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DEPARTMENT OF ELECTRONICS AND COMMUNICATION ENGINEERING

AVANTHI INSTITUTE OF ENGINEERING AND TECHNOLOGY

Vision and Mission of the Institute 

Vision:

To develop highly skilled professionals with ethics and human values. 

Mission:

1. To impart quality education with industrial exposure and professional training.

2. To produce competent and highly knowledgeable engineers with positive approach.

3. To develop self confidence among students which is an imperative pre-requisite to face the challenges of

life.

Quality Policy: 

Avanthi Institute of Engineering and Technology, Emphasizes the ethical ideals to impart advanced 

training by creating the best possible infrastructure engaging and activity oriented teaching. It also 

uses the most updated information an communication technology to promote a critical approach 

among the students and aims for an effective ambitious administration which is responsible in all 

the aspects.
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DEPARTMENT OF ELECTRONICS AND COMMUNICATION ENGINEERING 

AVANTHI INSTITUTE OF ENGINEERING AND TECHNOLOGY 

Programme: M.Tech -VLSI Design              Regulation: R24 

Vision and Mission of the Department  

Vision:  

To be a Centre of Excellence for High Quality Education and Research in the field of Engineering 

and Technology & human values with commitment of service for betterment of society and nation. 

Mission:  

M1: To facilitate young engineers to acquire technical exposure in the areas of Electronics and 

Communication Engineering. 

M2: To prepare students for abrilliant career/entrepreneurship along with the development of 

knowledge, skills, attitude and team work for a successful professional career. 

M3: To ensure effective teaching learning process to provide in-depth knowledge of principles and 

its applications. 

M4: To provide value based education by promoting the activities meeting the societal needs. 
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DEPARTMENT OF ELECTRONICS AND COMMUNICATION ENGINEERING 

AVANTHI INSTITUTE OF ENGINEERING AND TECHNOLOGY 

Programme: M.Tech -VLSI Design  Regulation: R24 

Program Outcomes 

PO1: Demonstrate knowledge with ability to select, learn and apply appropriate techniques, skills 

and modern engineering tools to solve engineering problems appropriate to the relevant discipline. 

PO2: Analyze engineering problems critically, conceptualize, design, implement and evaluate 

potential solutions to contribute to the development of scientific/technological solutions in the 

context of relevant discipline. 

PO3: Independently carry out research /investigation and development work to solve practical 

problems. 

PO4: Function effectively as an individual and in a team to possess knowledge and recognize 

opportunities for career progression and research. 

PO5: Communicate effectively in professional practice through verbal and written formats. 

PO6: Recognize the need for self-motivated pursuit of knowledge to show commitment and 

competence in the broadest context of technological change. 

Program Educational Objectives (PEOs) 

PEO1: To educate and train the graduates with knowledge and skills necessary to formulate, 

design and solve problems in analog, digital & mixed signal VLSI Embedded system design, VLSI 

Signal processing & Hardware Software Co-design. 

PEO2: Pursue career in research in the various fields of VLSI and Embedded Systems domain 

through self learning on cutting edge technologies 

Program Specific Outcomes (PSOs) 

PSO1: To design and develop VLSI circuits by learning advanced design techniques and 

algorithms to optimize design parameters requirement. 

PSO2: Integration of embedded co-design for design methodologies in embedded & IoT 

applications. 
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PE 

CC 
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AC 
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MTVDPEJ022 

MTVDPEII023 
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PC MTVDPCI 103 
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MTVDACI101 

MTVDACI102 

Category 

PC: Professional Core Course 

(Autonomous) 

CC: Compulsory Course 
AC: Audit Course 

Professional Core -I 

CMOS Analog IC Design 
Professional Core - II 

CMOS Digital IC design 
Professional Clective - I 

1. VLSI Technology 
2. Digital Design with FPGA 
3. MEMS Technology 

Professional Elective - II 

1. Device Modeling 
2. Nano-electronics 

PE: Professional Elective Course 

Course Title 

3. Algorithms for VLSI Design 

Research Methodology & IPR 

Laboratory-1 
CMOS Analog 1C Dcsign Lab 
Laboratory-2 
CMOS Digital IC Design Lab 

Audit Course - I 
1.Value Education 

Total 

2. Developing Soft Skills and 

Personality 
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DEPARTMENT OF ELECTRONICS AND COMMUNICATION ENGINEERING 

    Program: M. Tech.  VLSI Design            Regulation: R24 

    II Year I Semester- Course Structure 

S.No. 

