
UNIT I- CRYSTALLOGRAPHY
PART - A

1. What is a space lattice?

Ans:  Space lattice is an infinite arrangement of points in three dimensional spaces in which every point has an identical surrounding.

2. Name seven crystal systems.

Ans: (i) Cubic (ii)Tetragonal (iii) Orthorhombic (iv) Monoclinic (v) Triclinic (vi) Rhombohedral(vii) Hexagonal

3. Define coordination number.

Ans:  Coordination number is the number of nearest neighboring atoms which surrounding a particular atom in the crystal.

4. Define atomic radius.

Ans:  Half of the distance between any two nearest neighboring atoms in a crystal is known as atomic radius. It is denoted by ‘r’ and is usually expressed in terms of the cube edge ‘a’.

5. Differentiate Primitive and Non – Primitive cell with example.

	Primitive cell
	Non- Primitive cell

	Primitive cell consists of only one lattice point per unit cell.
	Non- Primitive cell consists of more than onelattice point per unit cell

	Ex. Simple Cubic
	Ex. BCC,  FCC


6. What are Miller indices?

Ans:  Miller indices are the three smallest possible integers which have the same ratio as the reciprocals of the intercepts of the plane concerned along the three axes.

7. Define unit cell.








(May ‘17)

Ans:A unit cell is the smallest geometric figure which gives a complete crystal structure by translational repetition in 3- D space.
8. What are Bravais lattices?

Ans:  According to Bravais, there are 14 possible types of space lattices out of seven crystal systems. These 14 space lattices are called Bravais lattices.

9. Write the expression for inter-planar spacing for a cubic system in terms of lattice 
constant and Miller indices.

Ans:  Inter planar spacing
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a = lattice constant, h k l= Miller indices.

10. What are the lattice parameters of a unit cell?

Ans:  The characteristic intercepts on the axes a, b& c and interfacial angles α, β and γ are the lattice parameters of a unit cell.
11. Distinguish between crystalline and non-crystalline material.

	Crystalline material
	Non-crystalline material

	Regular and periodic arrangement of atoms in 3-D Space.
	Irregular and non-periodic arrangement of atoms.

	They are direction dependent so called anisotropic.
	They are direction independent so called isotropic.

	They are most stable.
	They are less stable.

	Example: Cu, Ag,Ge, Si.
	Example: Plastic, glass, rubber


12. Define interatomic distance and inter-planar distance.
Inter atomic distance:  The distance between the centres of any two nearest neighboring atoms.
Inter planar distance: The perpendicular distance between any two consecutive parallel planes.
13. What is meant by loosely packed and closely packed crystal structures? Give an example for each.
Ans:  A loosely packed crystal structure has low packing factor that is, in which more vacant sites are available. Eg: Polonium

Closely packed structure has the highest packing factor of 0.74. Here the atoms are closely packed leaving a small space as vacant site in the crystal. Eg: Copper – FCC, Zinc – HCP

14.What is diamond structure?

Ans:Diamond structure is a combination of two interpenetrating FCC sub lattices along the body diagonal at a distance of  ¼th of cube edge.Eg: Germanium, Silicon. 

15. Which structure has least co-ordination number and maximum bravais lattice?

Ans:Least co-ordination number – Diamond
  Maximum Bravais lattice – Orthorhombic

16. Draw the following planes in a cubic structure (001), (100), (110), (111).

	(001)
	(100)
	(110)
	(111)
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17. The lattice constant of a cubic crystal is 2.5 Å. Find the lattice spacing for (3 1 0) and (2 1 3) planes in the lattice. 






(June‘14)

Ans:  d= a/√ (h2+k2+l2)

d1= 2.5×10-10/√ (32+12), d1= 2.5×10-10/√ (10); d1=0.79×10-10m;

d2= 2.5×10-10/√ (22+12+32), d2= 2.5×10-10/√ (14); d2= 0.668×10-10m

18. Defects in crystals are not always harmful. Justify.
Ans: Doping in pure semiconductor increases there electrical conductivity and given boundaries increase the mechanical strength of the material. Hence, the crystals are not always harmful.


19. What are point defects or zero dimensional defects? 

Ans: The defects which take place due to imperfect packing of atoms during crystallization are known as point defects.

