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1. A. Calculate the intrinsic carrier concentration in Si at T=350K given Eg=1.12 eV, Nc = 2.8x1019, and 

Nv = 1.04x1019.      15 points   

 

 

 

 

 

 

 

 

1. B. Circle the correct answers:   20 points 

A.  The energy band in solids forms due:  

a. The ionic nature of bonds, which leads to donation of electrons from one atom to a neighboring atom.  

b. Interaction of valence electrons in the solid. 

c. The uncertainty principle 

d. Recombination of holes and electrons 

B. Semiconductors are classified into direct and indirect bandgap materials. What criteria are used in this 

classification? 

 a. The conduction band minimum is located at the center of the lattice. 

 b. The semiconductor can directly conduct electricity using very low voltage 

 c. The valence band is totally filled and the conduction band is totally empty. Only external means of 

excitation can take the electrons to the conduction band.  

 d. The position of the conduction band minimum and the valence band maximum. If they have the same 

k value then the material is direct, otherwise indirect. 

 e. The doping level is very high and the carrier concentration does not obey the mass action law.  

 f. The conductivity depends on the direction of electron motion  

C. Diffusion of carriers in a semiconductor is driven by: 

 a. Applied voltage 

 b. Concentration gradient 

 c. Steady-state uniform exposure to light 

D. In compensated semiconductors, the Fermi level position depends on the 

a. The sum of Nd and Na 

b. The difference between Nd and Na 

c. There will be two Fermi level for each dopant type 

d. Density of state 
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2. In semiconductors, the electron and hole concentrations depend on the density of state and the 

probability of finding an electron at a given energy. Assume that the density of states is constant and 

equal to Nv in the valence band and Nc in the conduction band and given the Fermi-Dirac distribution 

function f(E) 
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Calculate the electron concentration n and the hole concentration p knowing that |E-EF| >> kT. 

30 points 
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3. A. Given the diode equation I = Io [exp(qV/kT) -1], approximate the relation for: (a) the case of forward 

bias (qV> kT), (b) the case of reverse bias, and (c) for V = 0   20 points 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 3. B. The carrier concentration dependence on temperature is shown in the figure below. The plateau in the 

curve corresponds to no = 1018 cm-3.  A. Indicate the dominating excitation mechanism in each region: intrinsic, 

ionization, extrinsic, mixture of more than one.    15  points 

B. What is the doping density in the sample?     

  

 

  

 

 

 

 

 

no (cm-3) 

1/T (K-1) 

  High T                low T → 

Region 1 Region 2 Region 3 


