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Q.CODE : HB673 
Answer Question No.1 which is compulsory and any FIVE from the rest. 

The figures in the right hand margin indicate marks. 
  
Q1  Answer the following questions : (2 x 10) 

 a) Differentiate Metal, Insulator and Semiconductor?  
 b) Draw the nature of Fermi probability function.  
 c) Define mobility and write its expression.  
 d) Why energy bands are formed in semiconductors?  
 e) Differentiate between Indirect and direct band gap semiconductor.  
 f) What are the four modes of operation of BJT?  
 g) Why Emitter in BJT is heavily doped?  
 h) Define threshold voltage?  
 i) What is the value of surface potential under flat band condition?  
 j) What is pinch-off voltage?  
    

Q2 a) Derive the expression for total current due to both drift and diffusion. (5) 
 b) What is a compensated semiconductor? Derive the expressions for n0 and p0  in  

a  compensated  semiconductor. 
(5) 

    
Q3 a) Derive an expression for the thermal equilibrium concentration of holes in the 

valence band using density of states function and Fermi-Dirac distribution 
function. 

(5) 

 b) Calculate the thermal equilibrium electron and hole concentration in Silicon at T 
= 300 K for the case when the Fermi level is 0.22 eV below the conduction band 

energy,𝐸𝑐 .  Given the effective density of states in the conduction band and 

valence band are 𝑁𝑐 = 2.8 × 1019𝑐𝑚−3and 𝑁𝑣 = 1.04 × 1019𝑐𝑚−3 and band gap 
energy, 𝐸𝑔 = 1.1𝑒𝑉. 

(5) 

    
Q4 a) Derive an expression for the diode current in an ideal Schottky barrier diode and 

describe its I-V characteristics.  
(5) 

 b) Discuss about Ebers Moll Model. (5) 
    

Q5 a) Define the flat-band condition. Derive the expression for flat-band voltage of a 
MOS capacitor. 

(5) 

 b) Consider an oxide-to-n-type silicon junction at T= 300 K. The impurity doping 

concentration in silicon is 8 × 1015  𝑐𝑚−3. Calculate the maximum space charge 

width in silicon with carrier concentration1.5 × 1010  𝑐𝑚−3. 

(5) 

    
Q6  Derive  an expression  for  electric  field  and potential in the  space charge 

region  of  a  uniformly  doped  pn-junction . Where does the maximum electric 
field occur in space charge region?  Derive an expression for space charge 
width and discuss about the effect of doping in space charge width. 

(10) 
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Q7  Calculate minority carrier distribution in base region and collector current in 

BJT. From this calculation discuss about low level injection. 
(10) 

    
Q8  Write short Notes on any TWO : (5 x 2) 

 a) C-V Characteristics of MOS capacitor  
 b) Complete ionization and freeze-out  
 c) N-Channel MOSFET and P- Channel MOSFET  
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