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Lecture 2 Outline 

• More on EM for optics 

• Concepts of Compound semiconductor 
materials introduced in Chapter 1 

• Quick review of important concepts in 
Semiconductor electronics 

• First HW assignment 
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Errata in Textbook 

S.L. Chuang, “Physics of Photonic Devices,” Wiley, 2nd Edition (2009) 
 

A handout will be posted with the main errors which were found in the initial 
printings of the 2nd edition (may have been corrected in latest printings).   

To these we should add: 
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Errata in Textbook 

S.L. Chuang, “Physics of Photonic Devices,” Wiley, 2nd Edition (2009) 

 

Note these possible typos in Chapter 1 in formulas which are useful now: 
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Compound semiconductor materials 

5 

Chapter posted on the class website 



6 bowing parameter 



The playground of band gap 
engineering 
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Without considering  
boron (B)  

nitrogen (N) 
thallium (Tl) 
bismuth (Bi) 

  
9 binary compounds 
 

18 ternary alloys 
  Ax B1-x C              2:1 
  A Cy D1-y              1:2 
 

quaternary alloys 
 Ax B1-x Cy D1-y       2:2 
  
Ax By C1-x-y D  
 1:3 or 3:1   



Linear approximation 

Inx Ga1-x As              2:1 



Including bowing 

Inx Ga1-x As              2:1 



Gax In1-x Asy P1-y       2:2 



Example for Nitride materials 



Semiconductor Electronics 
Quick Review 
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In most application of optoelectronic semiconductor 
devices the attention is not on high-field hot-carrier 
transport, as is the case for microwave devices and 
highly scaled MOSFETs. 
 
Although devices generate or interact with extremely 
high frequency EM waves, the transport of electrons 
and holes is well described by the standard 
semiconductor equations based on drift-diffusion. 
 
The interaction between photons and mobile charges 
is mostly based on quantum mechanics concepts.   
 
  



Poisson’s Equation 
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Carrier Transport Equations 
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Drift-diffusion equations 
 
Express the behavior of 
Boltzmann equation close 
to equilibrium conditions 



Continuity Equations 
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These are charge conservation laws, which in differential 
form are related to the behavior of the divergence of charge 
flow.  They descend formally from Maxwell’s equations. 



Continuity Equations 
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The classical “Semiconductor Equations” 



Alternative description: Quasi-Fermi levels 
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Alternative description: Quasi-Fermi levels 
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Carrier Distributions: General Case 
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Density of states 
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Density of states 
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Density of states 
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Density of states 
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Approximation of Fermi-Dirac Integral 
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Approximation of Fermi-Dirac Integral 
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Approximate Inverse (Nilsson, 1973) 



Determination of Fermi level 
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Determination of Fermi level 
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Determination of Fermi level 
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Determination of Fermi level 
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Light Hole Effects 
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ASSIGNMENTS: 
 
Reading Assignments 
Chuang – Chapter 1, Section 2.2 
 
Coldren & Corzine – Chapter 1 (Supplemental) 
 
Paper by Adachi (2017) posted on  class website 
 
 
For a concise refresher of semiconductors you could also consider:  
Chapter 1 of the classic book “Physics of Semiconductor Devices” 3rd edition (2007) by S.M. 
Sze and K.K. Ng, which you can freely download from our library.   
 
Also available at: 
https://archive.org/details/PhysicsOfSemiconductorDevices_855/page/n221/mode/2up 