20.What is line defects or a one dimensional defect?

Ans: the defects which take place due to dislocation or distortion of atoms along a line in some direction is called line defect.

PART-B

1. What are the lattice parameters of an unit cell? Define the terms atomic radius and packing factor. Calculate all the above for SC, BCC and FCC structures.            

(June2016)
2.  What is a packing factor? Prove that the packing factor of HCP is 0.74. 

(Jan 2009)
3. What is packing factor? Obtain packing factors for SC, BCC and FCC structures.
(Jan 2018)
4. (a) What are Miller Indices? Explain how they are determined with any two planes in SC structure. Give their significance. 








(May 2017)
(b) The lattice constant for an unit cell of aluminum is 4.049Å. Calculate the spacing of (220) plane.

5. (i) Sketch two successive (110) plane. 

(ii) Show that for a cubic lattice, the distance between two successive planes (h k l) is given by 
d= a/√ (h2+k2+l2).






6. Describe the structure of Diamond and graphite




(May2017)
7. Describe Bravais lattices of the seven crystal systems with neat diagrams. 

6. Write a note on imperfections in crystals.





(Jan 2018)
UNIT II - ELECTRICAL AND MAGNETIC PROPERTIES OF MATERIALS

PART – A
1) What are bound and free electrons?
The electron is strongly bound to the nucleus is called bound electrons and this electron is one of the inner shell electron of an isolated atom and does not contribute the conductivity of the metal.

Free electron is the electron which moves freely in all direction in the absence of an external field. These electrons collide with each other and also with the lattice elastically and hence there is no loss in energy.
2) Give the postulates of free electron theory.
In a metal, the free electrons of an atom are free to move about the entire volume of the metal like the molecules of a perfect gas in a container. These free electrons in the metal are responsible for electrical conduction.
3) Define drift velocity.   

The average velocity acquired by the free electron in a particular direction, due to the application of electric field is called drift velocity.
4) Define relaxation timeand collision time.

Relaxation time can be defined as the time taken by the free electron to reach its equilibrium position from its disturbed position in the presence of an applied field.

Collision time is defined as the average time taken by a free electron between two successive collisions.
5) Define mean free path.

The average distance travelled by an electron between two successive collisions is known as mean free path.
6) Define Mobility of Electrons. Write its unit. 
The magnitude of the drift velocity per unit electric field is defined as the Mobility of electrons (μ). 

7) What are the drawbacks of classical free electron theory?
a) It predicted the value of electronic specific heat as (3/2)R. But experimentally it is about 0.01R only.

b) The ratio between thermal conductivity and electrical conductivity is not constant at low temperatures.

c) The theoretical value of paramagnetic susceptibility is greater than experimental value.

d) The electrical conductivity of semiconductors, ferromagnetism, photoelectric effect and blackbodyradiation cannot be explained.
8) What are the merits of classical free electron theory?
a) It verifies Ohms law.

b) It explains the electrical conductivity and thermal conductivity of metals.

c) It is used to derive Wiedemann – Franz law.
9) Write the Fermi-dirac distribution function. (or) Define Fermi distribution function.
Fermi-dirac distribution function represents the probability of an electron occupying a given energy level.

F(E) =1/(1+e(E-EF)/KT)
10) What do you mean by tight binding approximation? Give itssignificance.

When the atoms are free but the electrons are tightly bound to their respective atoms, it is known as tight binding approximation. It is better suited for modeling insulators.

11) Define effective mass of anelectron.

When an electron in a periodic potential of lattice is accelerated by an electric field or magnetic field, then the mass of the electron is called as effective mass 𝑚∗.
12) What do you mean by ahole?

An electron in the upper half of the band which behaves as a positively charged particle is known as a hole.

13) What is a periodicpotential?

When an electron moves through a solid, its potential energy varies periodically with the periodicity equal to period of space lattice ‘a’. This is called periodic potential.

14) On the basis of spin how the materials are classified as Para, Ferro, Antiferro and Ferrimagnetic. (Or) How will you differentiate magnetic materials based on their spin alignment?


Paramagnetic materials have few unpaired electron spins of equal magnitudes.

Ferromagnetic materials have many unpaired electron spins with equal magnitudes.

