
Page 1 of 4 
 

 

                               

MURANG’A UNIVERSITY OF TECHNOLOGY 

  

SCHOOL OF ENGINEERING AND TECHNOLOGY  

DEPARTMENT OF ELECTRICAL AND ELECTRONIC ENGINEERING  

 

UNIVERSITY ORDINARY EXAMINATION  

2020/2021 ACADEMIC YEAR 

SECOND YEAR FIRST SEMESTER EXAMINATION FOR BACHELOR OF 

SCIENCE IN ELECTRICAL AND ELECTRONIC ENGINEERING 

 

EES 205 – PHYSICAL ELECTRONICS 1 

DURATION: 2 HOURS 

 

 

 
       INSTRUCTIONS TO CANDIDATES: 

1. Answer question ONE and Any two questions. 

2. Mobile phones are not allowed in the examination room. 

3. You are not allowed to write on this examination question paper. 

 

 



Page 2 of 4 
 

SECTION A- ATTEMPT ALL QUESTIONS 

Question 1 

a. Define the term fermi energy level as used in energy band theory                       (1 mark)  

b. State the type of impurities used in semiconductors giving at least two examples                                          

.                                                                                                                               (4 marks)  

c. Justify why silicon is the most commonly used material in manufacturing semiconductor 

devices                                                   (4 marks)  

d. Briefly explain the significance of Schrödinger’s time independent wave equation as used 

in quantum mechanics                                                 (2 marks)  

e. Distinguish between Complete ionization and Freeze out as applied in quantum theory  

                                        (2 marks)  

f. Calculate the probability that an energy state above Ef is occupied by an electron if the 

energy level is 3kT above the Fermi energy at a temperature T = 300 K             (2 marks) 

g. With the aid of a well labelled diagram briefly explain the effect of temperature on the 

resistivity of conductors, insulators and semiconductors                      (4 marks) 

h. A particle with a mass of 2 x 10
-31

kg has a de Broglie wave length of 112Å, determine 

the momentum and kinetic energy of the particle.             (3 marks)  

i. Calculate the probability that an energy state in the conduction band at E= Ec + kT is 

occupied by an electron and calculate the thermal equilibrium electron concentration in 

silicon at T=300k                            (4 marks)  

j. A light source of wavelength λ illuminates a metal and ejects photo electrons with a 

maximum kinetic energy of 1.0 eV. A second light source with half the wavelength of the 

first ejects photoelectrons with a maximum kinetic energy of 4.0 eV. Determine the work 

function of the metal                            (4 marks)  
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SECTION B – ATTEMPT ANY TWO QUESTIONS 

QUESTION 2 

a. Define a Compensated semiconductor and briefly explain how it is formed       (2 marks)  

b. Impurity doping concentrations of Na=10
16

cm
-3

 and Nd=3 x 10
15

 cm
-3

 are added to 

silicon at T=300k. Excess carriers are generated in the semiconductor such that the steady 

state excess carrier concentration are δn=δp=4x10
14

cm
-13

. Assume ni=1.5x10
10

 cm
-3

 

i) Determine the thermal equilibrium Fermi level with respect to intrinsic Fermi 

levels                                                                                                           (4 marks)  

ii) Find the position of quasi-fermi energy levels for electrons Efn and holes EFP with 

respect to intrinsic Fermi energy level EFi                        (4 marks)  

iii) Represent the results in (ii) above in an energy band diagram                   (2 marks)  

c. The fermi energy level of a particular material is 6.25eV and the electrons in this material 

follow the Fermi-dirac distribution function. Calculate the temperature at which there is a 

1 percent probability that a state 0.3eV below the Fermi energy level will not contain an 

electron                                                 (4 marks)  

d. Determine the fraction of total electrons still in the donor states at T=300K. Assume 

silicon is doped with phosphorus to a concentration of Nd = 5 x 10
15

 cm
-3

, Nc=2.8 x 

10
19

cm
-13

 with ionization energy of donor electrons as 0.045eV. Comment on your 

answer                                      (4 marks)  

QUESTION 3 

a. Calculate the space charge width and electric field in a pn junction under zero bias. 

Consider a silicon pn junction at T= 300K with doping concentration of Na=10
10

cm
-3

 

and Nd=10
15

cm
-3

                                                           (4 marks)  

b. Determine the n-type doping concentration of a pn junction such that the maximum 

electric field is Emax = 2.5x105 V/cm at reverse–bias voltage of VR=25V. Consider a 

silicon pn junction at T=300K with p-type doping concentration of Na=2 x 10
17

 cm
-3

 

                                                                                             (5 marks)  
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c. i. Explain three statistical laws that determine the distribution of particles among 

available energy states                                                                                   (6 marks) 

ii. Calculate the thermal equilibrium concentrations of electrons and holes for a given 

Fermi energy.  

Consider silicon at T= 300K, Nv = 1.04 x 10
19

cm
-3

, Nc= 2.8 x 10
19

cm
-3

. Assume that 

the Fermi level is 0.25 eV above the valence – band energy. If we assume the band 

gap energy of silicon is 1.12eV, then the Fermi energy will be 0.87 below the 

conduction-band energy                                                                                  (5 marks) 

 

QUESTION 4  

a. Define the term work function as used in quantum mechanics and using a graph 

briefly describe the relationship between maximum kinetic energy and frequency of 

incident light in photometric effect                       (4 marks)  

b. The work function for tungsten ten is ϕ=4.52eV 

i. Determine the cut – off wavelength of light that can result in generation of 

photo current                          (2 marks) 

ii. Calculate the maximum kinetic energy Kmax of emitted electrons when light 

of wavelength λ=200nm is used to irradiate this tungsten piece         (3 marks)  

iii. What is the stopping potential (voltage) for this case (λ=200nm)      (3 marks)  

c. Beginning with the one-dimensional non-relativistic Schrodinger wave equation, 

derive the time independent Schrödinger’s wave equation          (8 marks) 

Useful constants 

                  

          
         

         
       

          
       

         
             

          
         

        


