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Homework Assignment #7

Due at the beginning of class on Thursday, 3/14/13
Problem 1: pn Junction Diode Charge Control Model
The carrier concentrations inside a pn step-junction Si diode with long quasi-neutral regions (much wider than their respective minority carrier diffusion lengths) and cross-sectional area A = 100 m2 are plotted below.  The minority-carrier lifetimes are (n = 10-6 s on the p side and (p = 10-7 s on the n side.  T = 300K.  
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a) Determine the applied voltage VA.

b) What are the p-side and n-side dopant concentrations?

c) What are the excess minority carrier densities at the edges of the depletion region, i.e. np(-xp) and pn(xn)?  Do low-level injection conditions prevail in the quasi-neutral regions of the diode?  Explain.

d) Calculate the minority carrier diffusion lengths Ln and Lp.

e) Calculate the excess minority carrier charge stored (QP and QN) within the quasi-neutral regions.

f) Calculate the diode current using the charge control model.  Is it dominated by hole injection into the n side or by electron injection into the p side?
Problem 2: pn Junction Diode Small-Signal Model
a) Derive the small-signal model for the diode in Problem 1.  You may assume that the series resistance of the quasi-neutral regions (RS) is negligible.

b) Plot 1/C2 vs. VA for -2 V < VA < 0 V.  What is the value of the extrapolated x-intercept?  You may assume that the Boltzmann approximation is valid.
Problem 3:  Transient Response of a pn Junction Diode
At time t = 0, the current flowing through a p+n diode is switched from i = IF = 1 mA to i = -IR = -1 mA.  After 2 sec, a current pulse is applied to switch the diode back to i = IF = 1 mA.  Assume the diode to be an ideal pn step junction, with p = 1 sec.

a) Sketch i(t) as a function of time.

b) Establish an expression for va(t), for t > 2 sec.

Problem 4:  Photodiode
Consider an ideal long-base p+n step-junction diode (with cross-sectional area A) where incident light is uniformly absorbed throughout the device, resulting in a photo-generation rate of GL electron-hole pairs per cm3 per second.  (See the figure below).  Assume that steady-state and low-level injection conditions prevail.

[image: image1]
a) What is the excess hole concentration in the n-type quasi-neutral region at a large distance (x → ∞) from the metallurgical junction?

b) Derive an expression for the I-V characteristic of the p+n diode under the stated conditions of illumination.  Assume that no recombination-generation (including photo-generation) occurs in the depletion region.

c) Sketch the general form of the photodiode I-V characteristic for GL=0, GL= GL0, GL= 2GL0, and GL= 4GL0.  Assume the light intensity is high enough to significantly affect the characteristic when GL= GL0. 
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