
Problem Set 3 
Due : 03/05/2013 (tentative) 

 
4.5  
An intrinsic Si sample is doped with donors from one side such that Nd = N0 exp(-ax). 

(a) Find an expression for the built-in electric field at equilibrium over the range for which Nd >> ni. 
(b) Evaluate the field when a=1 (µm)-1. 
(c) Sketch a band diagram such as in Fig 4-15 and indicate the directions of the field.  

 
4.15 
The direction of the built-in electric field can be deduced without math by sketching the result of a doping 
gradient on the band diagram. Starting with a flat Fermi level at equilibrium, place Ei near or far from EF 
as the doping is varied for the two cases of the gradient in donor or acceptor doping as in Prob. 4.5. Show 
the electric field direction in each case, based on Eq. (4-26). If a minority carrier is injected into the 
impurity gradient region, in what direction is it accelerated in the two cases? This is an interesting effect 
that we will use later in discussing bipolar transistors. 
 
4.16 
In Prob. 4.5, the direction of the built-in electric field due to a gradient in doping was determined from 
Eqs. (4-23) and (4-26). In this problem, you are asked to explain qualitatively why the field must arise 
and find its direction. 

(a) Sketch a donor doping distribution as in Prob. 4.5, and explain the field required to keep the 
mobile electrons from diffusing down the gradient. Repeat for acceptors and holes. 

(b) Sketch a microscopic region of the doping distribution, showing ionized donors and the resulting 
mobile electrons. Explain the origin and direction of the field as the electrons attempt to diffuse 
towards lower concentrations. Repeat for acceptors and holes. 

 
5.7 

(a) Using Eq. (5-8), calculate the contact potential V0 of a Si p-n junction operating at 300K for Na = 
1014 and 1019 cm-3, with Nd = 1014, 1015, 1016, 1017, 1018 and 1019 cm-3 in each case, and plot V0 vs. 
Nd. 

(b) Plot the maximum electric field E0 vs. Nd for the junctions described in (a). 
 
5.8 
In a p+-n junction, the hole diffusion current in the neutral n material is given by Eq. (5-32). What are the 
electron diffusion and electron drift components of current at point xn in the neutral n region? 
 
5.10 
Boron is implanted into n-type Si sample (Nd = 1016 cm-3), forming an abrupt junction of square cross 
section with area = 2 x 10-3 cm2 . Assume that the acceptor concentration in the p-region is for Na = 4 x 
1018  cm-3. Calculate V0, xn0, xp0, Q+ and E0 for this junction at equilibrium (300K). Sketch E (Electric 
field) and charge density to scale as in Fig. (5-12). 
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5.12 
A Si p+-n has a donor doping of 5 x 1016  cm-3 on the n side, and a cross sectional area of 10-3  cm2. If 𝜏p = 
1µs and Dp = 10 cm2/s, calculate the current with the forward bias of 0.5V at 300K. 
 


