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Today’s Discussion 

• Diffusion example 

• Excess stored charge model 

• The p-n junction 

• Contact potential 

2 



Diffusion current density 
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Example 
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Quasi- at  x = 10-5 cm 
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Hole Current at  x = 10-5 cm 
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Excess stored charge - Proof 
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Relationship between current and Qp 
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p-n junction 

• Starting from an n-type substrate with uniform donor doping, a p-n 
junction may be obtained, for instance, by diffusion of acceptor doping 
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NA 

ND 

NA-ND = 0  

  

Net Doping (Compensation)  

Pre-deposition of high Acceptor concentration close 

to the surface, followed by thermal diffusion 



p-n junction 

• Ion implantation is commonly used today to obtain a more controlled 
spatial distribution of dopants.   
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A beam of ions at a specific energy creates a nearly Gaussian dopant distribution 
centered at a depth R (Range).  Specific doping profiles can be achieved by repeating the 
process at different beam energies. 

High energy ion beam 

  

      

  
R (Range) 

ΔR (Straggle) 



p-n junction 

• An ideal rectifying diode is a perfect voltage-controlled “valve” behaving 
as a short circuit when a positive voltage (forward bias) is applied and as 
an open circuit when a negative voltage (reverse bias) is applied. A p-n 
junction diode approximates this behavior. 
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We saw this earlier in Lecture 12 
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• Imagine to bring into contact two separate sample 
materials of the same semiconductor in equilibrium 
but with different doping.  

 



Two systems in equilibrium 
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Conduction bands are the same initially 
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Fermi levels equalize 

15 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 lower 

by how much? 



Contact potential V0 

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

 

 
equilibrium 



Contact potential V0 

• Remember: 

 

 
Einstein relation Definition of field 



Contact potential V0 

Contact potential 



Contact potential V0 

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

In the regions far away 

from the junction 
Also: 



Contact potential V0 



Example – Si abrupt junction 

𝑁𝐴  = 1018cm−3          
𝑁𝐷 = 5 × 1015cm−3 



My computer solution with more accurate parameters  
(we will discuss additional theory next week) 

𝑁𝐴  = 1018cm−3          
𝑁𝐷 = 5 × 1015cm−3 


