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Yariiletken Elemanlarin ve Diizenlerin Modellenmesi

Modeling of Semiconductor Components and Devices

Ders Seviyesi
Kodu Yariyih Kredisi AKTS Kredisi (Course Level)
(Code) (Semester) (Local Credits) (ECTS Credits)
ELE517 Gliz 3 7.5 YL
(Fall (M.Sc.)
Lisansiistii Program Elektronik Miihendisligi
(Graduate Program) (Electronics Engineering)
Dersin Tiirii Zorunlu Dersin Dili Turkge
(Course Type) (Compulsory) (Course Language) (Turkish)

Dersin icerigi
(Course Description)

30-60 kelime arasi

Modelleme kavrami. Eleman modelleri: Diyot modelleri. Bipolar tranzistor modelleri: EM (Ebers- Moll) 1
modeli, EM2 modeli, EM3 modeli, Gummel-Poon modeli, SPICE Gummel-Poon modeli, gelistirilmis EM
modeli. JFET modelleri: SPICE JFET modeli, yiiksek dogruluklu JFET modeli. MOSFET modelleri:
SPICE 1. diizey, 2. diizey, 3. diizey, 4. diizey MOS modelleri. Yiiksek dogruluklu MOSFET modeli.
Makromodeller: islemsel kuvvetlendirici, Gerilim karsilastirici, Islemsel gegis iletkenligi kuvvetlendiricisi
(OTA), akim tastyici, analog ¢arpma devresi makromodelleri. Gii¢ elektronigi elemanlarinin modellenmesi.
Model parametrelerinin 6l¢iilmesi.

Modeling concept. Modeling of the junction diode: Static and dynamic parameters. SPICE diode model.
Modelling of the BJT. Ebers-Moll equations; EM1 EM2 and EM3 models, Gummel-Poon model, SPICE
BJT model. Modified EM model. JFET models. MOSFET models: SPICE Level-1, Level-2, Level-3 and
Level-4 models, MOSFET models with extended accuracy. Macromodels: Op-Amp., Comparator,
operational transconductance amplifier (OTA), Current Conveyor, Analog Multiplier Macromodels.
Measurement of model parameters.

Dersin Amaci
(Course Objectives)

Maddeler halinde 2-5 adet

1) Modelleme kavramint 6grenme

2) Bilgisayarla benzetime yonelik olarak temel elektronik elemanlarin ve tiimdevre yapilarinin dogrusal
olmayan modelleri ve makromodelleri hakkinda bilgi sahibi olma

3) Eleman modeli ve makromodel gelistirme yetisini verme

4) Model parametresi 6lgme yontemleri gelistirme yetisi

1) Examining of modeling concept

2) To give knowledge about nonlinear models and macromodels of basic electron devices and IC blocks for
computer simulations

3) Ability of designing models and macromodels for electron devices and IC building blocks

4) Ability of deriving new methods to measure model parameters

Dersin Ogrenme
Ciktilan

(Course Learning
Outcomes)

Maddeler halinde 4-9 adet

Bu dersi basariyla tamamlayan yiiksek lisans 6grencileri agagidaki konularda bilgi, beceri ve yetkinlik
kazanirlar;

1) Fiziksel sistemlerin modellemesi kavramini 6grenmis olurlar.

2) Bilgisayarla benzetime yonelik olarak, temel elektronik elemanlar ve tiimdevre yapilar1 i¢in dogrusal
olmayan modeller ve makromodelleri rahat¢a kullanabilirler..

3) Yeni aktif elemanlar i¢in model gelistirebilirler.

4) Model parametrelerinin belirlenmesi i¢in yeni 6lgme yontemleri gelistirebilirler.

M.Sc. students who successfully pass this course gain knowledge, skill and competency in the following
subjects;

1) Sufficient Knowledge about modeling concept

2) Ability of using nonlinear models and macromodels of basic electron devices and IC blocks for
computer simulations

3) Ability of deriving new models and macromodels for new active elements

4) Ability of deriving new measurement methods for model parameters




Kaynaklar
(References)

En onemli 5 adedini belirtiniz

1. H. Kuntman, Elektronik Elemanlarin Modellenmesi, ITU Kiitiiphanesi, Say1 1600,

1998.

