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Vector'Potential
Maxwell's Equations
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Wave Equations:
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Wave Equations are invariant under 
"Gauge Transformation"

A '
!"!
= A
!"
+∇ξ

φ ' = φ − ∂ξ
∂t

+

,
-

.
-

⇒One can choose the value of ∇iA
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Lorenz'and'Coulomb'Gauges

Lorenz Gauge:  
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Coulomb Gauge  
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For optical field, ρ = 0,   φ=0
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Electron)Photon,Interaction
Hamiltonian in the absence of light 
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Generalized momentum of a charged 
particle in an electromagnetic field 
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(modification represents EM fields' ability 
to accelerate or decelerate electrons)
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• For%a%brief%review%of%Hamiltonian%classical%mechanics,%see%
http://en.wikipedia.org/wiki/Hamiltonian_mechanics#Using_Hamilton.27s_equations
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Optical(Matrix(Element
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Typical(Values(of(Optical(Matrix(Element
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The optical matrix element is often expressed in Ep :

e! ⋅P
"#
cv

2

=
m0
6
Ep

Typical values of Ep  (Table K.2 on p.709 of Chuang textbook)

GaAs:  Ep = 25.7 eV               The corresponding r
#
ba ~ 0.4 nm

AlAs:  Ep = 21.1 eV

InAs:  Ep = 22.2 eV

InP:    Ep = 20.7 eV

GaP:  Ep = 22.2 eV
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Fermi’s(Golden(Rule

   

Two-level system, monochromatic light:
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Two-level system, non-monochromatic light:
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where P(!ω ) :  number of photons per unit volume per energy interval
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Two$Level)System)in)
Non$Monochromatic)EM)Field
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   dispersion relation (~ E-k relation for electrons)
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Joint&Density&of&States&for&
Semiconductor

   

The electron states associated with optical transition

are related by conservation of mementum: k
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Absorption*Coefficient

   

CB completely full, VB completely empty, total upward transition at !ω:
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Absorption*Coefficient

• Light*intensity*decays*
exponentially*in*semiconductor:

• Direct*bandgap*semiconductor*
has*a*sharp*absorption*edge

• Si*absorbs*photons*with*
hv*>*Eg =*1.1*eV,*but*the*
absorption*coefficient*is*small
– Sufficient*for*CCD

• At*higher*energy*(~*3*eV),*
absorption*coefficient*of*Si*
becomes*large*again,*due*to*
direct*bandgap*transition*to*
higher*CB

xeIxI !!""== 0)(
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Absorption*Coefficient*for*GaAs
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Comparison*with*Experimental*
Absorption*Coefficients

• M.$D.$Sturge,$“Optical$Absorption$of$Gallium$Arsenide$between$0.6$and$2.75$eV,”$Phys.$Rev.,$vol.$
127,$no.$3,$pp.$768–773,$Aug.$1962.

• Absorption edge is more “square”$than$the$square$root$function$predicted$by$simple$density$of$states$
theory

• Modified$theory$considers$Coulomb$interactions$between$electron$and$hole,$and$consequent$
formation$of$excitons$(additional$fitting$needed$to$account$for$complex$shape$of$hole$bands).
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Comparison*with*Experimental*
Absorption*Coefficients

• M.$D.$Sturge,$“Optical$Absorption$of$Gallium$Arsenide$between$0.6$and$2.75$eV,”$Phys.$Rev.,$vol.$
127,$no.$3,$pp.$768–773,$Aug.$1962.

• Absorption edge is more “square”$than$the$square$root$function$predicted$by$simple$density$of$states$
theory

• Modified$theory$considers$Coulomb$interactions$between$electron$and$hole,$and$consequent$
formation$of$excitons$(additional$fitting$needed$to$account$for$complex$shape$of$hole$bands).
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