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Semiconductor devices are widely used m computation and control systems. Computers, telephones,
medical metruments, automobies, and houzehold appheances malce heavy use of semiconductors. This
course explains the how semiconductor dewices work, Before the devices themselves are discussed, a few
concepts of solid state physics will be presented. Solid state physics is the study of how atoms arrange
themselves mto solids and what properties these solids have. Properties that can be calculated using the
principles of sobid state physics mclude electrical conductraty, thermal conductinty, elasticity, yeld
strength, speed of sound, dielectric constant, magnetism, and piezoelectricity.

A proper understanding of the electronic properties of materials 15 only possible when the electrons are
descnbed quantum mechamcally. Therefore, a brief discussion of quantum mechanics will be necessary.
After a few principles of quantum mechanics are infroduced, the electronic properties of metals, msulators,
and semiconductors will be described. Electronic devices typically consist of different materials and the
behawor of the electrons at the mterfaces between the matertals 15 very mmportant. The properties of
electromic matenals and the mterfaces between electrome matenals can be used to explam the behawior of a
variety of semiconductor devices such as light ermtting diodes, solid state lasers, sensors, bipolar
transistors, and field effect transistors. & device that 15 used extensively in integrated circuits is the
MWMOSFET (Metal Oumide Semiconducter Field Effect Transistor). We will spend several weeks discussing
the properties of WIOSFET:.
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The first point contact transistor
William Shockley, John Bardeen, and Walter Brattain
Bell Laboratories, Murray Hill, New Jersey (1947)
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Jack Kilby's first integrated circuit 1958
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International Technology Roadmap for Semiconductors

ITRS 2009 Edition
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International Technology Roadmap for Semiconductors
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Conductivity
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 Important semiconducting material
* 2nd most common element on earths crust 1683  DIA 625

(rocks, sand, glass, concrete)
 Often doped with other elements
* Oxide S10, 1s a good nsulator

silicon crystal = diamond crystal structure



Silicon

Large (2 m) single crystals are grown

@ Float zone

http://en.wikipedia.org/wiki/Czochralski process



Silicon wafers

50 um - 0.5 mm thick




Photolithography
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EBPG (Electron beam pattern generator)

100 kV > A=0.12 nm
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Fig. 2 Schematic cross section of present CMOS FETs with
multilayered wiring.
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