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	UNIT I 
INTRODUCTION TO NANO ELECTRONICS

	Overview of nanoscience and engineering-Development milestones in microfabrication and electronic industry -Moore's law and continued miniaturization origin of quantum mechanics - General postulates of quantum mechanics – Time independent Schrodinger wave equation- Electron confinement - Quantum dots,
wires and well-Spin and angular momentum.

	PART – A

	Q.No
	Questions
	CO
	BT Level
	Competence

	1.
	Define nanoscience and nanotechnology.
	CO1
	BTL 1
	Remembering

	2.
	What is meant by nanoelectronics?
	CO1
	BTL 1
	Remembering

	3.
	State Moore’s law.
	CO1
	BTL 1
	Remembering

	4.
	Why is continued miniaturization important in electronics?
	CO1
	BTL 2
	Understanding

	5.
	Mention any two milestones in the development of microfabrication.
	CO1
	BTL 1
	Remembering

	6.
	What is the significance of nanoscience in modern devices?
	CO1
	BTL 2
	Understanding

	7.
	Define quantum mechanics.
	CO1
	BTL 1
	Remembering

	8.
	What is the origin of quantum mechanics?
	CO1
	BTL 2
	Understanding

	9.
	State the general postulates of quantum mechanics.
	CO1
	BTL 1
	Remembering

	10.
	What is meant by wave-particle duality?
	CO1
	BTL 2
	Understanding

	11.
	What is the purpose of the Schrödinger wave equation?
	CO1
	BTL 1
	Remembering

	12.
	Define time-independent Schrödinger equation.
	CO1
	BTL 1
	Remembering

	13.
	What is electron confinement?
	CO1
	BTL 1
	Remembering

	14.
	Define quantum confinement.
	CO1
	BTL 1
	Remembering

	15.
	What is a quantum well?
	CO1
	BTL 1
	Remembering

	16.
	What is a quantum wire?
	CO1
	BTL 1
	Remembering

	17.
	Define a quantum dot.
	CO1
	BTL 1
	Remembering

	18.
	Why are nanostructures different from bulk materials?
	CO1
	BTL 2
	Understanding

	19.
	What is meant by discrete energy levels?
	CO1
	BTL 2
	Understanding

	20.
	Define spin of an electron.
	CO1
	BTL 1
	Remembering

	21
	What is angular momentum in quantum systems?
	CO1
	BTL 1
	Remembering

	22
	Mention one application of quantum dots.
	CO1
	BTL 1
	Remembering

	23
	Mention one application of quantum wells.
	CO1
	BTL 1
	Remembering

	24
	What is the role of confinement in nanoscale devices?
	CO1
	BTL 2
	Understanding

	
PART- B

	1.
	Explain the overview of nanoscience and engineering.
	(16)
	CO1
	BTL 3
	Applying

	2.
	Describe the development milestones in microfabrication and electronic industry.
	(16)
	CO1
	BTL 3
	Applying

	3.
	Discuss Moore’s law and explain the need for continued miniaturization.
	(16)
	CO1
	BTL 4
	Analyzing

	4.
	Explain the origin of quantum mechanics and its relevance to nanoelectronics.
	(16)
	CO1
	BTL 3
	Applying

	5.
	State and explain the general postulates of quantum mechanics.
	(16)

	CO1
	BTL 4
	Analyzing

	6.
	Derive the time-independent Schrödinger wave equation.
	(16)

	CO1
	BTL 4
	Analyzing

	7.
	Explain electron confinement and its effect on electronic properties.
	(16)
	CO1
	BTL 3
	Applying

	8.
	Discuss quantum wells, quantum wires, and quantum dots with neat diagrams.
	(16)

	CO1
