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ECE 440 



Homework 9



Fall 2009

1. An abrupt Si p-n junction has Na = 6x1016/cm3 on the p-side and Nd = 2x1017/cm3 on the n-side.

(a) Calculate the Fermi level positions with respect to the conduction band and the valence band in the p and n regions at 300 K.

(b) Draw an equilibrium band diagram for the junction and determine the contact potential Vo from the diagram.

(c) Compare the results of part (b) with Vo as calculated from Eq. (5-8). 

(d) Using Eq. (5-8), calculate and plot Vo versus temperature ranging from 300 K to 500 K.

2. Consider the following Si p-n junctions operating at 300 K.

 (a) Using Eq. (5-8), calculate the contact potential Vo for Na = 6x1014 and 1019/cm3, with Nd = 1014, 1015, 1016, 1017, 1018, 1019/cm3 in each case and plot Vo vs. Nd. 

(b) Plot the maximum electric field Eo vs. Nd for the junctions described in (a). What levels of Nd doping are required so Eo can exceed 105 V/cm when Na = 2x1019/cm3?

(c) Plot the width of the depletion region W  vs. Nd for the junctions described in (a). 

3. In this exercise, we will partly use the “P-N junction Long Base” tool found on the nanoHUB:   http://nanohub.org/resources/5120
      This tool utilizes the simple depletion approximation concept we discussed in class.
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a) Consider the P-N junction shown above, explore what happens to the space charge region of a nonsymmetrical P-N junction at equilibrium (V=0) by looking at the Electric field vs. Position plot.  Fix the n-side doping to ND =1x1017/cm3, and vary NA (make orders of magnitude changes varying from 1015- 1019). Keep all other parameters to their default values.  How does the penetration depth xno and xpo change as you vary the doping concentration? 


b) In ECE 440, we resort to the depletion approximation in our p-n junction discussions.  The following theoretical exercise is related to  depletion approximation:

i. Briefly explain what the depletion approximation is?

ii. The depletion region is essentially insulator under equilibrium conditions.  Why?

iii. What passive element can the pn-junction be modeled as in equilibrium?
