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Jack Kilby's first integrated circuit 1958



The complexity for minimum component costs has 
increased at a rate of roughly a factor of two per year. 
Certainly over the short term this rate can be expected to 
continue, if not to increase. Over the longer term, the rate 
of increase is a bit more uncertain, although there is no 
reason to believe it will not remain nearly constant for at 
least 10 years.

G. Moore, 1965

Moore's law



http://en.wikipedia.org/wiki/Moore%27s_law#mediaviewer/File:Transistor_Count_and_Moore%27s_Law_-_2011.svg



10 nm

http://pub.eecs.wsu.edu/~osman/EE597/FINFET/finfet4.pdf



Microelectronics

Silicon chips are used in computers, mobile 
telephones, and microcontrollers. 

1 trillion transistors are produced simultaneously 
on a wafer. 

1 µprocessor ~ 1 billion transistors ~ 100 Euros 
1 transistor for 10-5 cents. 

105 transistors ~ 1 cent → packaging is the 
major cost for simple circuits

100 euro/cm2

Gate length ~ 15 nm 

Institute of Solid State Physics
Technische Universität Graz





Micromechanics



Top – down technologieIC-Fabrication



http://www.if.tugraz.at/memm.html
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e-Books 
Technische Universität Graz

International Technology 
Roadmap for Semiconductors

Electronic Materials
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Be able to describe the processes used in microelectronics

Understand a research article about microelectronics

Given the description of a device, be able to describe how 
that device could be fabricated.
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Examination 
Technische Universität Graz

One contribution to improve the course

Make notes for the exam

Improve the website

Examples of fabrication processes

Finding better images, resources, videos,...

Oral exam (bring one page of handwritten notes)
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Feb 17, 2017



http://www.itrs.net/reports.html



http://www.itrs.net/reports.html







DRAM
Dynamic random access memory



MEMs gyroscopes



Vertical-cavity surface-emitting laser (VCSEL)

http://wwwold.fi.isc.cnr.it/users/giovanni.giacomelli/Semic/Samples/samples.html



Hearing aids
Phones, Tablets
Machine health
Noise cancellation

http://www.memsjournal.com/2011/03/overview-of-mems-microphone-technologies-for-consumer-applications.html

MEMs microphones



http://ieeexplore.ieee.org/xpls/icp.jsp?arnumber=6817527

AFM

Contact model ~15 kHz
Noncontact mode ~200 kHz

Stiffer beams are used in nc-
mode to avoid stiction.



Quantum cascade lasers

http://opticalengineering.spiedigitallibrary.org/article.aspx?articleid=1096486



http://ieeexplore.ieee.org/xpls/icp.js
p?arnumber=6817527



https://en.wikibooks.org/wiki/Engineering_Acoustics/Acoustic_Micro_Pumps

Microfluidic pump

Black transducers off
Brown on 
Reverses flow



Electromotors

http://ieeexplore.ieee.org/xpls/icp.jsp?arnumber=6817527&tag=1
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