
Homework #2 

 

1. At room temperature (300 K) the effective density of states in the valence band is 

2.66 × 1019  cm-3  for silicon and 7 × 1018 cm-3 for gallium arsenide. Find the 

corresponding effective masses of holes. Compare these masses with the 

free-electron mass. 

2. Calculate the location of Ei in silicon at liquid nitrogen temperature (77 K), at 

room temperature (300 K), and at 100 °C (let mp =1.0 mo and mn =0.19 mo). Is it 

reasonable to assume that Ei is in the center of the forbidden gap? 

3. Find the kinetic energy of electrons in the conduction band of a nondegenerate 

n-type semiconductor at 300 K. 

4. (a) For a free electron with a velocity of 107 cm/s, what is its de Broglie 

wavelength. 

(b) In GaAs, the effective mass of electrons in the conduction band is 0.063 m0. If 

they have the same velocity, find the corresponding de Broglie wavelength. 

5. The intrinsic temperature of a semiconductor is the temperatures at which the 

intrinsic carrier concentration equals the impurity concentration. Find the intrinsic 

temperature for a silicon sample doped with 1015 phosphorus atoms/cm3
. 

6. Draw a simple flat energy band diagram for silicon doped with 1016 arsenic 

atoms/cm3 at 77 K, 300 K, and 600 K. Show the Fermi level and use the intrinsic 

Fermi leave as the energy reference. 

7. Find the electron and hole concentrations and Fermi level in silicon at 300K (a) 

for 1 × 1015 boron atoms/cm3 and (b) for 3 × 1016 boron atoms/cm3 and 2.9 × 1016 

arsenic atoms/cm3.  

8. A Si sample is doped with 1017 As atoms/cm3. What is the equilibrium hole 

concentration p0 at 300 K? Where is EF relative to Ei? 

9. Calculate the Fermi level of silicon doped with 1015, 1017, and 1019  phosphorus 

atoms/cm3 at room temperature, complete ionization, From the calculated Fermi 

level, check if the assumption complete ionization is justified for each doping. 

Assume that the ionized donors is given by n=ND [ 1-F(ED) ] = 
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10. For an n-type silicon sample with 1016 cm-3 phosphorous donor impurities and 

donor level at ED = 0.045 eV, find the ratio of the neutral donor density to the 

ionized donor density at 77 K where the Fermi level is 0.0459 eV below the 

bottom of the conduction band. The expression for ionized donors is given in Prob. 

9. 

11. The total current in a semiconductor is constant and is composed of electron drift 

current and hole diffusion current. The electron concentration is constant and 



equal to 1016 cm-3 . The hole concentration is given by 

 p(x)= 315 exp10 
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where L= 12 m. The hole diffusion coefficient is Dp = 12cm2/s and the electron 

mobility is  n =1000 cm2/V-s. The total current density is J = 4.8 A/cm2. 

Calculate (a) the hole diffusion current density versus x, (b) the electron current 

density versus x, and (c) the electric field versus x. 


