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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
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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



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



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



Micromechanics



Micromechanics

http://en.wikipedia.org/wiki/Cantilever#mediavie
wer/File:AFM_%28used%29_cantilever_in_Scan
ning_Electron_Microscope,_magnification_1000
x.GIF



Micromechanics





http://www.if.tugraz.at/memm.html
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Silicon

silicon crystal = diamond crystal structure

• Important semiconducting material
• 2nd most common element on earths crust 
(rocks, sand, glass, concrete)
• Often doped with other elements
• Oxide SiO2 is a good insulator



Franssila



Silicon 

Franssila



Franssila
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diamond
C
Si
Ge

•Primitive Vectors: 

•Basis Vectors: 

Number: 227
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Silicon surfaces

(Source: Sandia 
Nat.Labs.)

2×1 
Si(100)

7×7
Si(111)



Miller indices: Crystal planes

( ) specific plane
{ } family of equivalent planes

always use integers for h,k,l

A plane with the intercepts 
1/h,1/k,1/l is the (h,k,l) plane.
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b

c

x
yz

MOSFETs are made on <100> wafers



Strain

A distortion of a material is described by the strain matrix
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Stress

9 forces describe the stress

Xx, Xy, Xz, Yx, Yy, Yz, Zx, Zy, Zz

Xx is a force applied in the x-direction to the 
plane normal to x

Xy is a sheer force applied in the x-direction to 
the plane normal to y

yx z

x y z

yx z

x y z

yx z

x y z

XX X
A A A

YY Y
A A A

ZZ Z
A A A

σ

 
 
 
 
 =
 
 
 
 
 

stress tensor: 

Stress is force/m2
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Stress and Strain

The stress - strain relationship is described by a rank 4 
stiffness tensor. The inverse of the stiffness tensor is the 
compliance tensor.

ij ijkl klsε σ=

ij ijkl klcσ ε=

Einstein convention: sum over repeated indices.
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