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PN Junction Tool Set-Up Parameters 

 
1. Select the “Structure” tab and input the P and the N lengths. 
 (Ex: 10 µm) 
2. Set the node resolution for the P and N regions. (Ex: 50) 
 (Note: When the thickness of the intrinsic region is set to zero it is disregarded 

in the simulation.) 
 
 
 



PN Junction Tool Set-Up Parameters 

 
3. Input the doping directly on the graph. (Ex: NA =1e+1016/cm3 and 

ND=1e+1014/cm3) 

 
 

Input here 



PN Junction Tool Set-Up Parameters 

 
4. Select the “Materials” tab and select Si form the drop down menu (default). 

 
 



PN Junction Tool Set-Up Parameters 

 
5. Select the “Environment” tab and input the applied voltage (Ex: 1V) and the 

number of points (Ex: 50).  The bias can be positive or negative for forward or 
reverse bias, respectively. 



PN Junction Tool Set-Up Parameters 

 
6. Click the simulation button and check the progress bar for the status of your 

simulation. 
 



PN Junction Homework Problems 

Run Simulations A and B.  Complete problems 1 – 12 for each simulation, and problem 13 for 
simulation A only.  Use your results from problems 1 – 13 to answer questions 14 – 18.  After 
running each simulation it is possible to switch back and forth between each simulation using 
the tool bar located below the results plot.  Label each solution/answer and plot.  Show all 
values that are extrapolated from the plot by placing the cursor on the desired point.  Where 
two points are required, you are required to print 2 graphs showing each point.   
 

         Simulation A:                                                       Simulation B: 
 NA =1016/cm3 and ND=1014/cm3                         NA =1018/cm3 and ND=1014/cm3 
         Va = +1 V     Va = +1 V 
          T = 300 K     T = 300 K 
 

1. Select and Print the energy band diagram at equilibrium (Va = 0). 

2. Select the energy band diagram at applied bias.  Click the ► button to observe the 
change in the energy band diagram with applied bias and click the ► button again to stop 
the applied bias at a certain value.  Print the energy band diagram at Va equal to 0.42 V 
and the energy band diagram at Va equal to 0.84 V.   

3. Calculate the value of Vbi for the doping conditions specified for Simulations A and B. 
 

 

 
 



PN Junction Homework Problems 

         Simulation A:                                                       Simulation B: 
 NA =1016/cm3 and ND=1014/cm3                         NA =1018/cm3 and ND=1014/cm3 
         Va = +1 V     Va = +1 V 
          T = 300 K     T = 300 K 
 

4. Use the electrostatic potential plot (at equilibrium) to determine the value of the built-
in voltage (Vbi).  Print the necessary plots showing the data points. 

5. Calculate the value of Xn in cm. 
6. Calculate the value of Xp in cm. 
7. Use the electric field plot (at equilibrium) to determine the values of Xn and Xp.  You 

may have to zoom in a couple of times to get accurate values.  Print the necessary 
plots showing the data points. 

Create a Table using the format shown below and include the answers to Problems 3-7. 
 

 
 

Electrostatic Variables 

NA, cm-3 
 

ND, cm-3 
 

Vbi, V Vbi, V Xn, cm Xn, cm Xp, cm Xp, cm 

Calc Sim Calc Sim Calc Sim 

Note:  For Problem 7 the metallurgical junction will not be at x = 0. 



PN Junction Homework Problems 

8. Calculate the value of Emax (at x = 0) in V/cm. 
9. Select and Print the Electric Field at equilibrium (Va = 0) showing the Emax value by 

placing the cursor at the maximum point. 
10. Select the Electric Field at applied bias.  Click the ► button to observe the change in the 

Electric Field with applied bias.  Print the final bias plot showing the maximum value. 
11. Select and Print the Doping, Electron and Hole Density at equilibrium (Va = 0).  

12. Select the Doping, Electron and Hole Density (at applied bias) plot.  Click the ► button 
to observe the change in the carrier concentration on each side of the junction.  Print 
the final bias plot.   

13. Run Simulation A (only) with a reverse bias value of -0.6 V.  Select the Doping, Electron 
and Hole Density (at applied bias) plot.  Click the ► button to observe the change in the 
carrier concentration on each side of the junction.  Print the final bias plot. 

 



PN Junction Homework Problems 

Use your results from problems  1 – 13 to answer questions 14 -18. 
 

14. What happens to the barrier when the doping on one side is increased? 
15. What happens to the energy band diagram when a +1 V bias is applied to the PN 

junction?   
16. What happens to the Emax value when a +1 V bias is applied to the PN junction?  

Explain why this occurs.  
17. What happens to the minority carriers on each side of the junction when a +1 V bias is 

applied to the PN junction?  Explain why this occurs in terms of drift and diffusion of 
minority and majority carriers. 

18. What happens to the minority carriers on each side of the junction when a -0.6 V bias 
is applied to the PN junction?  Explain why this occurs in terms of drift and diffusion of 
minority and majority carriers. 
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