
 

 

 

 

 

 

 



20CS/EE/EI/IT202 
Hall Ticket Number: 

         
 

I/IV B.Tech (Regular\Supplementary) DEGREE EXAMINATION 

August, 2023 Common to CS/EE/EI & IT Branches    

Second Semester Semiconductor Physics &Nano materials 
Time: Three Hours Maximum: 70 Marks 

Answer question 1 compulsory.                  (14X1 = 14Marks) 

Answer one question from each unit.                                                      (4X14=56 Marks) 

  

   CO BL 1M 

1 a) Fermi energy is the energy of the highest filled state at -------------temperature.  CO1 L4  1M 

 b) Write any two failures of free electron theory. CO1 L1  1M 

 c) What do you mean by hole? CO1 L1  1M 

 d) The mobile charge carriers in a semiconductor are ---------------------. CO2 L1  1M 

 e) In an intrinsic semiconductor, the number of electrons in conduction band and holes in 

valance band are equal. True/false 

CO2 L4  1M 

 f) Write the expression for continuity equation. CO2 L1  1M 

 g) Mention any two applications of photo diode. CO3 L3  1M 

 h) LED emits light under --------------- bias condition. CO3 L1  1M 

 i) Define Faraday effect. CO3 L1  1M 

 j) In nanomaterials, with decrease of particle size the number of atoms at the surface ----------

------. 

CO4 L4  1M 

 k) Mention any two applications of carbon nanotubes. CO4 L3  1M 

 l) What are nanomaterials? CO4 L1  1M 

 m) What do you mean by dark current in APD. CO3 L2  1M 

 n) State Bragg’s law. CO4 L1  1M 

Unit-I 

2 a) Distinguish between direct and indirect band gap materials. CO1 L1 4M 

 b) Explain energy bands in solids by using kronig-penny model and classify the types of 

electronic materials based on band theory of solids. 

CO1 L2 10M 

                 (OR)    

3 a) What is density of states? Obtain an expression for density of states. CO1 L1 7M 

 b) What do you mean by effective mass of an electron? Obtain an expression for effective 

mass of an electron. 

CO1 L2 7M 

Unit-II 

4 a) What are semiconductors? Distinguish between n-type and p-type semiconductors. CO2 L1 7M 

 b) Obtain an expression for concentration of electrons in an intrinsic semiconductor. CO2 L3 7M 

                                                                                           (OR) 

5 a) Discuss the p-n junction diode in detail. CO2 L2 8M 

 b) State and obtain the expressions for drift and diffusion currents. CO2 L1 6M 

Unit-III 

6 a) Distinguish between LED and LCD. CO3 L1 6M 

 b) Explain the principle, construction and working of solar cell. CO3 L1 8M 

                                                                                            (OR)1 

7 a) Explain the principle, construction and working of PIN diode. CO3 L2 8M 



 b) Calculate the wavelength of radiation emitted by an LED made up of a semiconducting 

material with a band gap energy 2.8 eV. Identify the colour of the light emitted from LED. 

CO3 L3 6M 

Unit-IV 

8 a) Discuss about quantum confinement effect and surface area to volume ratio in 

nanomaterials. Write the important properties of nanomaterials. 

CO4 L2 6M 

 b) Explain in detail the synthesis of nanomaterials by Sol-Gel method. CO4 L4 8M 

                                                                                            (OR) 

9 a) Illustrate the important applications of nanomaterials in different fields of science and 

technology. 

CO4 L1 7M 

 b) Describe the construction and working of scanning electron microscope (SEM). CO4 L3 7M 

 
I. a) Fermi energy is the energy of the highest filled state at 0K temperature. 

b) Write any two failures of free electron theory. 
Two failures from classical or quantum theories 

c) What do you mean by hole? 

Absence or vacancy created by electron in valance band. 

d) The mobile charge carriers in a semiconductor are electrons and holes. 

e) In an intrinsic semiconductor, the number of electrons in  

conduction band and holes in valance band are equal. True/false – True 

f) Write the expression for continuity equation. 

 

g) Mention any two applications of photo diode. 

Any two applications 

h) LED emits light under Forward bias condition. 

i) Define Faraday effect. 