	BTL 4
	Analyzing

	9.
	Explain the concept of quantum confinement with suitable examples.
	(16)

	CO1
	BTL 3
	Applying

	10.
	Analyze the differences between bulk materials and nanostructures.
	(16)

	CO1
	BTL 4
	Analyzing

	11.
	Explain the physical meaning of wave function in nanoelectronics.
	(16)

	CO1
	BTL 3
	Applying

	12.
	Discuss discrete energy levels in confined systems.
	(16)
	CO1
	BTL 4
	Analyzing

	13.
	Explain the role of quantum theory in nanoscale device design.
	(16)
	CO1
	BTL 4
	Analyzing

	14.
	Compare quantum well, quantum wire, and quantum dot structures.
	(16)

	CO1
	BTL 4
	Analyzing

	15.
	Explain spin and angular momentum in nanoelectronic systems.
	(16)
	CO1
	BTL 3
	Applying

	16.
	Analyze the importance of electron confinement in nanodevices.
	(16)

	CO1
	BTL 4
	Analyzing

	17.
	Discuss the transition from classical to quantum behavior in nanoscale systems.
	(16)
	CO1
	BTL 4
	Analyzing





	UNIT II	
QUANTUM ELECTRONICS

	Quantum electronic devices - Short channel MOS transistor - Split gate transistor - Electron wave transistor - Electron spin transistor - Quantum cellular automata - Quantum dot array- Quantum memory.

	PART – A

	Q.No
	Questions
	CO
	BT Level
	Competence

	1.
	Define quantum electronic devices.
	CO2
	BTL1
	Remembering

	2.
	What is meant by quantum confinement?
	CO2
	BTL1
	Remembering

	3.
	Define short-channel effect in MOS transistors.
	CO2
	BTL1
	Remembering

	4.
	What is threshold voltage roll-off?
	CO2
	BTL1
	Remembering

	5.
	Define drain-induced barrier lowering (DIBL).
	CO2
	BTL1
	Remembering

	6.
	What is velocity saturation in a short-channel MOS transistor?
	CO2
	BTL1
	Remembering

	7.
	Define split-gate transistor.
	CO2
	BTL1
	Remembering

	8.
	What is the function of a split gate?
	CO2
	BTL2
	Understanding

	9.
	Define electron wave transistor.
	CO2
	BTL1
	Remembering

	10.
	What is meant by wave nature of electrons in devices?
	CO2
	BTL2
	Understanding

	11.
	Define electron spin transistor.
	CO2
	BTL1
	Remembering

	12.
	What is spin polarization?
	CO2
	BTL2
	Understanding

	13.
	Define quantum cellular automata.
	CO2
	BTL1
	Remembering

	14.
	What is a quantum cell in QCA?
	CO2
	BTL1
	Remembering

	15.
	Define quantum dot.
	CO2
	BTL1
	Remembering

	16.
	What is a quantum dot array?
	CO2
	BTL1
	Remembering

	17.
	Define quantum memory.
	CO2
	BTL1
	Remembering

	18.
	What is tunneling in quantum devices?
	CO2
	BTL1
	Remembering

	19.
	State one advantage of quantum devices over classical devices.
	CO2
	BTL2
	Understanding

	20.
	State one limitation of short-channel MOS transistors.
	CO2
	BTL2
	Understanding

	21
	What is meant by ballistic transport?
	CO2
	BTL1
	Remembering

	22
	Why is nanoscale scaling important in quantum electronics?
	CO2
	BTL2
	Understanding

	23
	Mention one application of QCA.
	CO2
	BTL2
	Understanding

	24
	Mention one application of quantum dot arrays.
	CO2
	BTL2
	Understanding

	
PART- B

	1.
	Explain the working of a short-channel MOS transistor and illustrate the short-channel effects.
	(16)
	CO2
	BTL 3
	Applying