Antiferro magnetic materials have equal magnitude of spins but in antiparallel manner.

Ferrimagnetic materials have spins in antiparallel manner but with unequal magnitudes.

15) Give Curie – Weiss law anditsimportance.
(June2014)

Curie –Weiss law isgiven by
χm= C / T -θ
Where C – Curie constant, T – Absolute temperature, θ – Curie temperature

Importance: It determines the susceptibility of the magnetic materials in terms of temperatures (i.e) if the temperature is greater than curie temperature, a ferromagnetic material becomes paramagnetic material.

16) What do you mean by the term magnetic domains?

Magnetic domains are the small regions in a ferromagnetic material which has a group of atoms.These atoms can be completely magnetized by favorable exchange spin-spin interaction. 

17) Give the origin of magnetic moment in magneticmaterials.


The magnetic moment originates from the orbital motion and spinning motion of electrons in atoms, particularly ferromagnetism is mainly due to spin-spin interaction of unpaired electrons in the ferromagnetic atoms.

18) Why diamagnetic materials are called weak magnets and ferromagnetic materials are called strongmagnets?


If a diamagnetic material is kept in an external magnetic field, the electron spins in the material reorient in such a way that they align perpendicular to the field direction and hence the materials will not be easily magnetized. Thus diamagnetic materials are called weak magnets. When a ferromagnetic material is kept in an external magnetic field, the electrons which are already aligned parallel to the direction of magnetic field acquire a very strong magnetic moment in it. Hence ferromagnetic materials are strong magnets.

19) What is Giant magneto resistance and write theapplications?


It is a quantum mechanical magneto resistance effect observed in multilayers composed of alternating ferromagnetic and non-magnetic conducting layers.The effect is observed as a significant change in the electrical resistancedepending on whether the magnetization of adjacent ferromagnetic layers is in parallel or an antiparallel alignment. This effect is based on the dependence of electron scattering on the spin orientation.

20) Define Bohrmagneton.


The orbital magnetic moment and the spin magnetic moment of an electron in an atom can be expressed in terms of atomic unit of magnetic moment called Bohr magneton.

1 Bohr magneton = 9.2 x 10-24 Am2.

PART B

1. State and prove Wiedemann – Franz law. Deduce a mathematical expression for electrical and thermal conductivities on the basis of classical free electron theory and deduce the value of Lorentznumber.
(June2014)

2. Give the mathematical expression for electrical conductivity and thermal conductivity of a conductingmaterial.
(April 2012, June2016)

3. Describe the classical free electron theory and deduce Lorentz number. Also discuss the merits and demerits of classical freeelectrontheory.
(May 2019, Nov 2019)

4. Write Fermi-Dirac distribution function. Explain how Fermi function varies withtemperature.

5. Derive an expression for the density of states and based on that, calculate the carrier concentrationinmetals.
(Dec2012)

6. Derive an expression for the effective mass of an electron or concept ofhole.

7. Describe tight binding approximation to explain the formation of energyband.

8. Briefly explain different types of magnetic materials and theirproperties,applications with examples.

9. Describe the working of magnetic hard disk based on GMR sensor with necessary diagram. (Nov2019)

10. Compare and contrast the different types of magnetic materials mention their properties and applications.(June2018)
11. Explain exchange interaction in ferromagnetism.

12. Write a note on quantum interference devices.
UNIT III - SEMICONDUCTORS AND TRANSPORT PHYSICS

PART – A

1) State the propertiesof semiconductor.





(June 2014) 

At 0 K, they behave as an insulator. They have negative temperature coefficient of resistance. The resistivity lies between 10-4 to 0.5ohm-meter.

2) What are the differences between the intrinsic and extrinsicsemiconductors?

	S.No.
	Intrinsic semiconductor
	Extrinsic semiconductor

	1.
	It is a pure form of the semiconductor.
	Semiconductors which are doped with impurities.

	2.
	Charge carriers are produced only by

thermal agitation.
	Charge carriers are produced by impurities.

