
The Atom and "Quantized Energy of Electrons" 
• Recall the basic atomic structure:  
• Positive charged nucleus of protons and neutrons 
• Electrons in set orbitals around the core 
• Outer electrons are the valence electrons, control conduction. 
• Electrons can only exist in "quantized" energy unites, 
• ie: electron may occupy only specific "quantum energy levels." 
• Each orbital represents one of those "quantum energy levels"  
 

 
 







































Laser Beam Interactions with Solids 
• In absorbing materials photons deposit energy 
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where h = Plank's constant = 6.63 x 10-34 J s 
           c = speed of light 
• Also photons also transfer momentum p 
 

λ
hp =  

 

• Note: when light reflects from a mirror  
   momentum transfer is doubled 
• eg momentum transferred from Nd:YAG laser photon  
   hitting a mirror (λ= 1.06 microns) 
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• Not very much but Sunlight 1 KW/m2 for 1 sec  
   has 5x1021 photons: force of 6.25x10-6 N/m2 
• Proposed for Solar Light Sails in space (get that force/sq m of sail) 
   small acceleration but very large velocity over time. 
 

• Russian Cosmos 1 solar sail  
  Failed to reach 500 km orbit June 2005 

 
 



Absorbing Solids 
• Beam absorbed as it enters the material 
• For uniform material follows Beer Lambert law 
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where α = β = absorption coefficient (cm-1) 
           z = depth into material 
• Absorption coefficient dependent on  
   wavelength, material & intensity 
• High powers can get multiphoton effects 
• Rayleigh scattering, Brillouin scattering, Raman scattering 
 

 



Single Crystal Silicon 
• Absorption Coefficient very wavelength dependent 
• Argon light 514 nm     α = 11200/cm 
• Nd:Yag light 1060 nm α =     280/cm 
• Hence Green light absorbed within a micron 
      1.06 micron penetrates many microns 
• Very temperature dependent 
• Note: polycrystalline silicon much higher absorption 
          : at 1.06 microns α = 20,000/cm 
 

 
 
 



Absorption Index 
• Absorbing materials have a complex index of refraction 
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where n = real index of refraction 
           k = absorption index or extinction coefficient 
• The Electric field then becomes 
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• The k can be related to the absorption coefficient by 
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where wavelength is the vacuum value 
 

 



Illuminating the semiconductor 
• Absorption moves electrons into the conduction band 
• If photon energy is greater than the band gap.   
• Leaves a hole in the valance band.   
• Called creating an "electron hole pair".   
• Carriers in both bands are mobile, free to move 
• Energy of the light in eV use the following: Photon energy  
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where h = Plank's constant = 6.63 x 10-34 J s 
           c = speed of light 
where λ = light wavelength in microns 
• Example: for silicon Eg  = 1.12 eV  
• Makes light of 1.1 microns the longest wavelength absorbed        
Near infra red: red 0.75 microns, green light is 0.5 microns.  
Example: for GaAs Eg  = 1.45 eV,  
•  λ = 0.855 microns longest wavelength absorbed 
• Almost visible red  
• λ = creation of electron hole pairs from absorbed light 
• The process by which solar cells operate. 
 

 



Optical Absorption and Crystal Momentum 
Energy band density diagrams plot Energy vertical 
Horizontal axis is "Crystal Momentum" k 
This is the momentum carried by a phonon 
Phonons are acoustic bundles with momentum  
Both photons and phonons have momentum 
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For the phonon this is the momentum 
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where c = the velocity of light (sound) in the crystal 
and ω = the angular frequency of the phonon 
 

fπω 2=  
For the phonon f is the sound frequency 
C is the velocity of sound in the crystal 
The two momentums add vector wise in an interaction 
 

 
 



Optical Absorption and Band Structure 
Direct band gap semiconductors 
Adbsorb and emit photons directly 
More efficient at light adsorption and emission  
eg GaAs  Silicon is "indirect band gap" semiconductor  
Indirect bandgap Semiconductors 
Requires a Crystal momentum k change before light absorption. 
 k = acoustical energy to be present in the crystal  
Only "direct band gap" materials can become light emitting diodes,  
Direct band gap make the most efficient solar cells 
      but indirect work as well 
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