
 

Useful Formulae 
 
A photon with a wavelength of 1 μm has an energy of 1.239 eV. 
GaAs electron effective mass:  0.067mo 

GaAs light hole effective mass:  0.12mo 
GaAs heavy hole effective mass:  0.5mo 
Free electron mass mo:  9.11 X 10-31 kg 
Atomic weight of Ga:  69.723 g/mole; Atomic weight of As:  74.922 g/mole 
Atomic weight of Al:  26.982 g/mole; Atomic weight of In:  114.818 g/mole 
Atomic weight of P:  30.974 g/mole 
Avogadro’s Number:  6.022 X 1023 molecules/mole 
Boltzmann’s Constant: 1.38 X 10-23 J/K = 8.62 X 10-5 eV/K  
Plank’s Constant:  6.626 X 10-34 J-s = 4.136 X 10-15 eV-s 
Free Space Permittivity:  e0 = 8.85 X 10-14 F/cm = 8.85 X 10-12 F/m (use 9 X 10-12 F/m for hand calculation) 
1 eV = 1.602 X 10-19 Joules; q = 1.6 X 10-19 C; Speed of Light c = 2.998 X 1010 cm/s  
Bohr Radius: 0.5292 Å;  Rydberg: 13.6 eV;  1/e ~ 0.37 
kT = 0.0259 eV @ Room Temperature; kT = 0.025 eV @ 290K; ln(x) = 2.3 log(x); ln(10) = 2.3 

         

 

    

  Triangle Area:  A=0.5x(base)x(height)  𝑚∗ =	 ℏ!

#!$/#&!
 

Note: N(E) is referenced to the bottom of the conduction band for electrons and the top of the valence 
band for holes. 
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𝑝 − 𝑛 + 𝑁!* − 𝑁+, = 0 ←(neutral or quasi-neutral regions) 
 

     

 

    
 

     

Continuity:     

 

Steady State Diffusion:      

     

 

    

Short Base Diode:     

     

    

     (referenced to depletion region edge) 
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n-Channel MOS: 

         

       

 

At VFB:         

 

  

      

 

  

 

Saturation:   
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Note: The first two terms on the right-hand side of this expression correspond to the flatband 
voltatge. 
 
p-Channel MOS:  For a p-channel device fF is negative and Qd is positive.  
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p-n-p BJT: 
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