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Semiconductor Physics 
mass-action law* *under T.E. (or quasi-equilibrium) 
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drift velocity*  *for v < vsat only  (vsat = 107 cm/s) 
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current density (drift + diffusion) 
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Einstein Relation 

q
kTD

p

p =
µ

 and 
q
kTD

n

n =
µ

 

“thermal voltage” : mV
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Electrostatics 
Gauss’ Law / Electrostatic Potential 
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Poisson Equation: 
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Permittivity   in vacuum:  cmFo /1085.8 14−×=ε
in silicon: os εε 7.11=  in SiO2: oox εε 9.3=  

 
Boltzmann relations*  (requires Jno = Jpo = 0) 
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reference point: 0)( =xoφ  when  io nn =
 
60mV Rule*  (requires Jno = Jpo = 0) 
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For electrons:  For holes: 
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n+ Si: mVn 550=+φ       p+ Si: mVp 550−=+φ  

 
pn junction 
in thermal equilibrium 
charge neutrality   nodpoa xNxN =

built-in potential pnB φφφ −=  

depletion regions  
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n+p junction  p+n junction 
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depletion capacitance (at T.E.) 
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under reverse bias 

DBj V−=φφ   (VD is negative) 
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Depletion capacitance (under bias) 
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MOS capacitor (p-substrate) 
Built-in voltage 
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Flatband voltage 
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Threshold voltage 
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Body factor [units  = V1/2] 
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Summary for MOS Capacitor (n+ gate, p-type Si substrate) 

 

 FBGB VV ≤  
FBGB VV =  

TGBFB VVV ≤≤ TGB VV = TGB VV ≥
regime Accumulation Flatband Depletion Threshold Inversion 
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*Note: in accumulation, gate charge is actually negative, charge in semiconductor is positive (because VGB<VFB). 
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