2. D. P. Foty, MOSFET modeling with SPICE Principles and Practice, Prentice Hall,

1997.

3. P.R. Gray, PJ. Hurst, S.H. Lewis, R.G. Meyer, Analysis and design of analog
integrated circuits, 4" Edition, John Wiley & Sons, Inc., 2001.
4. P. Antognetti, G. Massobrio, Semiconductor device modeling with SPICE, Mc Graw

Hill, 1988.

5. W. Lu, MOSFET models for SPICE simulation including BSIM3v3 and BSIM4, John
Wiley & Sons, New York, 2001.

Odevler ve Projeler

(Homework & Projects)

Doénem iginde 4 6dev

4 Homeworks

Laboratuar Uygulamalari

(Laboratory Work) -
Bilgisayar Kullanim SPICE benzetimi
(Computer Use)

SPICE simulations
Diger Uygulamalar

Seminer Sunumu
(Other Activities)

Seminar Presentations

Basar1 Degerlendirme
Sistemi

(Assessment Criteria)

Faaliyetler
(Activities)

Adedi*
(Quantity)

Degerlendirmedeki Katkisi, %
(Effects on Grading, %)

Y1l ici Sinavlan
(Midterm Exams)

1

%15

Kisa Siavlar

(Quizzes)

Odevler
(Homework)

%20

Projeler
(Projects)

Donem Odevi/Projesi
(Term Paper/Project)

Laboratuar Uygulamasi
(Laboratory Work)

Diger Uygulamalar
(Other Activities)

%15

Final Sinavi
(Final Exam)

1

%50

*Yukarida Belirtilen Sayilar Minimum Olup Yerine Getirilmesi Zorunludur.




DERS PLANI

Dersin
Hafta Konular Ciktilan
1 Modelleme kavrami. Eleman modelleri: Diyot modelleri. 1,2,3
2 Bipolar tranzistor modelleri: EM (Ebers- Moll) 1 modeli, EM2 modeli, EM3 modeli 1,2,3
3 Gummel-Poon modeli 1,2,3
4 SPICE Gummel-Poon modeli, gelistirilmis EM modeli 1,2,3
5 JFET modelleri: SPICE JFET modeli, yiiksek dogruluklu JFET modeli 1,2,3
6 MOSFET modelleri: SPICE 1. Diizey ve 2. diizey MOS modelleri 1,2,3
7 SPICE 3. diizey MOS modelleri 1,2,3
8 BSIM modelleri 1,2,3
9 Yiiksek dogruluklu MOSFET modelleri 1,2,3
10 Islemsel kuvvetlendirici, Islemsel gecis iletkenligi kuvvetlendiricisi (OTA) makromodelleri 1,2,3,4
11 Akim tastyici, analog ¢arpma devresi makromodelleri 1,2,3,4
12 Giig elektronigi elemanlart makromodelleri 1,2,3,4
13 Eleman Modeli parametrelerinin dl¢iilmesi 1,2,3,4
14 Makro model parametrelerinin dlgiilmesi 1,2,3,4
COURSE PLAN
Course
Weeks Topics Qutcomes
1 Modeling concept. Modeling of the junction diode 1,2,3
2 Modeling of the BJT: Ebers-Moll equations; EM1 EM2 and EM3 models 1,2,3
3 Gummel-Poon model 1,2,3
4 SPICE BJT model. Modified EM model 1,2,3
5 JFET models, models with extended accuracy 1,2,3
6 MOSFET models: SPICE Level-1 and Level-2 models 1,2,3
7 SPICE Level-3 model 1,2,3
8 BSIM models 1,2,3
9 MOSFET models with extended accuracy 1,2,3
10 Macromodels for operational amplifiers (Op -Amp.), operational transconductance amplifiers | 1, 2, 3, 4
(OTAs)
11 Current Conveyor (CCII), Analog Multiplier Macromodels 1,2,3,4
12 Macromodels for power electron devices 1,2,3,4
13 Measurement of device model parameters 1,2,3,4
14 Measurement of macromodel parameters 1,2,3,4

NOT-1: Ders plani, sadece hafta bazinda islenen ders konularimi icermeli, ara ve
kisa sinavlar ders planlarina yazilmamahdir.




