
Semiconductor materials and devices 

Homework #1 

1. (a) What is the distance between nearest neighbors in silicon? 

(b) Find the number of atoms per square centimeter in silicon in the (100), (110), 

and (111) plans. 

2. Calculate the tetrahedral bond angle, the angle between any pair of the four bonds 

in a diamond lattice. (Hint: represent the four bonds as vectors of equal length. 

What must be the sum of the four vectors equal? Take components of this vector 

equation along the direction of one of these vectors.) 

3. (a) Calculate the density of GaAs (the lattice constant of GaAs is 5.65Å, and the 

atomic weights of Ga and As are 69.72 and 74.92 g/mol, respectively). 

(b) A gallium arsenide sample is doped with tin. If the tin displaces gallium atoms 

in the crystal lattice, are donors or acceptors formed? Why? Is the 

semiconductor n-or p-type? 

4. The variation of silicon and GaAs bandgaps with temperature can be expressed as 

Eg(T)=Eg(0)-T 2/(T+), where Eg(0)=1.17eV,  =4.73×10-4 eV/K, and =636 K 

for silicon; and Eg(0)=1.59eV,  =5.405×10-4eV/K, and  =204 K for GaAs. Find 

the bandgaps of Si and GaAs at 100 K and 600 K. 

5. Find the resistivities of intrinsic Si and intrinsic GaAs at 300 K. 

6. Assume that the mobility of electrons in silicon at T=300 K is n=1300 cm2/V-s. 

Also assume that the mobility is mainly limited by lattice scattering. Determine 

the electron mobility at (a) T=200K and (b) T=400 K. 

7. Two scattering mechanisms exist in a semiconductor. If only the first mechanism 

is present, the mobility will be 250 cm2/V-s. If only the second mechanism is 

present, the mobility will be 500 cm2/V-s. Determine the mobility when both 

scattering mechanisms exist at the same time. 

8. Find the electron and hole concentrations, mobilities, and resistivities of silicon 

samples at 300 K, for each of the following impurity concentrations: (a) 5×1015 

boron atoms/cm3; (b) 2×1016 boron atoms/cm3 and 1.5×1016 arsenic atoms/cm3 ; 

and (c) 5×1015 boron atoms/cm3, 1017 arsenic atoms/cm3, and 1017gallium 

atoms/cm3. (Fig. 3 in page 51 in the textbook should be used.)  

9. For a semiconductor with a constant mobility ratio b≡n/p＞1 independent of 

impurity concentration, find the maximum resistivity m  in terms of the intrinsic 

resistivity i  and the mobility ratio. 

10. A semiconductor is doped with ND (ND>>ni) and has a resistance R1. The same 

semiconductor is then doped with an unknown amount of acceptors NA (NA>> ND), 

yielding a resistance of 0.5 R1. Find NA in terms of ND if Dn/DP=50. 

   


