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Today’s Discussion 

• Steady state solution of the diffusion equation 

• Examples 
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From Lecture 16  Continuity equation 
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Drift-Diffusion current equations tell us how charge moves 

“locally” in response to electric field and charge gradient 

To solve for a “device” structure we need to patch together 

regions with varying fields and densities.  We need a 

mathematical model which conserves current density. 



From Lecture 16  Charge conservation 
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Divide the domain in patches. Current exiting one side of a patch is the 

same entering the neighboring patch.  Generation/recombination rates 

may modify the charge density inside the patches. 

E (x,y) E(x+ x,y) E(x- x,y) 

We need equations to express current continuity. 

J 



From Lecture 16  Simplify to 1-D 
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E (x) E(x+ x) E(x- x) 

J(x- x/2) J(x+ x/2) 

Change (Balance) of hole charge density around point  x 



From Lecture 16  1-D Continuity Equations 
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Holes 

Electrons 

In terms of excess carriers 



From Lecture 16  Diffusive regime (no drift) 

Holes 

Electrons 

Diffusion Equations 

substitute 
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Steady State Excess Carrier Distribution 

Holes 

Electrons 

Steady State 
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Steady State Excess Carrier Distribution 

Holes 

Electrons 

Steady State 

9 

units of D are 
cm2/s 



Example: steady state hole injection 

Semiconductor bar 

x = 0 

Holes diffuse and recombine 
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Example: steady state hole injection 

Diffusion equation General solution 

Diffusion Length 

Average distance a 

hole diffuses before 

recombining 
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Proof: Diffusion Length (1) 

Probability to reach x without recombining 

Probability to recombine between x and x + dx 

after having reached x 

[ A ] 

[ B ] 
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We have the solution 



Proof: Diffusion Length (2) 

Probability that a hole injected at x = 0 will recombine in a given dx  

Average distance a hole diffuses before recombining 

use 
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𝑑𝑥 

𝑥 0 



Diffusion current density 

Excess hole density 

Diffusion current density 
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Example 

Steady state excess 

hole density injection 

∆𝑝 = 5 × 1016cm−3 
x = 0 

𝑁𝐴 = 1017cm−3 

Very long bar of Si 

𝐴 = 0.5 cm2 

Question: what is the quasi-Fermi level at 𝑥 = 1000Å = 10−5cm 
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Einstein relation 



quasi-Fermi level at  𝑥 = 10−5cm 

Steady state excess 

hole density injection 

∆𝑝 = 5 × 1016cm−3 
x = 0 

𝑁𝐴 = 1017cm−3 

Very long bar of Si 

𝐴 = 0.5 cm2 
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Hole Current at  𝑥 = 10−5cm 

Steady state excess 

hole density injection 

∆𝑝 = 5 × 1016cm−3 
x = 0 

𝑁𝐴 = 1017cm−3 

Very long bar of Si 

𝐴 = 0.5 cm2 

Excess stored hole charge 
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Excess stored charge 
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Excess stored charge – Proof 
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Total charge along positive 𝒙  



Relationship between current and Qp 

20 