	2.
	Analyze the impact of short-channel effects on MOS device performance.
	(16)
	CO2
	BTL 4
	Analyzing

	3.
	Describe the operation of a split-gate transistor with a neat diagram.
	(16)

	CO2
	BTL 3
	Applying

	4.
	Compare split-gate transistor and conventional MOS transistor.
	(16)
	CO2
	BTL 4
	Analyzing

	5.
	Explain the principle of an electron wave transistor.
	(16)
	CO2
	BTL 3
	Applying

	6.
	Analyze the role of electron wave interference in device operation.
	(16)
	CO2
	BTL 4
	Analyzing

	7.
	Describe the working of an electron spin transistor.
	(16)
	CO2
	BTL 3
	Applying

	8.
	Compare electron wave transistor and electron spin transistor.
	(16)
	CO2
	BTL 4
	Analyzing

	9.
	Explain quantum cellular automata and its basic cell structure.
	(16)
	CO2
	BTL 3
	Applying

	10.
	Analyze the advantages and limitations of QCA over CMOS technology.
	(16)

	CO2
	BTL 4
	Analyzing

	11.
	Describe the operation of a quantum dot array device.
	(16)
	CO2
	BTL 3
	Applying

	12.
	Compare quantum dot array and quantum cellular automata.
	(16)
	CO2
	BTL 4
	Analyzing

	13.
	Explain the concept and working of quantum memory.
	(16)
	CO2
	BTL 3
	Applying

	14.
	Analyze the factors affecting quantum memory performance.
	(16)
	CO2
	BTL 4
	Analyzing

	15.
	Discuss the applications of quantum electronic devices in nanoelectronics.
	(16)
	CO2
	BTL 3
	Applying

	16.
	Discuss the future prospects of quantum electronic devices in nanoelectronics.
	(16)
	CO2
	BTL 4
	Analyzing

	17.
	Compare classical MOS transistors and short-channel MOS transistors.
	(16)
	CO2
	BTL 4
	Analyzing




	UNIT III 
NANO ELECTRONIC TRANSISTORS

	Coulomb blockade - Coulomb blockade in Nano capacitors - Coulomb blockade in tunnel junctions - Single electron transistors, Semiconductor nanowire FETs and SETs, Molecular SETs and molecular electronics - Memory cell.

