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Last time 

• Raman effect (Fox 10.5) 

• Metals (Fox 7) 

• Semiconductors (Fox 3) 
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Today 

• Remainder semiconductors (Fox 3) 
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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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1 T = 10 kOe 
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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  
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• Screening:  

  

• Reduced mass:  
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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 
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Exercises 
• Derive the wave equation  

• 1.8; 1.12; 1.19 
• Derive the response function of a Lorentz oscillator 

• 2.3; 2.6;  

• 3.13 

• 6.3, 6.18 

• 7.1, 7.6, 7.7 

 

 


