
 
FYS3410 Spring 2014  
Module IV 
  
Compulsory assignments: 

1. Introduce the idea of using “effective mass” by comparing the dispersion relations for FEFG and 

an arbitrary E(k) as expanded in Taylor series in the vicinity of minima/maxima points. Plot such 

E(k), its first and second derivatives, as well as the effective mass as a function of k within the 

the 1st Brillouin zone (BZ) for a 1D crystal. 

(a) Why the effective mass is different from that of the electron mass in rest?  

(b) Can the effective mass be negative? What does it mean? Introduce the concept of holes. 

(c) Assume the energy of electrons in the vicinity of the conduction band edge to be E(k)=Ak2, 

with A=5e-37 J·m2. Compute the effective mass of electrons at the conduction band edge.  

 

2. Consider the carrier concentration evolution as a function of temperature in 1017 P/cm3 

homogeneously doped Si. Choose several characteristic temperature limits, specifically low, 

intermediate, and high – corresponding to the donor freezing out, full donor activation, and 

overtaking by intrinsic carriers, respectively.   For these limits, compute: 

 

(a) equilibrium concentrations for electrons and holes; 

(b) EF position relative to Ei. 

Note, when computing (a) and (b) there are several temperature dependent parameters in the 

equations. If appropriate, feel free to justify that taking into account the most prominent part of 

the temperature dependence provides a reasonable estimate. In this case, computing (a) and (b) 

is simplified. Estimate the accuracy if the simplifications were used. 

 

Use the data to plot the electron concentration and EF position as a function of temperature.  

 

 

3. Consider a silicon-based junction as shown schematically in the figure below 

                    



Derive and sketch the charge density, the electric field, and the electric potential within the 

space charge region W of the junction. Illustrate how the edges of the conduction and valence 

bands bend. Assume the donor and acceptor concentrations to be at 1e16 and 5e17 cm-3, 

respectively in the n- and p-type sides of the junction. Assume the contact area A of 2e-3 cm-2 

and room temperature operation. Calculate:  

 

(a) the depth of the space charge region W, as well as xp0 and xn0; 
(b) the charge associated with as xp0 and xn0; 
(c) the maximum amount of the field (in terms of its absolute value); 
(d) the in-build potential; 

 
             Sketch the changes happening in the p-n junction when forward or reverse bias is applied.  


