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Prerequisites)

Dersin Adi Course Name
Mikro-Elektro Mekanik Sistemlere Giris INTRODUCTION TO MICRO-ELECTRO MECHANICAL
(MEMS) SYSTEMS (MEMS)
Ders Uygulamasi, Saat/Hafta
(Course Implementation, Hours/Week)
Kredisi o
Kodu Yariyih (Local AKTS Kredisi Ders Uygulama Laboratuar
(Code) (Semester) Credits) (ECTS Credits) | (Theoretical) (Tutorial) [ (Laboratory)
IML 467
IML 467E 8 3 5.5 3 - -
 Boliim / Program | \fakina Miihendisligi / imalat Miihendisligi
(Department/ Mechanical Engineering / Manufacturing Engineering
Program)
Tiirkge/Ingilizce
Dersin Tiirii Sec¢meli Dersin Dili Turkish/English
(Course Type) (Elective) (Course Language)
Dersin IML 336 /336 E min DD
Onkosullari
(Course

Dersin mesleki
bilesene katkisi, %
(Course Category
by Content, %)

Temel Bilim Temel Miihendislik Miihendislik Tasarim | Insan ve Toplum Bilim
(Basic Sciences) (Engineering Science) (Engineering Design) (General Education)
- 25% 75%

Dersin icerigi

(Course
Description)

Temel silisyum-esasli mikro imalat. Govde ve yiizey mikroigleme.

Mekanik sensérlerin temelleri. Diyaframlar ve membranlar. Kuvvet ve basing sensorleri. Ivme
ve acisal hiz sensorleri. Akis sensorleri. Elektronik arayiiz olusturma. Kiliflama

Basic silicon-based micro fabrication. Bulk and surface micro machining.
Basics of mechanical sensors. Diaphragms and Membranes. Force and Pressure Sensors. Acceleration
and Angular Rate Sensors. Flow sensors. Resonant Sensors. Electronic Interfacing. Packaging.

Dersin Amaci

(Course Objectives)

1.Mikro-sensorlerin imalatinda kullanilan temel tekniklere giris

2.Farkli mekanik sensorlerin tanitilmasi ve mekanik sensorlerin imalat teknikleri kadar 6lgme
mekanizmalarinin da 6gretilmesi

3.Mikro 6lgekte bir mekanik sensoriin nasil tasarlanacaginin dgretilmesi

1. To introduce basic techniques used in manufacturing micro-sensors

2. To introduce different mechanical sensors and to teach their sensing mechanisms as well as
their manufacturing techniques

3. To teach how to design a mechanical sensor in micro scale

Dersin Ogrenme
Ciktilan

(Course Learning
Outcomes)

Bu dersi basart ile bitiren 6grenciler;

1. Silisyum-esasli MEMS teknolojisinin temel imalat tekniklerini 6grenecekler, (e)

2. Mikro-mekanik sensorlerin nasil imal edildigini 6grenecekler, (¢)

3. Mikro-6lgekte algilama mekanizmalarini anlayacaklar, (c)

4. Makina mithendisligi uygulamalari i¢in bir mikro-elektromekanik sensor tasarlayabilecek. (c)

The students passing the course will be able to:

(Note: The letter(s) in parentheses addresses the relevant program outcome(s))

The students passing the course will be able to:

(Note: The letter(s) in parentheses addresses the relevant program outcome(s))
1. Learn basic manufacturing techniques in Si-based MEMS technology (e)

2. Learn how to manufacture micro-mechanical sensors (e)

3. Understand sensing mechanisms in micro-scale (e)

4. Design a micro-mechanical sensor for mechanical engineering applications (c)




Ders Kitab

1) An Introduction to Microelectromechanical Systems Engineering, by Nadim Maluf and Kirt Williams,

(Textbook) published by Artech House, ISBN: 1580535909
2) MEMS and microsystems : design and manufacture / Tai-Ran Hsu Boston : McGraw-Hill, c2002,
ISBN: 0072393912

Diger Kaynaklar | 1) The MEMS Handbook, Mohamed Gad-EIl-Hak, ISBN: 0849300770

(Other References)

2) Microsensors, MEMS and Smart Devices, by Julian W. Gardner and Vijay K. Varadan. ISBN:
047186109X

Odevler ve
Projeler

(Homework &
Projects)

5 6dev, 1 donem projesi.

5 homework, 1 term project.

