ECE 440: Lecture 3
Fall 2008, Prof. Eric Pop
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Graphite (pencil lead) = parallel sheets of graphene
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[image: image4.wmf]Carbon nanotube = rolled up sheet of graphene
The Bohr model of the (isolated) Si atom (N. Bohr, 1913):
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Note: inner shell electrons screen outer shell electrons from the positive charge of the nucleus (outer less tightly bound)

Key result of quantum mechanics (E. Schrödinger, 1926):

· Particle/wave in a single (potential energy) box

· Discrete, separated energy levels
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Key result of wave mechanics (F. Bloch, 1928):

· Plane wave in a periodic potential
· Wave momentum k only unique up to 2π/a
· Only certain electron energies allowed, but those can propagate (theoretically) unimpeded, as long as lattice spacing is “perfectly” maintained

· But, resistance introduced by: ________ and ________
Energy levels when atoms are far apart:
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Energy levels when atoms are close together (their potential wells interact):
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Energy levels from discrete atoms to crystal lattice:
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· Energy states of Si atom expand into energy bands of Si lattice
· Lower bands are filled with electrons, higher bands are empty in a semiconductor

· The highest filled band = ___________ band
· The lowest empty band = ___________ band
· Insulators?
· Metals?
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Simplified version of energy band model, indicating

• bottom edge of the conduction band (E

c

)

• top edge of the valence band (E

v

)
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· Band structure explains why SiO2 (diamond, etc) is insulating, silicon is semiconducting, copper is a metal
· For electrons to be accelerated in an electric field they must be able to move into new, unoccupied energy states.
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· Water bottle flow analogy (empty vs. full)

· So, what is a hole then?
In devices we usually draw:
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Simplified version of energy band model, indicating

· Top edge of valence band (EV)

· Bottom edge of conduction band (EC)

· Their separation, i.e. band gap energy (EG)
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