 

Cate 

gory 

Course Code Course Title 

Hours per Week 
 

Credits Lecture Tutorial Practical 

 

1 

 

 

 

 

PE 

 

MTVDPE21051 

 

MTVDPE21052 

 

MTVDPE21053 

Professional Elective - V 

Nano Materials and Nano 

Technology 

Digital System Design and 

Verification 

Photonics 

3 0 0 3 

2 OE  Open Elective - I 3 0 0 3 

3 Diss

ertati

on 

MTVDPJ2101 Dissertation Phase-I 

/Industrial Project 

(to be continued and 

evaluated next semester) 

0 0 20 10 

   Total 6 0 20 16 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Category Courses Credits 

PE: Professional Elective 1 3 

OE: Open  Elective 1 3 

Dissertation 1 10 

Total 3 16 
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DEPARTMENT OF ELECTRONICS AND COMMUNICATION ENGINEERING 

Program: M. Tech.  VLSI Design               Regulation: R24 

II Year II Semester- Course Structure 

S.No 

 

Catego

ry 

Course Code Course Title 

Hours per Week 
 

Credits 
Lecture Tutorial Practical 

1 Dissert

ation 

MTVDPJ2201 

 

Project/ Dissertation 

Phase-II 

(continued from III 

semester) 

 

0 

 

0 

 

32 

 

16 

   Total 0 0 32  16 

 

 

 

 

 

 

OPEN ELECTIVES OFFERED BY DEPARTMENT OF ECE TO OTHER 

DEPARTMENT PG COURSES 
 

OPEN ELECTIVE-I 
 

COURSE CODE COURSE NAME 

MTVDOE2101 Fundamentals of Nano 

Technology 

MTVDOE2102 Hardware Software Co-Design 

MTVDOE2103 Digital CMOS VLSI Design 

MTVDOE2104 Embedded Systems 

 

 

Chairperson 

Board of Studies (ECE) 

 

Category Courses Credits 

Dissertation 1 16 

Total 1 16 
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MTVDPE21051  NANO MATERIALS AND NANO TECHNOLOGY        3    0    0    3 
(VLSI Design) 

Course Objectives: 

1. To introduce the fundamentals of nano materials and nanotechnologies, highlighting their 

unique features, synthesis methods, size-dependent properties, and diverse applications. 

2. To provide foundational knowledge on the classification, synthesis, properties, and 

applications of low-dimensional nano materials, with a focus on carbon-based 

nanostructures. 

3. To provide an overview of micro- and nanolithography techniques, MEMS fabrication 

technologies, and emerging applications including nano phononics. 

4. To impart knowledge on the synthesis, properties, growth mechanisms, and applications of 

carbon nano tubes (CNTs), including both single- and multi-walled structures. 

5. To explore the properties and applications of ferroelectric materials, molecular and 

nanoelectronics, and nano-enabled solutions in biological, environmental, membrane, and 

polymer-based technologies. 

Course Outcomes: 

At the end of the course, students will be able to: 

Course 

Code 
Course Outcomes 

Mapping with POs and PSOs 
Do

K 
P

O
1
 

P
O

2
 

P
O

3
 

P
O

4
 

P
O

5
 

P
S

O
1
 

P
S

O
2
 

MTVDPE

21051.1 

Understand the fundamental science behind the 

design and fabrication of nano scale systems. 
3 2 - - - 3 - 

L1, 

L2 

MTVDPE

21051.2 

Develop the ability to formulate innovative 

engineering solutions for current challenges and 

emerging technologies. 

