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VISION OF THE INSTITUTION

To mould true citizens who are millennium leaders and catalysts of change through excellence in
education.

MISSION OF THE INSTITUTION

NCERC is committed to transform itself into a center of excellence in Learning and Research in
Engineering and Frontier Technology and to impart quality education to mould technically competent
citizens with moral integrity, social commitment and ethical values.

We intend to facilitate our students to assimilate the latest technological know-how and to imbibe
discipline, culture and spiritually, and to mould them in to technological giants, dedicated research
scientists and intellectual leaders of the country who can spread the beams of light and happiness among
the poor and the underprivileged.
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ABOUT DEPARTMENT
4 Established in: 2002

¢ Course offered : B.Tech in Electronics and Communication Engineering

M.Tech in VLSI

¢ Approved by AICTE New Delhi and Accredited by NAAC

€ Affiliated to the University of Dr. AP J Abdul Kalam Technological University.

DEPARTMENT VISION

Providing Universal Communicative Electronics Engineers with corporate and social relevance towards
sustainable developments through quality education.

DEPARTMENT MISSION
1) Imparting Quality education by providing excellent teaching, learning environment.

2) Transforming and adopting students in this knowledgeable era, where the electronic gadgets
(things) are getting obsolete in short span.

3) To initiate multi-disciplinary activities to students at earliest and apply in their respective fields
of interest later.

4) Promoting leading edge Research & Development through collaboration with academia &
industry.

PROGRAMME EDUCATIONAL OBJECTIVES

PEOI. To prepare students to excel in postgraduate programmes or to succeed in industry / technical
profession through global, rigorous education and prepare the students to practice and innovate recent
fields in the specified program/ industry environment.

PEO2. To provide students with a solid foundation in mathematical, Scientific and engineering
fundamentals required to solve engineering problems and to have strong practical knowledge required to
design and test the system.

PEQO3. To train students with good scientific and engineering breadth so as to comprehend, analyze,
design, and create novel products and solutions for the real life problems.

PEO4. To provide student with an academic environment aware of excellence, effective communication
skills, leadership, multidisciplinary approach, written ethical codes and the life-long learning needed for
a successful professional career.
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PROGRAM OUTCOMES (POS)
Engineering Graduates will be able to:

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering
fundamentals, and an engineering specialization to the solution of complex engineering
problems.

Problem analysis: Identify, formulate, review research literature, and analyze complex
engineering problems reaching substantiated conclusions using first principles of
mathematics, natural sciences, and engineering sciences.

Design/development of solutions: Design solutions for complex engineering problems and
design system components or processes that meet the specified needs with appropriate
consideration for the public health and safety, and the cultural, societal, and environmental
considerations.

Conduct investigations of complex problems: Use research-based knowledge and research
methods including design of experiments, analysis and interpretation of data, and synthesis of
the information to provide valid conclusions.
Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern
engineering and IT tools including prediction and modeling to complex engineering activities
with an understanding of the limitations.

. The engineer and society: Apply reasoning informed by the contextual knowledge to assess
societal, health, safety, legal and cultural issues and the consequent responsibilities relevant
to the professional engineering practice.

Environment and sustainability: Understand the impact of the professional engineering
solutions in societal and environmental contexts, and demonstrate the knowledge of, and need
for sustainable development.

Ethics: Apply ethical principles and commit to professional ethics and responsibilities and
norms of the engineering practice.

Individual and team work: Function effectively as an individual, and as a member or leader
in diverse teams, and in multidisciplinary settings.

. Communication: Communicate effectively on complex engineering activities with the
engineering community and with society at large, such as, being able to comprehend and
write effective reports and design documentation, make effective presentations, and give and
receive clear instructions.

. Project management and finance: Demonstrate knowledge and understanding of the
engineering and management principles and apply these to one’s own work, as a member and
leader in a team, to manage projects and in multidisciplinary environments.

. Life-long learning: Recognize the need for, and have the preparation and ability to engage in

independent and life-long learning in the broadest context of technological change.

PROGRAM SPECIFIC OUTCOMES (PSO)

PSOL1: Abilityto Formulate and Simulate Innovative Ideas to provide software solutions for Real-
time Problems and to investigate for its future scope.

PSO2: Abilityto learn and apply various methodologies for facilitating development of high quality
System Software Tools and Efficient Web Design Models with a focus on performance
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optimization.

PSO3: Ability to inculcate the Knowledge for developing Codes and integrating hardware/software
products in the domains of Big Data Analytics, Web Applications and Mobile Apps to create
innovative career path and for the socially relevant issues.

COURSE OUTCOMES
ECT 201

Apply Fermi-Dirac Distribution function and Compute carrier
concentration at equilibrium and the parameters associated with
generation, recombination and transport mechanism

Explain drift and diffusion currents in extrinsic semiconductors and
Compute current density due to these effects.

Define the current components and derive the current equation in a pn

junction diode and bipolar junction transistor

Explain the basic MOS physics and derive the expressions for drain
current in linear and saturation regions.