Laboratuar
Uygulamalan
(Laboratory

Work)

Yok

None

Bilgisayar
Kullanimi

(Computer Use)

Diger }
Uygulamalar
Visit to ITU MEMS LABORATORY FACILITIES
(Other Activities)
Basan Faaliyetler Adedi Degerlendirmedeki Katkisi, %
Degerlendirme (Activities) (Quantity) (Effects on Grading, %)
Sistemi Yil i¢i Siavlan 2 Ogretim iiyesine birakilmistir
(Midterm Exams) (Up to instructor)
(Assessment Kisa Sinavlar - -
Criteria) (Quizzes)
Odevler 5 Ogretim tiyesine birakilmistir
(Homework) (Up to instructor)
Projeler 1 Ogretim iiyesine birakilmistir
(Projects) (Up to instructor)
Dénem Odevi/Projesi - -
(Term Paper/Project)
Laboratuar Uygulamasi - -
(Laboratory Work)
Diger Uygulamalar - -
(Other Activities)
Final Sinav1 1 40 % min., 60 % max.
(Final Exam)




DERS PLANI

Dersin
Hafta Konular Ciktilar
1 MEMS’e genel bakis ve Mikro-sistemler 3
2 Mikro-sistemlerin ¢alisma prensipleri 3
3 Mikro-sistem Tasartmi ve Imalatinin Miihendislik Bilimi ve Mekanigi 1
4 MEMS malzemeleri 1
5 Olceklendirme kurallart 3
6 Temel proses ve araglar, vakum altinda imalat 1
7 Optik litografi ARASINAYV | 1-2
8 Malzemelerin kuru ve 1slak agindirilmasi 1-2
9 Si-govde mikro isleme imalat 1-2
10 Si-yiizeysel mikro isleme imalat 1-2
11 Sensorlerin tipleri ve uygulamalari 3
12 Bir mekanik sensoriin tasarimi (1) 4
13 Bir mekanik sensoriin tasarimu (1I) 4
14 MEMS’in kiliflanmasi ve giivenilirligi ARASINAV I 1-2
COURSE PLAN
Course
Weeks Topics Qutcomes
1 Overview of MEMS and Microsystems 3
2 Working Principles of Microsystems 3
3 Engineering Science and Mechanics for Microsystem Design and Fabrication 1
4 Materials for MEMS 1
5 Scaling Laws in Miniaturization 3
6 Basic Processing and tools, manufacturing under vacuum 1
7 Optical Lithography MIDTERM I 1-2
8 Dry and wet etching of materials 1-2
9 Si-bulk micromachining 1-2
10 Si-surface micromachining 1-2
11 Types of sensors and applications 3
12 Designing a mechanical sensor (1) 4
13 Designing a mechanical sensor (I1) 4
14 Reliability and packaging of MEMS MIDTERM 11 1-2




Dersin imalat Miihendisligi Programyla iliskisi

Katki
Programin mezuna kazandiracag bilgi ve beceriler (programa ait ciktilar) Seviyesi

1 2

>

Imalat problemlerinin ¢dziimiine temel ve miithendislik bilimlerinin prensiplerini
uygulama becerisi

Deney tasarlayip yiiriitebilme, sonug¢larini analiz edip yorumlayabilme becerisi

Olm

Bir makinay1, pargasini veya prosesi, beklenen performansi, imalat 6zelliklerini ve X
ekonomikligi saglayacak sekilde se¢me, gelistirme ve tasarlama becerisi

Cok disiplinli takimlarda caligabilme ve/veya liderlik yapma becerisi

Imalat Miihendisligi problemlerini tanimlama, formiile etme ve ¢dzme becerisi

Mesleki ve etik sorumluluk anlayisina sahip olma

Tiirkce ve Ingilizce etkin yazili ve sozlii iletisim kurma becerisi

Imalat miihendisliginin ulusal ve kiiresel boyutlardaki etkileri hakkinda bilgi sahibi olma

Yasam boyu (siirekli) 6grenimin 6nemini algilamis olma

Imalat miihendisliginin giincel ve ¢cagdas konularina iliskin bilgi sahibi olma

X<~ T(o|m|m|o

Miihendislik tasarim ve analizlerinde bilgisayar yazilimlar1 gibi modern mithendislik
yontemlerini ve gagdas bilgi erisim olanaklarini kullanabilme becerisi

® Tam O Kismi

Relationship between the Course and Manufacturing Engineering Curriculum

Level of
Program Outcomes Contribution

1 2

An ability to apply knowledge of mathematics, science and engineering on manufacturing
engineering problems

An ability to design and conduct experiments as well as to analyze and interpret data and
use modern tools and equipment

An ability to select develop and/or design a system, component or process to meet desired X
performance manufacturing capabilities and economic requirements

An ability to function on and/or develop leadership in multi-disciplinary teams

An ability to identify, formulate and solve manufacturing engineering problems X

An understanding of professional and ethical responsibility

An ability for effective written and oral communication in Turkish and English

oK |—h|D o

An ability to understand and comment on the impact of manufacturing engineering
solutions in a national and global context

A recognition of the need for, and an ability to engage in life-long learning

A knowledge of contemporary issues in manufacturing engineering

Xl—-

An ability to use the techniques, skills, and modern engineering tools, such as computer
programs, necessary for engineering design and analysis and use modern information

systems

® Full O Partial

Diizenleyen (Prepared by) Tarih (Date) Imza (Signature)
Program Yiiriitme Kurulu 8/1/2010

(Program Steering Committee)