- 3 3 - - - 3 L3 

MTVDPE

21051.3 

Gain interdisciplinary competence to 

conceptualize and execute projects across diverse 

application domains. 

- - 3 - - - 2 
L3, 

L4 

MTVDPE

21051.4 

Acquire in-depth knowledge of fabrication and 

characterization techniques for nano scale 

materials and devices. 

- 2 3 3 3 2 3 L4 

MTVDPE

21051.5 

Bridge the gap between theoretical concepts and 

practical implementation by defining system 

development boundaries. 

- - 3 3 3 3 2 
L4, 

L5 

     SYLLABUS 

UNIT –I           16 Hours 

Introduction of nano materials and nanotechnologies, Features of nanostructures, Applications of 

nano materials and technologies. Nano dimensional Materials 0D, 1D, 2D structures, Size Effects, 

Fraction of Surface Atoms. Specific Surface Energy and Surface Stress, Effect on the Lattice 

Parameter, Phonon Density of States, the General Methods available for the Synthesis of Nano 

structures, precipitate reactive– hydrothermal/solvo thermal methods, suitability of such methods 

for scaling                              CO’s–CO1 

Self Learning Topics: Potential uses of thermal methods 

UNIT -II:           12 Hours 

Fundamentals of nano materials, Classification, Zero-dimensional nanomaterials, One-dimensional 
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Nanomaterials, Two-dimensional nanomaterials, Three dimensional nanomaterials. Low-

Dimensional Nano materials and its Applications, Synthesis, Properties, and                   CO’s–CO2 

Self Learning Topics: Applications of Low Dimensional Carbon-Related Nano materials 

UNIT -III:           14 Hours 

Micro and Nanolithography Techniques, Emerging Applications Introduction to Micro 

electromechanical Systems (MEMS), Advantages and Challenges of MEMS, Fabrication 

Technologies, Surface Micromachining. Nano Phonics.             CO’s–CO3  

Self Learning Topics: Bulk Micromachining, Molding. 

UNIT -IV:           16 Hours 

Introduction, Synthesis of CNT: Arc-discharge, Laser-ablation, Catalytic growth, Growth 

mechanisms of CNT‟s: Multi-walled nano tubes, Single-walled nano tubes Optical properties of 

CNT‟s, Electrical transport in perfect nano tubes, Applications as case studies.               CO’s–CO4                

Self Learning Topics: Synthesis and Applications of CNT's. 

UNIT -V:           12 Hours 

Ferroelectric materials, coating, molecular electronics and nano electronics, biological and 

environmental, membrane based application, polymer based application.           CO’s–CO5 

Self Learning Topics: Properties Ferroelectric materials  

Board of Studies : Electronics and Communication Engineering 

Approved in BoS No:   02, 30th May, 2025 

Approved in ACM No: 02 

Text Books: 

1. Kenneth J. Klabunde and Ryan M. Richards, “Nanoscale Materials in Chemistry”, 2nd 

edition, John Wiley and Sons, 2009. 

2. I Gusev and A ARempel, “Nanocrystalline Materials”, Cambridge International Science 

Publishing, 1st Indian edition by Viva Books Pvt. Ltd. 2008. 

3. B. S. Murty, P. Shankar, Baldev Raj, B. B. Rath, James Murray, “Nanoscience and 

Nanotechnology”, Tata McGraw Hill Education 2012. 

Reference Books: 

1. Bharat Bhushan, “Springer Handbook of Nanotechnology”, Springer, 3rd edition, 2010. 

2. Kamal K. Kar, “Carbon Nanotubes: Synthesis, Characterization and Applications”, 

Research Publishing Services; 1 st edition. 

Web References: 

1. https://www.edx.org/learn/electronics/purdue-university-fundamentals-of-nanomaterials-

and-nanotechnology.   

