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Today’s Discussion 

• The p-n junction 

• Equilibrium condition 

• Contact potential 
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Fermi levels equalize 

3 Equilibrium is reached and carrier flow stops 



• The energy levels for EC , EV , and Ei exhibit 
band bending 
 
 
 

 
 
 

 
 

 
 

At equilibrium Fermi level is flat 
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depletion region 

potential energy 

is lowered 

by how much? 



Contact potential V0 

• Let’s consider the full drift-diffusion equation 
(we have both field and density gradient) 

 

 
equilibrium 
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Contact potential V0 

• Remember: 

 

 
Einstein relation Definition of field 
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Contact potential V0 

Contact potential 
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Contact potential V0 

Step junction: 𝑁𝐴 on p-side & 𝑁𝐷 on n-side 

In the regions far away 

from the junction 
Also: 
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Contact potential V0   
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Many equivalent ways to express it 



Contact potential V0 
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Example 1 – Si abrupt junction 

𝑁𝐴  = 1018cm−3          
𝑁𝐷 = 5 × 1015cm−3 
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My computer solution with more accurate parameters  

𝑁𝐴  = 1018cm−3          
𝑁𝐷 = 5 × 1015cm−3 
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Significance of Contact Potential 
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Depletion near the junction 
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A space-charge region has been created at the junction 



Space charge originate a field distribution 
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Gauss Law 

16 



Gauss Law 
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zero 

charge 
zero flux 

zero field 



Gauss Law 
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still zero 

charge 
zero flux 

zero field 



Gauss Law 
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negative charge 

grows linearly 

flux magnitude 

grows linearly 

field magnitude 

grows linearly 



Gauss Law 
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all negative 

charge on left of 

surface 

flux reaches 

maximum 

magnitude 

maximum field 

magnitude 



Gauss Law 
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some positive charge 

added, total charge 

magnitude is 

decreasing 

flux magnitude 

is decreasing 

field magnitude 

is decreasing 



Gauss Law 
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end of depletion 

region, total charge 

on left is zero 

flux is zero 

again 

field is zero 



Gauss Law 
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total charge on 

left is still zero 

flux remains 

zero 

field remains 

zero 



Poisson equation 
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Differential form of Gauss Law 



Application of Gauss law 
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Depletion near the junction 
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Details of band bending from potential 

27 



Depletion width 
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Back to Example 1 
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𝑁𝐴  = 1018cm−3          
𝑁𝐷 = 5 × 1015cm−3 



Back to Example 1 
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𝑁𝐴  = 1018cm−3          
𝑁𝐷 = 5 × 1015cm−3 



Beyond depletion approximation 
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Beyond depletion approximation 
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Beyond depletion approximation 
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Example 2 
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Example 2 
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Example 2 
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Example 2 
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Example 2 
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Example 2 
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𝑊 = ? 



Example 2 
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𝑊 



Example 2 
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Example 2 
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𝑄𝑝 𝑄𝑛 

Charge density per unit area 



Example 2 
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