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Part- I 

Q1  Only Short Answer Type Questions (Answer All-10) (2 x 10) 
 a) Given the uncertainty in position of an electron is ∆x = 8 Å. Determine the minimumun 

certainly in momentum. Further if the nominal value of momentumis p=1.2 X10–23 kg-
m/s, determine the corresponding uncertainty in kineticenergy. 

 

 b) What is the physical meaning of Schrodinger’s wave function?  
 c) What is a direct band-gap and indirect band-gap semiconductor? Give one example 

for each. 
 

 d) Under what condition would the intrinsic Fermi level be at the mid-gap energy?  
 e) Differentiate between ionized impurity scattering and lattice scattering.  
 f) Why is the general ambipolar transport equation nonlinear?  
 g) Why is the space charge width larger in the lower doped side of a pn junction?  
 h) Define surface potential. Does the surface potential change significantly with gate 

voltage once threshold is reached? 
 

 i) What is meant by a probability density function?  
 j) What is the principle behind photo-detectors?  
    
  Part- II  

Q2  Only Focused-Short Answer Type Questions-  (Answer Any Eight out of Twelve) (6 x 8) 
 a) A certain semiconductor device requires a tunneling probability of T= 5 X 10-6for an 

electron tunneling through a rectangular barrier with a barrier height ofV0= 0.8 eV. The 
electron energy is E = 0.08 eV. Determine the maximum barrier width. 

 

 b) An electron is traveling in the negative x direction with a kinetic energy of 0.025 eV.    
(i) Write the equation of a plane wave that describes this particle. (ii) What are the 
wavenumber, wavelength, and angular frequency of the wave that describes this 
electron? 

 

 c) Calculate the intrinsic carrier concentration in silicon at T= 250 K and at T= 400 K. The 
values of Nc and Nv for silicon at T=300 K are 2.8x1019 cm-3and 1.04x1019 cm-3, 
respectively. Both Nc and Nv vary as T3/2. Assume the band-gap energy of silicon 
is1.12 eV and does not vary over this temperature range. 

 

 d) The electron concentration in silicon at T = 300 K is n0= 2 x105 cm-3. (i) Determine the 
position of the Fermi level with respect to the valence band energy level.(ii) Determine 
p0. (iii) Is this n- or p-type material? 

 

 e) A compensated p-type silicon material at T=300 K has impurity doping concentrations 
of Na= 2.8 X 1017cm-3 and Nd= 8 X 1019 cm-3. Determine the (i) hole mobility, (ii) 
conductivity, and (iii) resistivity. 

 

 f) What is Hall effect? Explain why the polarity of the Hall voltage changes depending on 
the conductivity type (n type or p type) of the semiconductor. 

 

 g) Describe the concept of excess carrier generation and recombination.  
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 h) Sketch the energy-band diagrams in a MOS capacitor with an n-type substrate in 
accumulation, depletion and inversion. 

 

 i) Explain emitter current crowding.  
 j) What is the principle of a hetero-junction?  
 k) Consider an N-Al0.3Ga0.7As layer doped to 1018 cm_3and having a thickness of 500 Å. 

Assume an undoped spacer layer of 20 Å. Let ϕB= 0.85 V and ∆Ec/q = 0.22 V. The 
relative dielectric constant of Al0.3Ga0.7As is εN= 12.2. Determine the two-dimensional 
electron concentration for the heterojunction. 

 

 l) Differentiate between an enhancement mode and a depletion mode MOSFET.  
    
  Part-III  
  Only Long Answer Type Questions (Answer Any Two out of Four)  

Q3  What is the Kronig–Penney model? What does it represent? State two results of using 
the Kronig–Penney model with Schrodinger’s wave equation. 

(16) 

    
Q4  Derive the ideal current–voltage relationship for a pn junction diode. Sketch the 

electron and hole currents through a forward-biased pn junction diode. Are currents 
near the junction primarily due to drift or diffusion? What about currents far from the 
junction? 

(16) 

    
Q5  Explain the conditions of the cut-off, saturation, and inverse-active modes of a BJT. (16) 

    
Q6  Describe the Basic operation of MESFET using suitable illustrations. Also discuss its 

characteristics. 
(16) 
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