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Comparing the operation of p-i-n vs. p-n junction diodes using pn junction Lab in ABACUS 

The goal of this activity is for you to obtain a qualitative as well as quantitative understanding of a p-i-n diode. 

Use a web browser to navigate  to http://www.nanohub.org,  and log in with your user account. You can also 
sign in via Facebook or Google. Then select “Resources” and choose “Tools” from the drop-down menu. Select 
“device simulations” in the left column, and then “ABACUS” in the middle column: 

 

 

Once the tools has launched, select “PN Junction Lab” from the list of “Applications”: 

 
 

 
1.  Now follows your actual task for this activity: A p-i-n diode is made of p-type, intrinsic, and 
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n-type semiconductors joined together. For all diagrams in this problem, be sure to make clear where 
the interfaces are and where the p, i, and n sections are! Also, be quantitative, i.e., label your axes 
correctly (units and numbers)! Use the ABACUS tool to simulate a p-i-n diode with 3 µm of p-type 
material (60 nodes), 2 µm of intrinsic material (40 nodes), and 4 µm of n-type material (80 nodes). The 
number of nodes determines the number of sampling points, so please be sure to update those as given 
above: 

Use silicon as material (leave all life time parameters unchanged), set the temperature to 300 K, and 
the applied bias to 0.4 V (“Environment” tab). Now hit simulate! 

(a)   Prepare a quantitative plot of the hole concentration as a function of position across the device (i.e. 
from the p-side to the n-side) without bias. Mark the point where you expect to see the highest 
current due to hole diffusion. 

(b)   Draw a quantitative plot of the electric field vs. position for 
i.   equilibrium 
ii.   forward bias 

To see the results for a given bias, choose “Electric Field (at applied bias)” and move the 
slider underneath the image all the way to the right, to choose the bias of 0.4 V. 

(c)  Draw the quantitative energy band diagram of the p-i-n diode for the two cases above. 
(d)  Why might a diode with an intrinsic region be better suited to detect photons than a simple pn 

diode? Provide a clear reason explaining the difference (1-2 sentences). 

While this is not mandatory, we encourage you to use this computational tool as an opportunity to 
explore the different quantities (and their dependence on external bias) in more detail. If you encounter 
any questions or problems while doing so, please post them to the online Question and Answer forum 
for this resource (see footer for the URL). 

2.   For each of the following situations, draw a band diagram at T =  300 K in steady-state operation. You 
may assume all dopants are fully ionized. On the diagram, clearly indicate and label all of the following: 

·   Ec , the conduction band minimum 
·   Ev , the valence band maximum 
·   EF , the Fermi energy 
·   Eg , the band gap 
·  V0, the contact potential 
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The diagrams must be qualitatively correct, including: 
·   the curvature and shape of the bands, etc. in each region 
·   the relative widths of the depletion regions 
·   the position of the Fermi level relative to the bands 

(a)   A gallium phosphide pn junction with the following properties: 
Band gap 
Electron affinity 

Eg 

χ  
2.26 eV 
3.8 eV 

Intrinsic carrier concentration ni 2 ·  106 cm−3 

Donor concentration (n-side) Nd 5 ·  1011 cm−3 

Acceptor concentration (p-side) Na 3 ·  107 cm−3 

Clearly indicate how the bands change if a forward bias of 0.1 V is applied to the device. 
 

(b)   A Schottky junction between p-type gallium phosphide and silver with the following properties: 
GaP Band gap 
GaP Electron affinity 

Eg 

χ  
2.26 eV 
3.8 eV 

GaP Intrinsic carrier concentration ni 2 ·  106 cm−3 

GaP Acceptor concentration (p-type) Na 3 ·  1010 cm−3 

Ag Work function Φ   4.26 eV 
     

Clearly indicate how the bands change if a reverse bias of 0.1 V is applied to the device. 
 
 
 
 

Suggested Background Reading 
Solymar and Walsh, “Electrical properties of materials” 
O. Kasap, “Principles of Electronic Materials and Devices” 

 