	3.
	They have low electrical conductivity.
	They have high electrical conductivity.

	4.
	They have low operating temperature.
	They have high operating temperature.


3) Distinguish between Indirect and direct band gap semiconductors.
	S.NO
	Indirect band gap
	Direct band gap

	1.
	They are made of single element.Ex. Ge, Si
	They are madeofcompounds.
Ex. GaAs, GaP

	2.
	Heat is produced due to recombination.
	Photons are emitted during recombination.

	3.
	Current amplification is more.
	Current amplification is less.


4) What is Fermi level in asemiconductor?


It is the energy level situated in the band gap of the semiconductor, exactly located at the middle of the band gap in an intrinsic semiconductor.

5) How are n-type & p-type semiconductorsareproduced?
(May 2009)


When a small amount of pentavalent impurity is doped to a pure semiconductor it becomesn-type semiconductor. When a small amount of trivalent impurity is doped to a pure semiconductor it becomes p-type semiconductor.

6) What is meant by donor energylevel?


When a pentavalent impurity is doped with an intrinsic semiconductor, an energy level is produced by an electron. It is called donor energy level.

7) What is meant by acceptor energylevel?


When a trivalent or an acceptor impurity is doped with an intrinsic semiconductor accepts one electron which produces an energy level called acceptor energy level.

8) With increase of temperature, the conductivity of a semiconductor increases. Why? (May 2015)


When the temperature of the semiconductor is increased, large no. of charge carriers are produce due to the breaking of covalent bonds and hence the conductivity increases and therefore the resistivity decreases.

9) How does the carrier concentration in semiconductors vary with temperature?(May2019)


Carrier concentration increases with increasing of temperature due to thermal agitation.

10) Define Hall Effect andHallVoltage?
(June 2016) 



When a current carrying conductor is placed in a transverse magnetic field, an electric field is produced inside the conductor in a direction normal to both the current and magnetic field. This effect is known as Hall Effect. The potential difference developed is called Hallvoltage.

11) Define Hall coefficient and write the expressionforit.
(June2009)


Hall field per unit current density per unit magnetic induction is called Hall coefficient.

RH= EH/JxB
12) Mention the applications of HallEffect.


Determination of type ofsemiconductor.


Measurement of carrierconcentration


Determination of mobility of chargecarrier.

Measurement of magnetic flux density using a semiconductor sample of known Hall coefficient.
13) Given an extrinsic semiconductor, how will you find whether it is n-type or p-type? (June 2016,(June2018)


The n-type and p-type semiconductors can be distinguished by determining the Hall Coefficient using Hall Effect. If the Hall coefficient is negative, then we can say that the material is n-type. And if the Hall coefficient is positive, then we can say that the material is p-type.

14) What is meant by driftcurrent?

The flow of charge carriers, which is due to the applied voltage or electric field is called drift current.
15) What is known as diffusioncurrent?


The process by which, charge carriers (electrons or holes) in a semiconductor moves from a region of higher concentration to a region of lower concentration is called diffusion and the current produced by it is called diffusion current.

16) What is Ohmiccontact?


An Ohmic contact is a type of metal semiconductor junction. It is formed by a contact of a metal with a heavily dopedsemiconductor. When the semiconductor has a higher work function than that of metals, then the junction formed is called the Ohmic junction.
17) What are the uses of Ohmiccontact?


The use of Ohmic contacts is to connect one semiconductor device to another, an IC or to connect an IC to its externalterminals.

18) What is a schottky diode?


Schottky diode is formed between a metal and n-type semiconductor. When the metal has a higher work function than that of n- type semiconductor then the junction formed is called schottky diode.

19) What are the applications of schottkydiode?

Used in

· Radio Frequency (RF)applications.

· Powerapplications.

· Switching devices at frequencies of 20GHz.

20) Write the differences between Schottky diode and p-ndiode.

	S.N

o
	Schottky diode
	p-n diode

	1.
	Forward
current
due
to
thermionic

emission (majority carrier transport)
	Forward
current
due
to
diffusion
currents

(majority carrier transport)

	2.
	Cut in voltage is small about 0.3 V
	Cut in voltage is large about 0.7 V

	3.
	Less temperature dependent
	Strong temperature dependent


PART – B

1. Derive an expression for density of electrons in conduction band of an intrinsicsemiconductor.

2. Derive an expression for density of holes in valence band of an intrinsicsemiconductor.

3. (i) Derive an expression for the carrier concentration in an intrinsic semiconductor. 
(ii) Discuss the variation of Fermi level with temperature in an intrinsic semiconductor. 
(Jan 2016)
4. Derive an expression for a density of electrons in conduction band of a n-typesemiconductor.

