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1. (50pt) The energy band diagram pictured in the Figure below characterizes a Si 

sample maintained at room temperature. Note that Ei-EF=EG/4 at x=L and x=-L. 
EF-Ei=EG/4 at x=0. 

a. (5pt) The semiconductor is in equilibrium. How does one deduce this fact from 
the given energy band diagram?  

b. (5pt) What is the electron current density (JN) and hole current density (JP) at 
x=+L/2 and x=-L/2?  

c. (5pt) Roughly sketch n and p versus x inside the sample   
d. (10pt) Is there an electron diffusion current at x=+L/2 and x=-L/2? If there is a 

diffusion current at a given point, indicate the direction of the current flow. 
e. (15pt) Sketch the electrostatic potential, electric field, and charge density inside 

the semiconductor as a function of x 
f.  (10 pt) Is there an electron drift current at x=+L/2 and x=-L/2? If there is a drift 

current at a given point, indicate the direction of the current flow. 
 
Assume that the function  -L<x<L is quadratic: x2 
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2. (50 pts) Si is doped with ND= 1016 cm-3 As atoms. (Ec-ED=0.054 eV) Determine the 
fraction of the donors that are ionized and the location of the Fermi energy with 
respect to the conduction band at T=77 K given mn*=1.062mo, mp*=0.590mo, and 
EG=1.12 eV. 

 



3. Please refer to the schematic below. 

a. (20 pts) What CMOS/MEMS fabrication procedure do the schematics below 

represent (Be specific)?  ___________________________________ 

b. (10 pts) Write the processing step for last line (#5) below.  

c. (20 pts) Is the photoresist positive or negative? Why?  

  

5.  



Physical Constants
(in units frequently used in semiconductor electronics)

Electronic charge                           q                        1.602 x 10-19 C
Speed of light in vacuum               c                         2.998 x 1010 cm s-1

Permittivity of vacuum                  ε0                                    8.854 x 10-14 F cm-1

Free electron mass                         m0                                  9.11 x 10-31 kg
Planck's constant                            h                        6.626 x 10-34 J s  

                                                                     4.135 x 10-15  eV s

Boltzmann's constant                     k                        1.38 x 10-23 J K-1

                                                                                 8.62 x 10-5 eV K-1

Avogadro's number                       A0                        6.022 x 1023 molecules (g mole)-1

Thermal voltage                            Vt=kT/q
at 80.6˚ F  (300K)                                                     2.586 mV
    68˚ F     (293K)                                                     2.025 mV

Conversion Factors

1 Ǻ = 10-8 cm = 0.1nm
1 mil = 10-3 inch = 25.4 µm
1 eV = 1.602 x 10-19 J
1 J = 107 erg
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