2. https://nptel.ac.in/courses/118102003  

Internal Assessment Pattern 

Cognitive Level Internal Assessment # 1 (%) Internal Assessment # 2 (%) 

L1 30 -- 

L2 30 -- 

L3 40 30 

L4 -- 40 

L5 -- 30 

Total (%) 100 100 

Short and Long Answers Questions of Various Cognitive Levels: 

https://www.edx.org/learn/electronics/purdue-university-fundamentals-of-nanomaterials-and-nanotechnology
https://www.edx.org/learn/electronics/purdue-university-fundamentals-of-nanomaterials-and-nanotechnology
https://nptel.ac.in/courses/118102003


 AIETTA | R24 | ECE | MTVDPE21051 | Nano Materials and Nano Technology 

Avanthi Institute of Engineering and Technology (Autonomous)                   2nd BOS-ECE                   Page 3 

L1: Remember 

1. Define nano materials and nanotechnologies with examples. 

2. State the significance of surface stress in nano scale systems. 

3. Define low-dimensional nano materials with appropriate examples. 

4. List the different fabrication techniques used in MEMS. 

5. List three major synthesis techniques for CNTs. 

6. What are the essential characteristics of nano electronic devices? 

L2: Understand 

1. Discuss the influence of dimensionality (0D, 1D, 2D) on electronic and optical properties. 

2. Explain how dimensionality affects the electronic properties of nano materials. 

3. Explain the principle of photolithography in the context of micro fabrication. 

4. Discuss how CNTs exhibit unique optical properties. 

5. Explain the working principle of ferroelectric memory. 

L3: Apply 

1. Determine a suitable synthesis method for a given nanostructure and justify your choice 

based on scalability and Cost. 

2. Apply the concept of quantum confinement to describe the behavior of electrons in 0D 

materials. 

3. Apply knowledge of MEMS fabrication techniques to design a pressure sensor. 

4. Apply the laser ablation method to design a lab-scale setup for CNT synthesis. 

5. Demonstrate how polymer-based nanocarriers can be used in drug delivery. 

L4: Analyzing 

1. Analyze the impact of dimensionality on the mechanical properties of carbon nano 

materials. 

2. Examine the influence of synthesis conditions on the purity and structure of carbon 

nanotubes. 

3. Compare and contrast photolithography and electron beam lithography in terms of 

resolution and throughput. 

4. Analyze the advantages and disadvantages of arc-discharge vs catalytic growth in terms of 

scalability and purity. 

5. Analyze the impact of size reduction on the ferroelectric properties of thin films. 

L5: Evaluating 

1. Assess the environmental and health risks associated with the use of carbon nano materials. 

2. Justify the use of graphene over carbon nanotubes in flexible electronics based on their 

properties. 

3. Evaluate the feasibility of integrating MEMS devices into flexible electronics. 

4. Critically evaluate the limitations of laser ablation in commercial CNT production. 

5. Assess the environmental implications of using nano-coatings in marine industries. 

 

 

Chairperson 

Board of Studies (ECE)  
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MTVDPE21052   Digital System Design and Verification      3    0    0    3 
(VLSI Design) 

Course Objectives: 

1. Understand foundational concepts of digital systems including combinational and sequential 

circuits, FSMs, and key hardware modules like ALUs, FIFOs, and multipliers. 

2. Develop proficiency in HDL design using Verilog/VHDL, including simulation, testbench 

creation, and integration of IPs for prototyping and performance evaluation. 

3. Apply verification techniques using System Verilog, including assertions, object-oriented 

test benches, randomization, and fault testing methods such as BIST and JTAG. 

4. Analyze physical design challenges, including signal integrity, timing delays, power issues, 

and the effects of process technologies on chip performance and reliability. 

5. Explore programmable logic devices and architectures, including PALs, FPGAs, and ASIC 

flows, along with their evolution, programming methods, and application in reconfigurable 

systems. 

Course Outcomes: 

At the end of the course, students will be able to: 

Course Code Course Outcomes 

Mapping with POs and PSOs 

DoK 

P
O

1
 

P
O

2
 

P
O

3
 

P
O

4
 

P
O

5
 

P
S

O
1
 

P
S

O
2
 

MTVDPE21052

.1 

Demonstrate familiarity with front-end 

digital design principles and verification 

techniques. 