Dersin Elektronik Miihendisligi Yiiksek Lisans Programyla Iliskisi

Katki
Programin mezuna kazandiracag bilgi, beceri ve yetkinlikler (programa ait ¢iktilar) Seviyesi

1|2

i. Elektronik Miihendisligi alaninda bilgilerini uzmanlik diizeyinde gelistirebilme ve bu bilgileri
kullanarak, sorunlar1 ¢dziimleyebilme ve yeni bilgiler tiretebilme (bilgi ve beceri).

ii. Elektronik Miihendisligi’nin iligkili oldugu disiplinler arasi etkilesimi kavrayabilme, edindigi
bilgileri farkli disiplin alanlarindan gelen bilgilerle biitiinlestirerek yorumlayabilme ve yeni
bilgiler olusturabilme (beceri).

iii. Elektronik Miihendisligi ile ilgili uzmanlik gerektiren sorunlarin ¢oztimii i¢in yeni stratejik
yaklagimlar gelistirebilme ve sorumluluk alarak ¢6ziim iiretebilme ve gerektiginde liderlik
yapabilme(Bagimsiz Calisabilme ve Sorumluluk Alabilme Yetkinligi).

iv. Elektronik Miihendisligi’nde edindigi uzmanlik diizeyindeki bilgi ve becerileri elestirel bir
yaklagimla degerlendirebilme (Ogrenme Yetkinligi).

v. Elektronik Miihendisligi’ndeki giincel gelismeleri ve kendi ¢alismalarini ulusal veya uluslar arasi
gruplara, yazili, sozlii ve gorsel olarak sistemli bicimde aktarabilme (Iletisim ve Sosyal Yetkinlik).

vi. | Ingilizce kullanarak sozlii ve yazili iletisim kurabilmek (Tletisim ve Sosyal Yetkinlik). X

vii. | Bilgisayar yazilimi ve iletisim teknolojilerini yiiksek diizeyde kullanabilme ({letisim ve Sosyal
Yetkinlik).

viii. | Elektronik Mithendisligi ile ilgili verilerin toplanmasi, yorumlanmasi, uygulanmasi ve
duyurulmasi asamalarinda toplumsal, bilimsel, kiiltiirel ve etik degerleri gozeterek denetleyebilme X
ve bu degerleri 6gretebilme (4lana Ozgii Yetkinlik).

ix. Elektronik Miihendisligi ile ilgili konularda uygulama planlar gelistirebilme ve elde edilen
sonuglari, kalite siirecleri cergevesinde degerlendirebilme (Alana Ozgii Yetkinlik).

1: Az, 2. Kismi, 3. Tam

Relationship between the Course and Electronics Engineering M.Sc. Program

Level of
Program Outcomes Contribution

1 2 3

i. Develop knowledge in the field of Electronics Engineering at the level of expertise and use this

information to analyze problems and produce new information (Knowledge and skill) X

ii. Demonstration of intellectual capacity for multidisciplinary interaction related to Electronics
Engineering, and contruction of new information based on the integration of prior knowledge X
(Skill)

ii. Developing new strategic approaches to solve problems in Electronics Engineering requiring
relevant expertise, producing solutions by taking responsibility and showing leadership X
(Competence to work independently and take responsibility)

iv. Critical evaluation of acquired expertise-level knowledge and skills in the field of Electronics
Engineering (Learning competence)

v. Systematic communication of current developments and own studies in the field of Electronic
Engineering to national and international audience in written, oral or visual format X
(Communication and social competency)

vi. Demonstration of oral and written communication using the English language (Communication
and social competency)

vii. | High-level of competence in information and communication technologies (Communication
and social competency)

viii. | Consideration of social, scientific, cultural and ethical values and the ability to teach these
values to others during the collection, interpretation, practice and publication of Electronics X
Engineering related data (4rea-specific competency)

ix. Development of implementation plans in the field of Electronics Engineering and their
evaluation within the frame of quality assurance (4rea-specific competency)

1: Little, 2. Partial, 3. Full

NOT-2: Ders ile ilgisi olmayan ciktilarin bos birakilmasi gerekmektedir.

Diizenleyen (Prepared by) Tarih (Date) Imza (Signature)
H. Hakan Kuntman 21.06.2011







