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Definitions 2

☞ Cyclotron Resonance

☞ Direct and Indirect Optical Transitions

☞ Excitons

☞ Optoelectronics

☞ Lasers
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Cyclotron Resonance 3
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Cyclotron Resonance 4
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Cyclotron Resonance 5
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Cyclotron Resonance 6
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Figure 1: Cyclotron theory
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Cyclotron Resonance 7
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Figure 2: Cyclotron resonance in germanium. The magnetic field is oriented at 10 � from

the (110) plane and 30 � from the [100] direction. [Source: Dexter et al. (1956)]

21st September 2003
c	 2003, Michael Marder



Electron Energy Surfaces 8
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Direct Transitions 9

Theory for absorption across energy gap
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Direct Transitions 10
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Figure 3: Measurement of absorption coefficient 	 times �h� , showing a van Hove singu-

larity at onset of optical absorption in the direct gap semiconductor InSb. Data

of Goebli and Fan and reported by Johnson (1967).
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Figure 4: Absorption coefficient 	 in gallium arsenide, showing absorption due to exci-

tons. [Source: Sturge (1962), p. 771.]
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Indirect Transitions 13
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Figure 5: Onset of optical absorption in germanium.. [Source: Macfarlane et al. (1957)]
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Excitons 14
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Figure 6: Schematic view of energy levels resulting from exciton formation.
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Mott–Wannier Excitons 15
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Mott–Wannier Excitons 16
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Mott–Wannier Excitons 17

2.12 2.13 2.14 2.15 2.16

Energy (eV)

L
og

ar
ith

m
of

ab
so

rp
tio

n
(a

rb
itr

ar
y

un
its

)

l � 2

l � 3 l � 4

Figure 7: Absorption in Cu2O. [Experiments of Baumeister (1961), p 361.]
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Solar Cells 18
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Figure 8: The current–voltage characteristic for a solar cell
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Lasers 19
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Lasers 20
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Figure 9: Light in a laser cavity reflects several times back and forth from mirrored ends

of reflection coefficient � so as to stimulate more light emission before exiting.
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Figure 11: (A) Energy levels of Cr3 � in Al2O3 (ruby). (B) Energy levels of Nd in

Y3Al5O12 (Nd:YAG).
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Active Areas 26

☞ Porous Silicon

☞ Negative � dielectrics

☞ Materials to manipulate light as semiconductors manipulate electrons.
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