Optically inactive substances acquire the ability of rotating the plane of polarisation of light when they are 
subjected to a magnetic field, parallel to propagation direction. 

j) In nanomaterials, with decrease of particle size the number of atoms at the surface Increases 

k) Mention any two applications of carbon nanotubes. 

Any two applications 

l) What are nanomaterials? 



The solid materials whose physical size is in the range of 1 to 100nm. 

m) What do you mean by dark current in APD. 

Current generated in a reverse biased p-n junction in the absence of light 

n) State Bragg’s law. 

nλ = 2d sinθ 

2. a. Distinguish between direct and indirect band gap materials - 4m 
Any 4 differences 
Direct bandgap materials Indirect bandgap materials 

  

The materials for which maximum of 

valence band and minimum of conduction 

band lie at same value of k are called direct 

band gap materials. 

 

The materials for which maximum of valence band 

and minimum of conduction band does not occur at 

same value of k are called indirect band gap 

materials. 

 

Here there will be direct transitions Here there will be Indirect transitions 

By recombination we get light energy By recombination we get heat energy 

These are used to make opto-electronic 

devices like LED, laser diode etc. 

These are used for making diodes, transistors etc. 

Ex: GaAs,InP,GaInP Si,Ge 

 
b) Explain energy bands in solids by using kronig-penny model and classify the types of electronic materials 
based on band theory of solids – 10m 
kronig-penny model (9m = explanation-5m, diagram-1m, two cases-3m) + 1 difference based on energy 
band diagram for three materials-1m 



 
 

 



 

 
 
3.a. What is density of states? Obtain an expression for density of states – 7m 
Definition -1, diagram-1, explanation-5 

 
 

 



 
3.b. What do you mean by effective mass of an electron? Obtain an expression for effective mass of an 
electron. 
Definition-1m, diagram -1m, derivation-5m 

 



 

 
 
4.a. What are semiconductors? Distinguish between n-type and p-type semiconductors.-7m 
Definition-1m, any five differences-6m 
Semiconductors are defined as substances whose conductivity lies between that of an insulator and a 
conductor. 
example- Si,Ge,GaAS 

 



 
4.b. Obtain an expression for concentration of electrons in an intrinsic semiconductor.-7m 
Calculation of density of electrons 
Let dn be the number of electrons available between energy interval Ë and E + dE in the conduction band. 
dn = Z(E) F(E) dE 

 

 

 

Since the electron is moving in periodic potential, and E starts from bottom of conduction band Ec the above 
equation becomes 

                            

 



 

 

 

5.a. Discuss the p-n junction diode in detail.-8m 
Construction – 2m,  Forward and reverse bias with graph – 6m 

 

 



 

 

 

 



 

 
5.b. State and obtain the expressions for drift and diffusion currents.-6m 
Drift and Diffusion currents-3+3=6M 

State and obtain the expressions for drift and diffusion currents. 
Drift and Diffusion currents-3+3=6M 
Drift: 

 In a material (metal or semiconductor), in the absence of electric field, the random motion of electrons 

results in net charge to be zero. This is because charge movement in one direction is balanced by charge movement 

in other direction. But when an external field is applied, each charge carrier experiences a force such that all the 

charge carriers move in one direction. This net movement of charge carriers is known as drift. Therefore the electric 

current density is given by 

                                                                       𝐽 = (𝑛𝑒)𝑣𝑑 -------------------(1) 

Where ‘ne’ is the total charge and vd is drift velocity 

We have Ohm’s law in terms of conductivity σ and current density J is given by 𝐽 = 𝜎𝐸 -----------------(2) 

We have mobility   𝜇 =
𝑣𝑑

𝐸
 →  𝑣𝑑 =  𝜇𝐸  ------------------------------(3) 

From  (1) & (3) we can write       𝐽 = 𝑛𝑒𝜇𝐸 --------------------------(4) 

From  (2) & (4) we can write       𝜎 = 𝑛𝑒𝜇    -------------------------(5) 