5. Derive an expression for a density of holes in the valence band of p-type semiconductor. 
(Jan 2016)

6. Discuss the variation of carrier concentration with temperature in n-typesemiconductor.

7. What is Hall Effect? Derive an expression of Hall co-efficient. Describe an experiment to find Hall coefficient andHallVoltage.                                                                                  

(May 2015)

8. (i) Explain the structure and working of a SchottkyDiode.

(ii) Write a note on Ohmiccontact.

9. Derive an expression for the carrier concentration in N-type and P-typesemiconductors.

10. Explain with a sketch the variation of Fermi level with temperature and concentration impurities in P and N type semiconductors.






11. Discuss the direct and indirect band gap semiconductors.


(May2019)

12. Describe the Hall Effect. Mention itssignificances.

UNIT IV- OPTICAL PROPERTIES OF MATERIALS
PART-A

1) What are optical materials? Give itstypes.

The optical property of any given material is defined as its interaction with electromagnetic radiation in the visible region.


Transparent material: They transmit more light. 


Translucent material: Transmit light partially. 
Opaquematerial: They will not transmitlight.
2) What is an optoelectronicdevice?

The device in which the photons interact with the electron is called an optoelectronic device.

3) What do you mean by carrier generationand recombinationprocess?

Generation, under influence of light absorption for example, promotes electrons from the valence band to the conduction band, resulting in a new free electron in the conduction band, and a new hole in the valence band.Recombination is essentially the reverse process, in which an electron returns to the valence band, giving up it electronic potential energy to a photon, or a third carrier, or to phonons.

4) What are the types ofscattering?

Rayleigh scattering: As photon strikes the electron, the photon gets deflected without any change in its energy.

TyndallEffect: When light is passed through colloids, the individual suspension particles scatter the light making them to bevisible.

Compton scattering: As photon strikes a given optical material it displaces an electron from its original location thus losing some of its energy.

5) Write the principle behind photodiode?

When light is incident on the depletion region of the reversed biased P-N junction, the concentration of minority carriers increases. Therefore, reverse saturation current increases.

6) Defineluminescence?

When an atom in an excited state returns to ground state by emitting light.

7) What is meant by injectionluminescence?

When the majority carriers are injected from p to n and n to p region, they become excess minority carriers. Then there minority carriers diffuses away from the junction and recombines with the majority carriers in p and n regions and emits light..

8) What is a solarcell?

It is a P-N junction diode which converts solar energy to electrical energy.

9) Explain the working principle of a Solarcell.

Conversion of light energy in electrical energy is based on a phenomenon called photovoltaic

HYPERLINK "https://www.electrical4u.com/what-is-photovoltaic-effect/" \heffect. When semiconductor materials are exposed to light, the some of the photons of light ray are absorbed by the semiconductor crystal which causes significant number of free electrons in the crystal. This is the basic reason of producing electricity due to photovoltaic effect.

10) How is the photocurrent generated in photo diodes?

When a photon of ample energy strikes the diode, it makes a couple of an electron-hole. This mechanism is also called as the inner photoelectric effect. If the absorption arises in the depletion region junction, then the carriers are removed from the junction by the inbuilt electric field of the depletion region. Therefore, holes in the region move toward the anode, and electrons move toward the cathode, and a photocurrent will be generated.

11) What is the basic principle behindLED?

The injection of electron into the P region from N region makes a direct transition from the conduction band to valance band then the electrons recombine with the holes and emit photons of energy Eg, where hereEg=hν.
12) What is Organic Light Emitting Diodes orOLED?

OLEDs are solid state devices made upof thin films of organic molecules that produce light with the application of electricity.
13) Compare LED withOLED.

	S.No
	LED
	OLED

	1.
	Emits light while conducting
	Self-illuminating since organic materials are

used

	2.
	Small viewing angle
	Wide viewing angle

	3.
	Less efficient
	More efficient

	4.
	Broad and heavy
	Light and thin

	5.
	Less expensive
	More expensive


14) What are laserdiodes?