3 - - - - 3 2 
L1,

L2 

MTVDPE21052

.2 

Design and implement reusable test 

environments to streamline the verification 

process. 

3 2 2 - 2 2 3 
L2,

L3 

MTVDPE21052

.3 

Apply verification methodologies to 

efficiently and effectively verify complex 

digital designs. 

3 3 2 - - 2 3 L3 

MTVDPE21052

.4 

Utilize industry-standard EDA tools such 

as Cadence and Mentor Graphics for 

simulation and debugging. 

3 - 2 2 3 3 2 L6 

MTVDPE21052

.5 

Develop skills to analyze and improve the 

performance, scalability, and accuracy of 

verification processes. 

3 2 3 2 - 2 2 
L4,

L5 

SYLLABUS 

UNIT –I           14 Hours 

Revision of basic Digital systems: Combinational Circuits, Sequential Circuits, Logic families. 

Synchronous FSM and asynchronous design, Meta-stability, Clock distribution and issues, basic 

building blocks like PWM module, pre-fetch unit, programmable counter, FIFO, Booth's multiplier, 

ALU, Barrel shifter.                                                CO’s–CO1 

Self learning topics: Comparison between different logic families 

UNIT -II:           12 Hours 

Verilog/VHDL Comparisons and Guidelines, Verilog: HDL fundamentals, simulation, and Test 

bench design, Examples of Verilog codes for combinational and sequential logic, Verilog AMS.IP 

and Prototyping: IP in various forms: RTL Source code, Encrypted Source code, Soft IP, Netlist, 

Physical IP, Speed issues.                  COs–CO2 
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Self learning topics: Use of external hard IP during prototyping, 

UNIT -III:           12 Hours 

System Verilog and Verification: Verification guidelines, Data types, procedural statements and 

routines, connecting the test bench and design, Assertions, Basic OOP concepts, Randomization. 

Testing of logic circuits: Fault models, BIST, JTAG interface                        COs–CO3 

Self learning topics: Introduction to basic scripting language: Perl, Tcl/Tk 

UNIT -IV:           15 Hours 

Current challenges in physical design: Roots of challenges, Delays: Wire load models Generic PD 

flow, Challenges in PD flow at different steps, SI Challenge - Noise & Crosstalk, IR Drop, Process 

effects: Process Antenna Effect &Electro migration.               COs–CO4 

Self learning topics: Flow chart for Physical Design  

UNIT -V:           15 Hours 

Programmable Logic Devices: Introduction, Evolution: PROM, PLA, PAL, Architecture of PAL's, 

Applications, Programming PLD's, FPGA with technology: Anti-fuse, SRAM, EPROM, MUX, 

FPGA structures, and ASIC Design Flows, Programmable Interconnections.                    COs–CO5 

Self learning topics: Course grained reconfigurable device.          

Board of Studies : Electronics and Communication Engineering 

Approved in BoS No:   02, 30th May, 2025 

Approved in ACM No: 02 

Text Books: 

1. Douglas Smith, “HDL Chip Design: A Practical Guide for Designing, Synthesizing & 

2. Simulating ASICs & FPGAs Using VHDL or Verilog”, Doone publications, 1998 

3. Samir Palnitkar, “Verilog HDL: A guide to Digital Design and Synthesis”, Prentice Hall, 

2nd Edition, 2003 

Reference Books: 

1. Doug Amos, Austin Lesea, Rene Richter, “FPGA based Prototyping Methodology Manual”, 

Synopsys Press, 2011. 

2. Christophe Bobda, “Introduction to Reconfigurable Computing, Architectures, Algorithms 

and Applications”, Springer, 2007. 

3. Janick Bergeron, “Writing Test benches: Functional Verification of HDL Models”, 2nd 

Edition, Springer, 2003. 

Web References: 

1. https://www.cadence.com/en_US/home/training/all-courses/86366.html. 

2. https://onlinecourses.nptel.ac.in/noc24_ee17/preview. 