CO2 



In case of a semiconducting material, the current flow is due to electrons and holes. Therefore current densities 

due to electrons and holes is given by  𝐽𝑛(𝑑𝑟𝑖𝑓𝑡) =  𝑛𝜇𝑛𝑒𝐸 

                                                                                                   𝐽𝑝(𝑑𝑟𝑖𝑓𝑡) =  𝑝𝜇𝑝𝑒𝐸 

And the total drift current is the sum of above two equations ⇒ 

  𝐽 (𝑑𝑟𝑖𝑓𝑡) = 𝑛𝜇𝑛𝑒𝐸 +  𝑝𝜇𝑝𝑒𝐸 

And total conductivity is given by       𝜎 = 𝑛𝑒𝜇𝑛 + 𝑝𝑒𝜇𝑝     

Diffusion: 

 In addition to the drift motion, the carriers in a semiconductor may move by diffusion. Diffusion occurs 

whenever there is a non-uniform concentration of charge carriers. Excess carriers are introduced locallly in a 

semiconductor, either by heating or radiation incidence. Then the excess carriers move from the region of higher 

concentration to region of lower concentration tending to produce a uniform distribution. This phenominon is 

called diffusion.  

 Let us suppose that the concentration ‘Δn’ of electrons varies with distance x in the semiconductor, then 

the concentration gradient will be 
𝝏(∆𝒏)

𝝏𝒙
 

According to Fick’s law, the rate of carrier diffusion is proportional to concentration gradient and the movement is 

in the direction of negative gradient. Hence rate of flow is proportional to −
𝝏(∆𝒏)

𝝏𝒙
. 

This implies that rate of flow = −𝑫𝒏
𝝏(∆𝒏)

𝝏𝒙
; where 𝐷𝑛 is known as diffusion coefficient. This flow constitutes an 

electron diffusion current density given by  

𝐽𝑛(𝑑𝑖𝑓𝑓𝑢𝑠𝑖𝑜𝑛) = −(𝑒)(𝑟𝑎𝑡𝑒 𝑜𝑓 𝑓𝑙𝑜𝑤 𝑎𝑐𝑟𝑜𝑠𝑠 𝑢𝑛𝑖𝑡 𝑎𝑟𝑒𝑎) 

                                                                     =  −(𝒆) (−𝑫𝒏
𝝏(∆𝒏)

𝝏𝒙
) = 𝒆𝑫𝒏

𝝏(∆𝒏)

𝝏𝒙
------------(6) 

Similarly for an excess hole concentration, diffusion current density is given by 

                                      

𝐽𝑝(𝑑𝑖𝑓𝑓𝑢𝑠𝑖𝑜𝑛) = (𝑒)(𝑟𝑎𝑡𝑒 𝑜𝑓 𝑓𝑙𝑜𝑤 𝑜𝑓 ℎ𝑜𝑙𝑒𝑠 𝑎𝑐𝑟𝑜𝑠𝑠 𝑢𝑛𝑖𝑡 𝑎𝑟𝑒𝑎) 

                                                                =  (𝒆) (−𝑫𝒑
𝝏(∆𝒑)

𝝏𝒙
) = −𝒆𝑫𝒑

𝝏(∆𝒑)

𝝏𝒙
 --------------(7) 

6.a. Distinguish between LED and LCD.-6m- Any three differences 

LED LCD 

LED stands for Light Emitting Diode LCD stands for Liquid Crystal Display 



 

 

 
6.b. Explain the principle, construction and working of solar cell. – 8m 
Principle-1m, Constuction-3m, Working-4m 

 

 



 

 
7.a. Explain the principle, construction and working of PIN diode. -8m 
Principle-1m, construction-3m,working-4m 

The p-i-n Photodiode 

It is a reverse biased p-n junction which produces photo current(photoelectric effect) with a large intrinsic 

region sandwiched between p and n-regions.The structure of a p-i-n photodiode is shown in Fig. It is a device that 

consists of p and n regions separated by a very lightly doped intrinsic region (i). The first and most important feature of 

p-i-n photodiode is that its depletion region extends well into the intrinsic region, as it is lightly doped. Under 

sufficiently large reverse bias, the depletion region could extend through the intrinsic region, where by the entire 

intrinsic region could be made free of charge carriers. The intrinsic layer in effect widens the depletion region and 

therefore increases area available for capturing light. Thus, the p-i-n structure of the photodiode enables us to increase 

the width of the depletion region to a value far greater than a simple pn-junction. 

