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ECE 440 


             
Homework 10



Fall 2009

1.  A voltage VA = 23.03 kT/q is being applied to a step junction diode with n- and p-side dopings of NA = 1017 cm-3 and ND = 1016 cm-3.  Make a dimensioned log(p and n) versus x sketch of both the majority and minority carrier concentrations in the quasi-neutral regions of the device.  Be sure to identify points of 10 and 20 diffusion lengths on the plot.

2.  Consider the p+-n step diode pictured above.  Note that  τp is infinite for 0 ≤ x ≤ xb and τp = 0 for xb ≤ x ≤ xc.  Excluding biases that would cause high-level injection or breakdown, develop an expression for the room-temperature I-V characteristic of the diode.  Assume that the depletion width (W) never exceeds xb for all biases of interest. 
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3.  P-N junction Simulation. To analyze a pn junction, we solve the continuity equations for electrons and holes, the drift-diffusion equations (which describe how carriers move in response to an electric field), and Poisson’s equation (because when charge carriers move, they change the electric field).  In general, these equations are too complex to solve analytically, so we resort to approximations such as the depletion approximation.  In the following exercise, you will compare the results of depletion approximation analyses of PN junctions with a more “exact” solutions using NanoHUB.  The tools we will explore are found on the following link:

           http://nanohub.org/resources/5120
Consider a Si sample maintained at equilibrium and room temperature with a p-side doping of NA=1x1017/cm3 and an n-side doping of ND=5x 1017/cm3.  Keep all other parameters on the nanoHUB to their default values unless otherwise stated.


I) We will use the ‘PN Junction Long Base Depletion Approximation’ tool which uses the same analytic expressions presented in class for the following: 

(a) Determine the built-in potential (Vbi) of the PN junction.  

(b) Estimate the width of the depletion layers on the P and N sides, (xp and xn) and the depletion width (W). Hint: Use the charge density vs. position plot  

II) Now compare your results in part I) with the ‘PN Junction Exact Solution’. Set the length of  

     both the p and n region to 1 micron.

 
(a) Estimate the built-in potential and compare you result to Ia)   

 
(b) Use the equilibrium doping density vs. position plot to estimate the width of the depletion width (W). Take xp and xn  to be where the majority carriers decrease by 10 %. Compare with the depletion width (W) you obtained in Ib)     

 
(c) Plot both the net charge density and the electric field vs. position at equilibrium.  The red curve shows the depletion approximation whereas the blue curve shows the exact solution. Comment on your results

Hint: For (a) Use the electrostatic potential vs. position plot (or the energy band diagram) to          estimate the built-in potential.  