	PART - A

	Q.No
	Questions
	CO
	BT Level
	Competence

	1.
	Define Coulomb blockade and state why it becomes important in nanoscale devices.
	CO3
	BTL1
	Remembering

	2.
	Explain the meaning of charging energy in a nano capacitor.
	CO3
	BTL1
	Remembering

	3.
	Define a nano capacitor and mention one unique feature of it.
	CO3
	BTL1
	Remembering

	4.
	State the condition required for Coulomb blockade to occur in a nano capacitor.
	CO3
	BTL2
	Understanding

	5.
	Define a tunnel junction and mention its basic operating principle.
	CO3
	BTL1
	Remembering

	6.
	What is tunnel resistance, and why is it significant in nanoscale transport?
	CO3
	BTL1
	Remembering

	7.
	Mention one practical application of Coulomb blockade in nanoelectronics.
	CO3
	BTL2
	Understanding

	8.
	Define a single electron transistor and state its main operating idea.
	CO3
	BTL1
	Remembering

	9.
	Explain the role of the gate in controlling current in a single electron transistor.
	CO3
	BTL2
	Understanding

	10.
	Define Coulomb oscillation in a single electron transistor.
	CO3
	BTL1
	Remembering

	11.
	What is a semiconductor nanowire FET? Give one identifying feature.
	CO3
	BTL1
	Remembering

	12.
	State one advantage of using semiconductor nanowire FETs in nanoelectronics.
	CO3
	BTL2
	Understanding

	13.
	Define molecular electronics and mention why it is important.
	CO3
	BTL1
	Remembering

	14.
	What is a molecular single electron transistor?
	CO3
	BTL1
	Remembering

	15.
	Mention one application area of molecular electronics.
	CO3
	BTL2
	Understanding

	16.
	Define a memory cell in nano electronic systems.
	CO3
	BTL1
	Remembering

	17.
	What is meant by nonvolatile memory?
	CO3
	BTL1
	Remembering

	18.
	Define electron tunneling and state its relevance to nano devices.
	CO3
	BTL1
	Remembering

	19.
	Explain why capacitance has a major role in Coulomb blockade.
	CO3
	BTL2
	Understanding

	20.
	State the threshold voltage effect observed in single electron transistors.
	CO3
	BTL2
	Understanding

	21
	Mention one limitation of single electron transistors.
	CO3
	BTL2
	Understanding

	22
	Why are nanowires considered useful for future transistor scaling?
	CO3
	BTL2
	Understanding

	23
	State one difference between a conventional FET and a single electron transistor.
	CO3
	BTL2
	Understanding

	24
	Mention one use of memory cells in nano electronic circuits.
	CO3
	BTL2
	Understanding

	PART- B

	1.
	Explain Coulomb blockade with reference to energy conditions.
	(16)
	CO3
	BTL3
	Applying

	2.
	Analyze Coulomb blockade in nano capacitors.
	(16)
	CO3
	BTL4
	Analyzing

	3.
	Explain Coulomb blockade in tunnel junctions with a neat diagram.
	(16)
	CO3
	BTL3
	Applying

	4.
	Analyze the role of tunnel resistance and capacitance in tunnel junction behavior.
	(16)
	CO3
	BTL4
	Analyzing

	5.
	Explain the working principle of a single electron transistor.
	(16)
	CO3
	BTL3
	Applying

	6.
	Compare single electron transistors with conventional MOS transistors.
	(16)

	CO3
	BTL4
	Analyzing

	7.
	Explain the operation of semiconductor nanowire FETs.
	(16)
	CO3
	BTL3
	Applying

	8.
	Analyze the advantages and limitations of semiconductor nanowire FETs.
	(16)
	CO3
	BTL4
	Analyzing

	9.
	Explain the structure and working of molecular SETs.
	(16)
	CO3
	BTL3
	Applying

	10.
	Compare molecular SETs and conventional SETs.
	(16)
	CO3
	BTL4
	Analyzing

	11.
	Explain the basics of molecular electronics.
	(16)
	CO3
	BTL3
	Applying

	12.
	Analyze the role of molecular electronics in future nano devices.
	(16)
	CO3
	BTL4
	Analyzing

	13.
	Explain the working of a memory cell in nano electronic devices.
	(16)
	CO3
	BTL3
	Applying

	14.
	Analyze the performance factors of nano electronic memory cells.
	(16)

	CO3
	BTL4
	Analyzing

	15.
	Discuss the applications of Coulomb blockade in nano electronic devices.
	(16)
	CO3
	BTL3
	Applying

	16.
	Discuss the future prospects of SETs and molecular electronics.
	(16)
	CO3
	BTL4
	Analyzing

	17.
	Explain the differences between FET-based and SET-based nano electronic devices.
	(16)

	CO3
	BTL4
	Analyzing



	UNIT IV 
NANO ELECTRONIC TUNNELING AND SUPER CONDUCTING DEVICES

	Tunnel effect -Tunneling element -Tunneling diode - Resonant tunneling diode - Three terminal resonant tunneling devices- Superconducting switching devices- Cryotron- Josephson tunneling devices.

