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Overview 

• Introduction (Fox-Ch1) 

• Response function 

• Optical processes 

• Optical constants 

• Waves in solids (Fox-Appendix A) 

• Maxwell equations and wave equation 

• Models (Fox-Ch2,3,7) 

• Lorentz model 

• Drude-Lorentz model 

• Transition rates, QM treatment 

• Magneto-optical effects, XMCD  

• Inelastic light scattering 

• Non-linear optics 

• Time resolved optics 

• Optical modification of matter  
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Semiconductors (Fox 3) 
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Absorption in semiconductors 
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Energy bands in solids 
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Fundamental absorption edge 

• Direct semiconductors 
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GaAs and SiC 
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Transition rates 
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Optical transitions 
• Conservation of energy and momentum 

 

 

 

• Fermi golden rule: transition rate 

 

 

 

• Photon momentum ~0, many combinations of states with  
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Density of states 
How many states are there in a given interval dk ? Or in an interval dE ? 

 

Volume of a sphere in k-space: 4/3  k3 

Volume one state occupies in k-space: (2/a)3 

Number of spin degenerate states within the sphere:  
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Density of states: 

In energy space 

For free electrons: 

E
mm Em

k
m

k

mk

dE

dk
kDED

32

2/3

222222

2 22
)()(

 




Photons & Matter – Lecture 6 – PvL –  May 24, 2016 -- 10 

Bandgap absorption by direct semiconductors 

• Transition rate proportional to available initial and final states 

• Initial states: Valence band 

 

• Final states: Conduction band 
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Direct transitions 
• Absorption coefficient proportional to transition rate 

(beer’s law: dI=-zI(z)  I(z)=I0e
-z) 

gg

g

EE

E












2/3)(     :For 

0)(     :For 

fiW
dz

dI

I


1




Photons & Matter – Lecture 6 – PvL –  May 24, 2016 -- 12 

Germanium 
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GaP phonon structure 
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Semiconductors in a magnetic field 
• At high enough fields: quantization of orbits and energy 
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• For B=Bz:  

 

 

 

 

 

• Strong absorption for kz=0   

 equidistant peaks in absorption spectrum 

 

• Absorption edge shift in magnetic field  
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Ge in a magnetic field 
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Cyclotron resonance 

• Transitions with n = 1 

• 24000 Mc/sec ~ 1 meV 

• Energy fixed, scan B  

mass effective determine    
*
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Wannier-Mott Excitons 
• Conduction band: electrons with mass me

* 

• Valence band: holes with mass mh
* 

• Hydrogen problem with very light ‘proton’ in a screened environment  

 

 

her

he

pep

p

e

e

rr

e

m

p

m

p
H

rr

e

m

p

m

p
H

he






 

222222

2222

144

11
/

20/

2




re

Hex

r
e

Hex

m
EE

m
aa








• Screening:  

  

• Reduced mass:  

ree /22 
1

11












he

e
mm

m 

Hydrogen Cu2O 

Bohr radius 0.53 Å 10.6 Å 

Binding E1 13.6 eV 94 meV 
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Excitons in Cu2O (absorption) 
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Cu2O Emission 
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Magneto-absorption of excitons 
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Excitons in KBr 
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Nano Crystals 
CdSe nanocrystals 

CdTe nanocrystals 

• Bio labeling 

• Displays 

• Solar cells 

• Photonic crystals 

• MRI enhancement 

• … 
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Nano Crystals 

Bandgap CdTe: 1.56 eV (direct) 

  Bulk  emission at 795 nm 

Small particle: confinement energy (particle in a box) 
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2 nm particles: Confinement 1.15 eV 

E = 1.56 + 1.15 = 2.71 eV  Corresponds to 475 nm 

For 3 nm: 600 nm 