A laser diode, also known as an injection laser or diode laser, is a semiconductor device that produces coherent radiation (in which the waves are all at the same frequency and phase) in the visible or infrared (IR) spectrum when current passes through it.

15) What is meant by optical datastorage?

Optical storage devices use a laser to burn small, dark pits into the surface of a disk. The pits are dark and the places without pits remain shiny and smooth. Binary codes can be stored to dark shiny places on the storage medium. Since the information can be stored in optical meant, it is called optical data storage.

16) Distinguish between magnetic and optical storagedevices.

	S.No
	Magnetic storage devices
	Optical storage devices

	1.
	Data
are
stored
using
magnetic

principle
	Data are stored using optical principle

	2.
	Access time is slow
	Very fast

	3.
	Ex: Floppy disk
	Ex: CD’s


17) Why the shape of LED is madehemispherical?

In planar LED’s the emitted light strikes the material interface at an angle greater than the critical angle and the reflection loss will be very high. Therefore, to minimize the reflection loss, hemispherical dome shaped LED is made, in which the angle at which the emitted light strikes the interface can be made less than the critical angle.

18) Why organic LED is called so? (May 2019)

OLED is light emitting device in which emissive electroluminescent layer is a film of organic compound. So it is called as OLED.

19) Discuss the absorption emission and scattering of light in metals. (Nov2019) 



Absorption: Absorption of light takes place when matter captures electromagnetic radiation, converting the energy of photons to internal energy. Energyis transferred from the radiation to the absorbing species. The amount of energy carried by a light photon depends on its wavelength. 

Emission: Emission is a process in which a higher energy quantum mechanical state of particle is converted into lower energy state with the help of emission of a photon.

Scattering: It is the process by which the intensity of the wave attenuates as it travels through a medium.

20) How laser is different from LED? 





(Nov2019)

	S.No
	LED
	LASER

	1.
	Electro-luminance
	Stimulated emission

	2.
	Slow response
	Fast response

	3.
	Incoherent
and
consists
of
various colours
	Coherent and Monochromatic

	4.
	Low cost and thus economical
	High cost and thus used in the specific
application


PART B
1. What are the types of optical materials? Further explain the phenomenon of absorption,emission and scattering in metals and semiconductors. 
2. Explain the principle, construction and working of aphotodiode.

3. Explain the principle and working of a quantum dotlaser.

4. Explain the working of LED. What are the types of LED? Explain theadvantages.

5. (i) Explain the construction and working of LASER Diode. (ii)Compare photodiode with laserdiode.

6. (i) Describe the principle, construction working of solar cell. (ii)Give the advantages, disadvantages and application of solar

7. (i) What is meant by optical datastorage?

(ii) List out the different types of optical storage techniques and describe any one indetail.

8. (i) What is meant byCD?

(ii) Explain how data can be recorded in and read out from aCD/DVD.

9. Explain the theory and working of LED. What are the advantages of using LED in electronic display?
10. What is solar cell? Discuss in detail the construction working of solar cell. Mention the applications of solar cell.Illustrate the working and IV characteristics of (May2019)

11. What is photo current? How photo current is generated in a P-N junction diode? (Nov2019)

12. Discuss the carrier generation and recombination process in semiconductor device with neat diagram. (Nov2019)

UNIT 5 - NANODEVICES

PART A

1) Define density ofstates.

According to Fermi-Dirac statics there exist allowed energy levels where each energy level and its associated wave function are defined as a state. Density of states is defined as the number of states in a conductor per unit energy.

2) Define Fermienergy?

It is defined as the highest energy level occupied by the electron at 0K in a metal.

3) What is the assumption that necessary for evaluating the density ofstates?

According to Pauli’s exclusion principle maximum of two electrons can occupy in each energy states one with spin up and the other with spin down.

4) Define the term Quantum confinement.




(May, Dec2019)

If the volume of the solid is reduced to an extent such that the energy levels inside become discrete, then the process is called quantum confinement.

5) What is quantumstructure?

When a bulk material is reduced in its size, at least one of its dimensions in the order of few nanometers, then the structure is known as quantum structures.
6) What is size quantizationeffect?

