfy and solve
the problems encountered in
the production of electronic
devices

4.Hizla gelisen yan iletken
teknolojilerini takip edebilme
becerisi / to be able to follow
the fast-growing semi-
conductor technology

Katki Dizeyi / Contribution Level : 1-Cok Duistk / Very low, 2-Diistik / Low, 3-Orta / Moderate, 4-Yuksek / High, 5-Cok Yiiksek / Very high
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