Discuss scaling of MOSFETSs and short channel effects

MAPPING OF COURSE OUTCOMES WITH PROGRAM OUTCOMES
PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9 | PO10 | PO11

PSO1 | PSO2 | PSO3
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SYLLABUS

ELECTRONICS AND COMMUNICATION ENGINEERING

SOLID STATE DEVICES | CATEGORY |L |T |P | CREDIT
PCC 3[11]0 4

Preamble: This course aims to understand the physics and working of solid state devices.

Prerequisite: EST130 Basics of Electrical and Electronics Engineering

Course Outcomes: After the completion of the course the student will be able to

CO 1 | Apply Fermi-Dirac Distribution function and Compute carrier concentration at
equilibrium and the parameters associated with generation, recombination and transport
mechanism

Explain drift and diffusion currents in extrinsic semiconductors and Compute current
density due to these effects.
Define the current components and derive the current equation in a pn junction diode and

bipolar junction transistor.

Explain the basic MOS physics and derive the expressions for drain current in linear and
saturation regions.

Discuss scaling of MOSFETs and short channel effects.
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Mapping of course outcomes with program outcomes

PO1|PO2|PO3|PO4|PO5|PO6|PO7 PO8|POY|PO |PO |PO
10 11 12
co |3 3
1
CO |3 3
2
COo |3 S -1
A .
CcO |3 3
4
CO |:3
5

Assessment Pattern

Bloom’s Category Continuous Assessment Tests | End Semester Examination
1 2

Remember 10 10 20

Understand 25 25 50

Apply 15 15 30

Analyse

Evaluate

Create
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Total CIE ESE ESE Duration
Marks
150 50 100 3 hours

—— AT ABDLJL KALAM
croimes sefioft Tethfe | CXPE )G ICAL
End Semester L;;L: 'l'hbf'n;:l?;[:\l’ B. Part A contain 10

Students should
answer all questions. : -should answer

Course Outcome 1 (CO1): Co 1pute carrier concentration at equilibrium and the parameters

1. Derive the expressia
electric field.

ponse to the applied

2. Derive the expression for

3. Show that diffusion length is

Course Outcome 3 (CO3): Define the current components and derive the current equation in
a pn junction diode and bipolar junction transistor.

1. Derive ideal diode equation.
2. Derive the expression for minority carrier distribution and terminal currents in a BJT.
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3. Solve numerical problems related to PN junction diode and BJT.

Course Outcome 4 (CO4): Explain the basic MOS physics with specific reference on
MOSFET characteristics and current derivation.

1. MMustrate the working of a MOS capacitor in the three different regions of operation.

2. Explain the working of MOSFET and derive the expression for drain current.

3. Solve numerical problems related to currents and parameters associated with MOSFETs.

Course Outcome 5 (CO5): Discuss the concepts of scaling and short channel effects of
MOSFET.

1. Explain the different MOSEET scaling techniques,
2. Explain the short channel effects associated with reduction in size of MOSFET.
SYLLABUS

MODULE 1

Elemental and compound semiconductors, Intrinsic and Extrinsic semiconductors, concept of
effective mass, Fermions-Fermi Dirac distribution, Fermi level, Doping & Energy band
diagram, Equilibrium and steady state conditions, Density of states & Effective density of
states, Equilibrium concentration of electrons and holes.

Excess carriers in semiconductors: Generation and recombination mechanisms of excess
carriers, quasi Fermi levels.

MODULE 11
Carrier transport in semiconductors, drift, conductivity and mobility, variation of maobility

with temperature and doping, Hall Effect.
Diffusion, Einstein relations, Poisson eéquations, Continuity equations, Current flow

equations, Diffusion length, Gradient of quasi Fermi level

MODULE 111

PN junctions : Contact potential, Electrical Field, Potential and Charge distribution at the
junction, Biasing and Energy band diagrams, Ideal diode equation.

Metal Semiconductor contacts, Electron affinity and work function, Ohmic and Rectifying

Contacts, current voltage characteristics.
Bipolar junction transistor, current components, Transistor action, Base width modulation.

MODULE IV

Ideal MOS capacitor, band diagrams at equilibrium, accumulation, depletion and inversion,
threshold voltage, body effect, MOSFET-structure, types, Drain current equation (derive)-
linear and saturation region, Drain characteristics, transfer characteristics.

MODULE V
MOSFET scaling — need for scaling, constant voltage scaling and constant field scaling.

ECE DEPARTMENT, NCERC PAMPADY




Sub threshold conduction in MOS.

Short channel effects- Channel length modulation, Drain Induced Barrier Lowering, Veloci
Saturation, Threshold Voltage Variations and Hot Carrier Effects.

Non-Planar MOSFETs: Fin FET —Structure, operation and advantages

vices, Pearsc

;i:“z:fzzzim W %W?fﬂ LS
gL ERSLLY

1. Neamen, Semiconductor Physics and De

2. Sze S.M., Ser 3/e. 2005
3. Pierret, Semiconductor Devices Fundamentals, Pearson, 2006
4. Sze S.M., Physics of Semiconductor Device

5. Achu Graw Hill, 2015

MOS Transistor, Oxford University
Press
7. Jan M.Rabaey, Ana

; I*C andrakasan, Borivoje N&Wntegrated Circuits - A
Nocion Porenoctive PHI. . - . B

No No. of Lectures

1

1% Elemental 2
semiconducto i

1.2 Fermions-Fe ribution, Fermi ¢ Energy band | 2
diagram, iy S W

1.3 Equilibrium and steady st: itions, Dy  states & Effective 1
density of states ' )

1.4 Equilibrium concentration of e ons and holes. 1

1.5 Excess carriers in sem:condu‘&’ﬁrs " Generation and recombination | 2
mechanisms of excess carriers, quasi Fermi levels.