 



 
 

The p-i-n diode has a wide intrinsic semiconductor layer between p- and n-regions. The intrinsic layer has no 

free charges, so its resistance is high and most of the bias voltage drops across it. When an incident photon has energy 

greater than or equal to the band gap energy of the semiconductor material, the photon can give up its energy and 

excite an electron from the valence band to the conduction band. This process generates free electron-hole pairs. These 

carriers are mainly generated in the depletion (depleted intrinsic) region where most of the incident light is absorbed. 

The high electric field present in the depletion region causes the free carriers to separate and be collected across the 

reverse biased junction. This gives rise to a current flow in the external circuit. As the intrinsic layer is wide enough, 

most of the photons are absorbed and larger photocurrent is produced. Therefore, p-i-n photodiode is more sensitive 

than pn-photodiode. 

 

Advantages of p-i-n-photodiode 

• The depletion region is very wide and extends throughout the intrinsic region and hence the reverse bias need not be 

varied to widen the depletion region. 

• The reverse bias applied is small, of the order of 5V. 

• As the depletion area is wider, most of the incident photons are absorbed in this region and hence the efficiency of 

this device is high. 

• The dark current in this device is smaller. 

7.b. Calculate the wavelength of radiation emitted by an LED made up of a semiconducting material with a band 
gap energy 2.8 eV. Identify the colour of the light emitted from LED. 
formula-1m, calculation-3m, colour identification-2m 
We have Eg = hϑ = hc/λ 

For Eg =2.8eV with h=6.625X10-34 and c = 3X108 

We get  λ = 6.625X10-34X3X108 J = 4.436X10-7m (aprox.) =4436X10-10m=4436 A° 
                    2.8X1.6X10-19 
The colour of light will be blue 
 
8.a. Discuss about quantum confinement effect and surface area to volume ratio in nanomaterials. Write the 
important properties of nanomaterials. -6m 
Quantum confinement-2m, surface area to volume ratio-2m, any two properties-2m 



 

 

 
 
 
8.b. Explain in detail the synthesis of nanomaterials by Sol-Gel method.-8m 
Diagram-2m, explanation-6m 
Sol-gel method:  

The sol-gel process is a wet chemical process to make ceramic and glass materials. This synthesis technique 

involves the conversion of a system from a colloidal liquid, named sol, into a semi-solid gel phase. The sol-gel 

technology can be used to prepare ceramic or glass materials in a wide variety of forms: ultra-fine or spherical 

shaped powders, thin film coatings, ceramic fibres etc. An overview of the sol-gel process is illustrated in Fig.  



 
Mechanism of Sol-gel process 

 

Material     Dissolved in         Solution   Series of   colloidal Solution Condensation/ Polymerization 

               Aqueous solution                      hydrolysis                                 Addition of Gelling agent 

                         Gel       Different   Different Materials (Aero gels, Xerogels, Dense ceramics etc.,) 

                                   techniques                                                                                                  

The starting materials used in the preparation of the sol are usually inorganic metal salts or metal organic 

compounds, which are dissolved in aqueous solution or alcohol. This solution, by hydrolysis and polycondensation 

reactions forms the sol. Further processing of the sol enables one to make ceramic materials in different forms. 

Thin films can be produced from sol by spin-coating or dip-coating. By adjusting viscosity of a sol in a suitable 

viscosity range, ceramic fibers can be drawn from the sol. Sol can be dried so that the trapped water and alcohol 

are removed, the network shrinks and the condensation process moves further. By adding a gelling agent, sol is 

brought into gel form through polymerization process. By drying and heat-treatment, the gel is converted into 

dense ceramic or glass materials. If the liquid in a wet gel is removed under a supercritical condition, a highly 

porous and extremely low density aerogel material is obtained. Ultra-fine and uniform ceramic powders are formed 

by precipitation, spray pyrolysis etc. The size and shape of nano material depends on   

1. Reagent concentrations     2. PH of solution     3. Temperature and time of reaction   

4. Nature and concentration of catalyst    5. Drying 

 
9.a. Illustrate the important applications of nanomaterials in different fields of science and technology.-7m 
Any seven applications-7m 
9.b. Describe the construction and working of scanning electron microscope (SEM). 
Construction-3m, working – 4m 



 

 

 
 



 

 

 

 

 