In metals and semiconductor nano particles the band structure gradually evolved with increasing particle size as molecular orbitals get converted to delocalized band states. This is called size quantization effect.

7) Define the terms quantum well, quantum wire and quantumdot.

Quantum well: The minimal width within which the electrons are confined and possessing two degrees of freedom.

Quantum wire: Further constrained from the depth of quantum well by possessing one degree of freedom of electrons is termed as quantum wire.

Quantum dot:When all the three dimensions are minimized quantum dot is created.

8) What is a single electronphenomenon?

Generally transistors require 10,000 electrons. Rather than moving many electrons through transistors, it may very well be practical and necessary to move electrons one at a time. The phenomenon is known as single electron phenomena.

9) What is Single Electron Transistor (SET)? How does it work? (Nov2019)

Single electron transistor (SET) is similar to conventional field–effect transistor. It is a three terminal switching device, which can transfer electrons from source to drain one by one.

10) Define Coulomb-Blockadeeffect.

The charging effect which blocks the injection or rejection of a single charge into or from a quantum dot is called Coulomb-Blockade effect.

11) How does the band gap of a semiconductor change with particlesize?

The spacing of the electronic levels and the band gap increases with decreasing particle size. This is because electron-hole pairs are how much closer together and the Columbic interaction between them no longer be neglected giving an internal increasing kineticenergy.

12) What is the principle of quantum dotlaser?

Any energy pumped into the system leads to excitation of carriers between levels and not random motion. This leads to greater efficiency of the laser. A frequently used arrangement consists of layers of vertically stacked quantum dots placed between confined hetero structures to achieve opticalconfinement.

13) List the advantages of quantum dotlaser.

Emit light at wavelengths that correspond to energy levels of the dots. 
Maximized material and differential gain. Small active volume,

High frequency operation.

Dot size can be changed to broaden range of light emission.

14) What are metallic nano wires?

Metallic nano wires are made up of metals, which possess thickness or diameter in the range from 1-100 nm. It is a typical example of two dimensional nanoparticles.

15) What areCNTs?

Carbon Nano Tubes (CNTs) are molecular-scale tubes of graphitic carbon having outstanding properties. They are among the stiffest and strongest fibers known, and have remarkable electronic properties.

16) Write some electrical properties ofCNTs.

CNTs can be either metallic or semiconducting, depending upon the chirality.

For example, the armchair form is metallic, whereas the zigzag form is found to be semiconducting.

The energy gap of semiconducting CNTs inversely proportional to the diameter of the tube. The energy band gap can also be affected by localized defects.

17) Mention the types of carbon nano tubestructure.

Three types of nanotube structures are considered by rolling the graphite sheet with different orientations about the axis. They are,

Armchair structure 
Zig-Zag structure
Chiral structure

18) How carbon nanotubes areclassified?

Based on the number of layers, the carbon nanotubes are classified as Single-walled(SWNTs)

Multi-walled(MWNTs)

In multi-walled nanotubes, more than one CNTs are coaxially arranged.

19) What do you understand by quantum confinement?


(June2018)

Quantum confinement can be observed once the diameter of a material is of the same magnitude as the de Broglie wavelength of the electron wave function. When materials are this small, their electronic and optical properties deviate substantially from those of bulk materials.

20) List the various low dimensional systems.




(May2019)

Low dimensional materials – Quantum well, Quantum wire and Quantum dot (or) 0-D, 1-D and 2-D materials.
PART B

1. Derive the expression for the density of states for different quantumconfinements.

2. Explain quantum well, quantum wire and quantumdot.

3. Explain the single electron phenomenon and working of single electron transistor.
(May2019)

4. What are CNTs? Describe the properties and applications of carbon nano tubes.
(Nov2019)

5. Explain the types and methods of preparation of carbon nanotubes.

6. Explain construction and working of quantum dot laser.



(May2019)

7. Derive an expression for about quantum conductance and quantumresistance.

8. Write short notes on quantumtunneling.
9. Write a short note on band gap of nanomaterials.

10. Draw energy band diagram for the p-n junction diode. Discuss in detail the operation and applications of single electron transistor.
11. How nano materials are different from bulk materials? Discuss the basic properties of nano materials?
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