
     Homework 2 

     Due : 02/12/2013 

 

These problems are from the textbook Solid State electronics devices by Ben Streetman 6
th
 edition. They 

are 3.2, 3.3, 3.5, 3.8, 3.11, 3.13, 3.16, 3.17 

 

3.2: Calculate the values for the Fermi function      at 300K and plot vs energy in eV as in Fig 3-14. 

Choose         and make the calculated points closer together near the Fermi level to obtain a smooth 

curve. Notice that      varies quite rapidly within a few kT of   . Show that the probability that a state 

∆E above    is occupied is the same as the probability that the state ∆E below    is empty. 

3.3: An unknown semiconductor has           and       . It is doped with           donors 

where the donor level is 0.2 eV below   , given that    is 0.25 eV below   , calculate    and the 

concentration of electrons and holes in the semiconductor at 300K. 

3.5: Since the effective mass of electrons in a conduction band decreases with increasing curvature of the 

band according to Eg 3-3, comment on the electron effective mass in the   valley of GaAs compared with 

the indirect X or L valleys (see fig 3-10). How is this effective mass difference reflected in the electron 

mobility for GaAs and GaP shown in Appendix III? From fig 3-10, what would you expect to happen to 

the conductivity of GaAs if   valley electrons drifting in an electric field were suddenly promoted to the 

L valley? 

3.8: Show that Eq. 3-25 results from Eqs 3-15 and 3-19. If   =           where is the Fermi level 

relative to    in Si at 300K. 

3.11: A new semiconductor has   =           ,   =             , and        . If it is doped with 

     donors(fully ionized), calculate the electron, hole and intrinsic carrier concentrations at      C. 

Sketch the simplified band diagram, showing the position of    . 

3.13: a) A Si bar 0.1   long and 100     in cross sectional area is doped with           phosphorus. 

Find the current at 300K with 10V applied. Repeat for a Si bar 1   long. 

         b) How long does it take an average electron to drift 1   in pure Si at an electric field of 100 

V/cm? Repeat for     V/cm. 

3.16: In a long semiconductor bar (        , conduction band electrons come in from the left in the 

positive x direction with kinetic energy of 3 eV. They move from location A to B to C to D. Between A 

and B, the electric field is zero; between B and C,there is a linearly varying voltage increase of 4V; 

between C and D, the field is again zero. Assuming no scattering, sketch a simplified band diagram 

describing the motion of these electrons. Assuming that these electrons can be described as plane waves, 



with a free-electron mass, write down the wave function of the electrons at D. Leave your result in terms 

of an arbitrary normalization constant. 

3.17: Assume that a conduction electron in Si (              ) has a thermal energy of kT,related to 

its mean thermal velocity by            
    . This electron is placed in an electric field of 100 V/cm. 

Show that the drift velocity of the electron in this case is small compared with its thermal velocity. Repeat 

for a field of     V/cm, using the same value of   . Comment on the actual mobility effects at this higher 

value of the field. 

 


