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Problem 1: 

Applying the depletion approximation to a linearly graded junction with Nd – Na = ax, derive expressions for

(a) the electric field distribution,

(b) the potential distribution,

(c) the built-in potential, and

(d) the depletion-layer width.

Problem 2: 

Consider the following silicon P-N junction:


(a) If Na = 5(1016cm-3 in the P-region and Nd = 1(1017cm-3 in the N-region, under increasing reverse bias, which region (N or P) will become completely depleted first?  What is the reverse bias at this condition?  (Hint:  use Naxp  = Ndxn.  The doping densities of P+ and N+ are immaterial).

(b) Repeat part (a) with Na =  1(1016cm-3 and Nd = 1(1017cm-3.

(c) What are the small-signal capacitances (F/cm²) at the bias conditions in (a) and (b)?  

Problem 3: 
   Consider a P+N junction diode with Nd = 1016cm-3 in the N-region. . τp is given to be 1 μsec.
(a) Determine the diffusion length L on the N-type side.

(b) What are the excess hole density and excess electron density at the depletion layer edge on the N-type side under (i) equilibrium and (ii) forward bias           V = 0.4V? 

Problem 4: 

    Consider a silicon abrupt (step) PN-junction diode with uniform cross section and constant doping on either side of the junction.  The diode is made from 1(-cm P-type and 0.2(-cm N-type materials in which the recombination lifetimes are (n = 10-6s and (p = 10-8s, respectively.

(a) What is the value of the built-in-voltage?

(b) Calculate the density of the minority carriers at the edge of the depletion layer when the applied voltage is 0.589V (Which is 23 ( kT/q).

(c) Sketch the majority and minority carrier current as functions of distance from the junction on both sides of the junction, under the bias voltage of part (b).

(d) Calculate the location(s) of the plane (or planes) at which the minority-carrier and majority-carrier currents are equal in magnitude.
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