
The PN Junction Diode 
• PN junction diode is the basis of all semiconductor devices. 
• Consider a block of P doped semiconductor,  
• Attach it to block of N type,  
• Forms an "abrupt" or "metallurgical" junction.  
• Diffusion of electrons from N side, holes from P side  Majority 

Carriers diffuse into minority region 
• This sets up and electric field within the junction 
• Result is a one directional, diode like I/V curve 
• How is this obtained? 
 

 



Photolithography method 
• Grow an glass (oxide) on wafer (heat silicon in steam or air) 
• Use photolithography to define (pattern) an area 
• Etch away glass to create opening 
• Use diffusion or Ion Implantion to create junction 
 

 
 

 























































Photodiode and light 
 Any large diode is a photodiode 
 Light creates electron hole pairs as it is absorbed 
 The E field at junction separates the charges 
 Holes (p) go in direction of E field 
 e’s (n) opposite E field 
 Result is charge builds up on the junction 

  
(a) unbiased  (b) reverse biased  

 
  



Generation and the Reverse Current 
 Previously assumed no generation in the Space Charge Layer 
 Within space charge layer the temperature electron-hole pairs  
 When reverse biased diode very few carriers in the junction,  
 Thus carriers generated within the junction dominate.   
 Generated carriers swept out of junction by the electric field 
 Holes pulled to the N side and electrons to the P  
 There recombine with the majority carriers 
 Create an additional current  
 Called the "Recombination/Generation current")  
 Same recombination behaviour as in bulk 
 Generation rate of these carriers is given by: 
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  0 is the effective lifetime  
 Average of the electron and hole lifetimes. 
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Total Recombination/Generated Current in Junction 
 Thus total recombination/generated current in junction is  
 Amount generated within the space charge layer 
 Times the charge of the carriers q, and the junction area A: 
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 Recall as reverse bias is increased  
 space charge layer width Wscl becomes larger  
 Hence recombination/generation current becomes more important. 
 

 
 



Diode Equation with RG 
 Diode equation now becomes: 
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 Forward biased diode the IRG term can often be neglected 
 For silicon it is actually the dominate factor at room temperature 
 Hence reverse leakage is much higher than expect 
 Thus cannot measure reverse current and stick in diode equation 
 Note as temperature drops closer to ideal 
 

 
 



Forward Bias Deviation from Ideal Diode Equation 
In practice in silicon shows some modification from the ideal 
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Where  is the ideality factor 
Measure of how ideal the diode is  
For modern silicon  ranges from 1.0 to 1.06 for 5 decades of I 
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