	PART – A

	Q.No
	Questions
	CO
	BT Level
	Competence

	1.
	Define the tunnel effect and state why it is important in nanoelectronic devices.
	CO4
	BTL1
	Remembering

	2.
	What is a tunneling element in nanoelectronics?
	CO4
	BTL1
	Remembering

	3.
	Define a tunneling diode and mention its basic working principle.
	CO4
	BTL1
	Remembering

	4.
	What is negative resistance in a tunneling diode?
	CO4
	BTL1
	Remembering

	5.
	State one application of a tunneling diode.
	CO4
	BTL2
	Understanding

	6.
	Define resonant tunneling diode.
	CO4
	BTL1
	Remembering

	7.
	What is resonance in a resonant tunneling device?
	CO4
	BTL1
	Remembering

	8.
	State one advantage of resonant tunneling diodes.
	CO4
	BTL2
	Understanding

	9.
	Define a three-terminal resonant tunneling device.
	CO4
	BTL1
	Remembering

	10.
	What is the role of the gate in a three-terminal resonant tunneling device?
	CO4
	BTL2
	Understanding

	11.
	Define superconductivity.
	CO4
	BTL1
	Remembering

	12.
	What is meant by zero resistance in superconductors?
	CO4
	BTL1
	Remembering

	13.
	Define superconducting switching devices.
	CO4
	BTL1
	Remembering

	14.
	State one application of superconducting switching devices.
	CO4
	BTL2
	Understanding

	15.
	Define cryotron.
	CO4
	BTL1
	Remembering

	16.
	What is the operating principle of a cryotron?
	CO4
	BTL1
	Remembering

	17.
	Define Josephson tunneling device.
	CO4
	BTL1
	Remembering

	18.
	What is Josephson effect?
	CO4
	BTL1
	Remembering

	19.
	State one use of Josephson devices.
	CO4
	BTL2
	Understanding

	20.
	Mention one difference between tunneling diode and resonant tunneling diode.
	CO4
	BTL2
	Understanding

	21
	Why are superconducting devices useful in fast switching circuits?
	CO4
	BTL2
	Understanding

	22
	State one limitation of superconducting switching devices.
	CO4
	BTL2
	Understanding

	23
	Mention one advantage of Josephson devices.
	CO4
	BTL2
	Understanding

	24
	Why is tunneling important in nanoelectronic transport?
	CO4
	BTL2
	Understanding

	PART- B

	1.
	Explain the tunnel effect with suitable diagram and discuss its significance in nanoelectronics.
	(16)
	CO4
	BTL3
	Applying

	2.
	Analyze the working of a tunneling diode and explain its I-V characteristics.
	(16)
	CO4
	BTL4
	Analyzing

	3.
	Explain the construction and operation of a resonant tunneling diode.
	(16)
	CO4
	BTL3
	Applying

	4.
	Compare a tunneling diode and a resonant tunneling diode.
	(16)
	CO4
	BTL4
	Analyzing

	5.
	Explain three-terminal resonant tunneling devices with neat diagram.
	(16)
	CO4
	BTL3
	Applying

	6.
	Analyze the performance of three-terminal resonant tunneling devices in high-speed applications.
	(16)
	CO4
	BTL4
	Analyzing

	7.
	Explain the principle of superconductivity and superconducting switching devices.
	(16)
	CO4
	BTL3
	Applying

	8.
	Analyze the characteristics of superconducting switching devices.
	(16)
	CO4
	BTL4
	Analyzing

	9.
	Explain the construction and working of a cryotron.
	(16)
	CO4
	BTL3
	Applying

	10.
	Compare cryotron and tunneling diode in device operation.
	(16)
	CO4
	BTL4
	Analyzing

	11.
	Explain Josephson tunneling devices and their working principle.
	(16)
	CO4
	BTL3
	Applying

	12.
	Analyze the applications of Josephson devices in superconducting circuits.
	(16)

	CO4
	BTL4
	Analyzing

	13.
	Discuss the role of tunneling in nano electronic device operation.
	(16)
	CO4
	BTL3
	Applying

	14.
	Analyze the advantages and limitations of superconducting devices.
	(16)
	CO4
	BTL4
	Analyzing

	15.
	Discuss the applications of resonant tunneling devices in nanoelectronics.
	(16)
	CO4
	BTL3
	Applying

	16.
	Analyze the future scope of Josephson tunneling devices.
	(16)
	CO4
	BTL4
	Analyzing

	17.
	Compare superconducting switching devices and Josephson devices.
	(16)
	CO4
	BTL4
	Analyzing

	




	UNIT V
 NANOTUBES AND NANOSTRUCTURE DEVICE

	Carbon Nanotube: Fullerenes - types of nanotubes – formation of nanotubes – assemblies – purification of carbon nanotubes – electronic properties – synthesis of carbon nanotubes – carbon nanotube interconnects – carbon nanotube FETs – Nanotube for memory applications.

