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Parameter Values: Periodic Table: 
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Drift/Diffusion: Electrostatics: 
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     Conductivity :      " = q µen + µh p( )

   Diffusion flux :      Fm = #Dm

$Cm

$x

Einstein relation :     
Dm

µm

=
kT

q

! 

"
dE(x)

dx
= #(x) E(x) =

1

"
#(x)dx$

%
d&(x)

dx
= E(x) &(x) = % E(x)dx$

%"
d
2&(x)

dx
2

= #(x) &(x) = %
1

"
#(x)dxdx$$

The Five Basic Equations: 
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        Electron continuity :      
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             Hole continuity :       
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Electron current density :        Je (x, t) = qµen(x, t)E(x,t) + qDe

"n(x,t)
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     Hole current density :         Jh (x, t) = qµh p(x, t)E(x,t) # qDh

"p(x,t)

"x

        Poisson's equation :        
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Uniform doping, full ionization, TE 
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n - type, Nd >> Na
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Uniform optical excitation, uniform doping 
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Low level injection, n',p'<< po +no :          
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Flow problems (uniformly doped quasineutral regions with quasi-static excitation and low 
level injection; p-type example): 

Short base, infinite lifetime limit: 
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             Minority carrier excess :          
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Minority carrier current density :          Je (x) % qDe
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Majority carrier current density :          Jh (x) = JTot " Je (x)

                             Electric field :          Ex (x) %
1

qµh po
Jh (x) +

Dh

De

Je (x)
& 

' 
( 

) 

* 
+  

            Majority carrier excess :           p'(x) % n'(x) +
,

q

dEx (x)

dx

! 

    Minority carrier excess :        
d

2
n'(x)

dx
2

" #
1

De

gL (x)   $  n'(x) " #
1

De

gL (x)dxdx%%

Non-uniformly doped semiconductor sample in thermal equilibrium 
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Depletion approximation for abrupt p-n junction: 

Ideal p-n junction diode i-v relation: 
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Small Signal Linear Equivalent Circuit for a p-n Diode 
(n+-p doping assumed for Cd) 
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Large signal BJT Model in Forward Active Region (FAR): 
(npn with base width modulation) 
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