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ECE 440 



Homework VIII



Fall 2009

Print your name and netid legibly. Show all work leading to your answer clearly and neatly. Staple multiple pages.   
Problem # 1:  A semi-infinite p-type bar is illuminated with light which generates GL electron-hole pairs per cm3-sec uniformly throughout the volume of the semiconductor.  Simultaneously, carriers are extracted at x = 0 making Δnp = 0 at x = 0.  Assuming a steady state condition has been established and Δnp << p0 for all x, determine Δnp (x) (the excess electron concentration). (Hint: make use of the diffusion equation 4:34)

Problem # 2:  As pictured above, the x > 0 portion of an infinite semiconductor is illuminated with light.  The light generates Gop = 1015 electron-hole pairs/cm3-sec uniformly throughout the x > 0 region of the bar.  Gop = 0 for x < 0, steady state conditions prevail, the semiconductor is silicon, the entire bar is uniformly doped with ND = 1018 /cm3, τP = 10-6 sec, and T = 300 K.

(a)  What is the hole concentration at x = - ∞?  Explain.

(b)  What is the hole concentration at x = ∞?  Explain.

(c)  Do low-level injection conditions prevail?  Explain.

(d)  Determine Δpn(x) (the excess hole concentration) for all x.

(Hint:  Separate expressions apply for the excess hole concentrations in the regions x > 0 and x < 0 and both the excess hole concentration and its derivative must be continuous at x = 0.)

3.  Steady State Excess Carriers Simulation. In this exercise, we will use the following tool on the nanoHUB: http://nanohub.org/resources/semi
We will simulate the n-type semiconductor pictured below. Select experiment 3, ‘Shine light at the left edge only’.  Fix the penetration depth w= 0.01 micron and the Silicon length (L) to 10 micron. On the ‘Surface Recombination’ tab of the tool, turn off the surface recombination velocity option by selecting ‘no’. Keep all other parameters to their nominal preset values.  
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a) Plot the Energy band diagram (under non-equilibrium’). Clearly label the quasi-fermi level obtained from the simulation.   

b) Plot the Excess Carrier Density (Under non equilibrium).

c) Does low-level excitation hold? Justify your answer.
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ND   =  1018 /cm3


τP     =  10-5 sec


T     =  300 K


Gop  =  1021 cm3-s
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