	PART - A

	Q.No
	Questions
	CO
	BT Level
	Competence

	1.
	Define a carbon nanotube and state why it is important in nanotechnology.
	CO5
	BTL1
	Remembering

	2.
	What are fullerenes?
	CO5
	BTL1
	Remembering

	3.
	Define single-walled carbon nanotube.
	CO5
	BTL1
	Remembering

	4.
	Define multi-walled carbon nanotube.
	CO5
	BTL1
	Remembering

	5.
	State one difference between single-walled and multi-walled nanotubes.
	CO5
	BTL2
	Understanding

	6.
	What is meant by formation of nanotubes?
	CO5
	BTL1
	Remembering

	7.
	Define nanotube assembly.
	CO5
	BTL1
	Remembering

	8.
	State one method used for purification of carbon nanotubes.
	CO5
	BTL2
	Understanding

	9.
	Why is purification necessary in carbon nanotube preparation?
	CO5
	BTL2
	Understanding

	10.
	Define the electronic properties of carbon nanotubes.
	CO5
	BTL1
	Remembering

	11.
	What is meant by metallic nanotube?
	CO5
	BTL1
	Remembering

	12.
	What is meant by semiconducting nanotube?
	CO5
	BTL1
	Remembering

	13.
	Define synthesis of carbon nanotubes.
	CO5
	BTL1
	Remembering

	14.
	Mention one synthesis technique for carbon nanotubes.
	CO5
	BTL2
	Understanding

	15.
	What is a carbon nanotube interconnect?
	CO5
	BTL1
	Remembering

	16.
	State one advantage of CNT interconnects.
	CO5
	BTL2
	Understanding

	17.
	Define carbon nanotube FET.
	CO5
	BTL1
	Remembering

	18.
	What is the role of nanotubes in memory applications?
	CO5
	BTL2
	Understanding

	19.
	State one application of carbon nanotubes in electronics.
	CO5
	BTL2
	Understanding

	20.
	Mention one physical property of nanotubes.
	CO5
	BTL1
	Remembering

	21
	Why are carbon nanotubes suitable for nanoscale devices?
	CO5
	BTL2
	Understanding

	22
	What is meant by chirality in nanotubes?
	CO5
	BTL1
	Remembering

	23
	State one limitation of nanotube fabrication.
	CO5
	BTL2
	Understanding

	24
	Mention one use of nanotubes in nanoelectronic systems.
	CO5
	BTL2
	Understanding

	
PART- B

	1.
	Explain the structure and properties of fullerenes and carbon nanotubes.
	(16)
	CO5
	BTL3
	Applying

	2.
	Analyze the different types of nanotubes and their characteristics.
	(16)
	CO5
	BTL4
	Analyzing

	3.
	Explain the formation of carbon nanotubes with a neat diagram.
	(16)
	CO5
	BTL3
	Applying

	4.
	Analyze the methods used for assembling carbon nanotubes.
	(16)
	CO5
	BTL4
	Analyzing

	5.
	Explain the purification methods of carbon nanotubes.
	(16)
	CO5
	BTL3
	Applying

	6.
	Analyze the need for purification in CNT production.
	(16)
	CO5
	BTL4
	Analyzing

	7.
	Explain the electronic properties of carbon nanotubes.
	(16)
	CO5
	BTL3
	Applying

	8.
	Compare metallic and semiconducting nanotubes.
	(16)
	CO5
	BTL4
	Analyzing

	9.
	Explain the synthesis methods of carbon nanotubes.
	(16)
	CO5
	BTL3
	Applying

	10.
	Analyze the factors affecting CNT synthesis quality.
	(16)
	CO5
	BTL4
	Analyzing

	11.
	Explain carbon nanotube interconnects and their advantages.
	(16)
	CO5
	BTL3
	Applying

	12.
	Analyze the challenges in CNT interconnect implementation.
	(16)
	CO5
	BTL4
	Analyzing

	13.
	Explain the working of carbon nanotube FETs.
	(16)
	CO5
	BTL3
	Applying

	14.
	Analyze the performance of CNT FETs compared with conventional MOSFETs.
	(16)

	CO5
	BTL4
	Analyzing

	15.
	Discuss carbon nanotubes for memory applications.
	(16)
	CO5
	BTL3
	Applying

	16.
	Analyze the future scope of nanotubes in nanoelectronics.
	(16)
	CO5
	BTL4
	Analyzing

	17.
	Compare carbon nanotube interconnects and carbon nanotube FETs.
	(16)
	CO5
	BTL4
	Analyzing
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