1.6 TUTORIAL 2

2 MODULE 2

2.1 Carrier transport in semiconductors, drift, conductivity and mobility, | 2
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variation of mobility with temperature and doping.

&2 Diffusion equation 1
2.3 Einstein relations, Poisson equations 1
2.4 Poisson equations, Continuity equations, Current flow equations 1
25 Diffusion length, Gradient of quasi Fermi level 1
2.6 TUTORIAL 2
3 MODULE 3
3.1 PN junctions : Contact potential, Electrical Field, Potential and Charge 2
distribution at the junetion, Biasing and Energy band diagrams,
3.2 Ideal diode equation 1
3.3 Metal Semiconductor contacts, Electron affinity and work function, 3
Ohmic and Rectifying Contacts, currént voltage characteristics.
3.4 Bipolar junction transistor — working,, eurrent components, Transistor | 2
action, Base width modulation.
3.5 | Derivation of terminal currents in BJT 2
3.6 TUTORIAL 1
4 MODULE 4
4.1 Ideal MOS capacitor, band diagrams at equilibrium, accumulation, 2
depletion and inversion
4.2 Threshold voltage, body effect 1
4.3 MOSFET-structure, working, types, 2
4.4 Drain current equation (derive)- linear and saturation region, Drain 2
characteristics, transfer characteristics.
4.5 TUTORIAL 1
1
5 MODULE 5
5.1 MOSFET scaling — need for scaling, constant voltage scaling and
constant field scaling.
5.2 Sub threshold conduction in MOS,- |
53 Short channel effects- Channel length modulation, Drain Induced Barrier
Lowering, Velocity Saturation, Threshold Voltage Variations and Hot Carrier
Effects.
5.4 | Non-Planar MOSFETSs: Fin FET —Structure, operation and advantages
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QUESTION BANK

MODULEI

QUESTIONS PAGE NO:
List out Different types of semiconductors. 1

Explain effective mass 8

Explain Elemental and compound semiconductors, 9

Explain Intrinsic and Extrinsic semiconductors 16
Explain Fermions-Fermi Dirac distribution. 7

Differentiate elemental and compound semiconductors.

Explain Fermi level.

Explain Doping & Energy band diagram,

Explain Equilibrium and steady state conditions

Analyze Density of states & Effective density of states.
MODULE2

Explain Carrier transport in semiconductors.

Explain drift movement of carriers.

Write short notes onconductivity and mobility.

Explain variation of mobility with temperature and
doping
Analyze continuity equation.

Discuss current flow equation.
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MODULE III

1 Discuss PN junctions.. Co3 K2

2 Explain : Contact potential. Co3 K2

3 Discuss Electrical Field, Potential and Charge C0o3 K2
distribution at the junction

4 Discuss Biasing and Energy band diagrams of a pn C0o3 K2
junctions.

5 Analyze Ideal diode equation.. COo3 K4

6 Differentiate ohmic and rectifying contacts. C03 K4

7 Differentiate current voltage characteristics metal and o3 K4
rectifying contacts...

8 Explain BJT manufacturing. COo3 K2

9 Explain signed and unsigned instructions. CO3 K2

10 Discuss current components and Transistor action BJT . COo3 K2
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MODULE IV

1 State Ideal MOS capacitor. CO04 K3

2 Explain band diagrams of MOS at equilibrium, CO4 K2
accumulation, depletion and inversion conditon.

3 Analyze threshold voltage equation. CO4 K4

4 Explain body effect in MOSFET. CO4 K2

5 Analyze drain current equation of MOSFET. CO4 K4

6 Explain structure, types of MOSFET.. CO4 K2

7 Discuss linear and saturation region in Drain CO4 K2
characteristics.

8 lllustrate drain and transfer characteristics of MOSFET. CO4 K3

MODULE V

1 Explain MOSFET scaling . CO5 K2 85

2 Explain need for scaling. CO5 K2 86

3 Differentiate constant voltage scaling and constant field CO5 K4 88
scaling.

4 Explain Sub threshold conduction in MOS CO5 K2 90

5 Explain Short channel effects. CO5 K2 95

6 Discuss Channel length modulation. CO5

7 Explain Drain Induced Barrier Lowering. CO5 K2

8 Analyze Velocity Saturation, CO5 K4

9 Differentiate Threshold Voltage Variations and Hot CO5 K4
Carrier Effects.

10 Discuss Fin FET -Structure, operation and advantages |CO5 K4




APPENDIX 1

CONTENT BEYOND THE SYLLABUS

S:NO; TOPIC PAGE NO:

1 8085 INSTRUCTION SET




Module 1
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