3. https://www.coursera.org/learn/digital-systems. 

Internal Assessment Pattern 

Cognitive Level Internal Assessment #1(%) Internal Assessment #2(%) 

L1 30 -- 

L2 40 -- 

L3 30 20 

L4 -- 30 

L5 -- 30 

L6  20 

https://www.cadence.com/en_US/home/training/all-courses/86366.html
https://onlinecourses.nptel.ac.in/noc24_ee17/preview
https://www.coursera.org/learn/digital-systems
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Total (%) 100 100 

Short and Long Answers Questions of Various Cognitive Levels: 

L1: Remember 

1. Define metastability and explain its impact in digital systems. 

2. List the basic data types used in Verilog HDL. 

3. Define assertion in System Verilog and give an example. 

4. List the factors that contribute to IR drop in integrated circuits. 

5. List the different types of programmable logic devices and their primary applications. 

L2: Understand 

1. Explain the operation of a programmable counter with an appropriate timing diagram. 

2. Differentiate between Verilog and VHDL in terms of syntax and simulation behavior. 

3. Explain the role of a test bench in Verilog simulation with an example. 

4. Explain the difference between initial and always blocks in System Verilog. 

5. Describe the significance of process antenna effect in physical design. 

L3: Apply 

1. Simulate a synchronous FSM for a traffic light controller and verify its behavior using a 

testbench 

2. Simulate a sequential circuit (e.g., D flip-flop with reset) using Verilog and validate its 

waveform. 

3. Write a System Verilog module to connect a testbench to a design using interfaces. 

4. Design a layout strategy that minimizes IR drop in a system-on-chip (SoC) design. 

5. Develop a VHDL design for an FPGA that implements a counter with reset and enable 

inputs. 

L4: Analyzing 

1. Compare Booth’s multiplication algorithm with traditional binary multiplication for speed 

and area. 

2. Identify and explain the key differences in simulation behavior when using blocking vs. 

non-blocking assignments in Verilog. 

3. Break down the flow of a JTAG interface and identify its role in boundary scan testing. 

4. Analyze the trade-offs between optimizing for delay and minimizing crosstalk in high-speed 

PCB design. 

5. Break down the steps in an ASIC design flow and evaluate the challenges at each stage. 

L5: Evaluating 

1. Evaluate different logic families (CMOS, TTL, ECL) based on speed, power, and noise 

immunity for designing high-performance systems. 

2. Evaluate different types of assertions (immediate vs concurrent) for use in pipelined design 

verification. 

3. Assess the challenges and solutions related to process antenna effects in the context of 

multi-layer metalization in advanced nodes. 

L6: Creating 



    AIETTA | R24 | ECE | MTVDPE21052 | Digital System Design and Verification 

Avanthi Institute of Engineering and Technology (Autonomous)                    2nd BOS-ECE Page 4 

1. Analyze the impact of wire load models on the performance of a digital system and propose a 

solution to mitigate the effects. 

2. Design a power grid for a complex digital system that minimizes IR drop and ensures reliable 

operation. 

3. Develop a methodology to optimize the physical design of a digital system for reduced 

crosstalk and noise. 

 

 

 

Chairperson 

Board of Studies (ECE) 
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MTVDPE21053             PHOTONICS            3    0    0    3 
(VLSI Design) 

Course Objectives: 

1. To understand the structure, working principles, and applications of various laser systems 

and optical amplifiers. 

2. To study the key properties of laser radiation such as line width, coherence, divergence, and 

methods of pulse modulation like Q-switching and mode-locking. 

3. To understand the functioning of opto-electronic devices, including P-N junctions, carrier 

recombination, quantum wells, and the principles behind LED efficiency. 

4. To explore the structures and performance of advanced opto-electronic devices like 

quantum well lasers, photodiodes, APDs, and laser diodes. 

5. To study the different modulation techniques of light using electro-optic, acousto-optic, and 

magneto-optic effects for applications like switching and signal processing. 

Course Outcomes: 

At the end of the course, students will be able to: 

Course Code Course Outcomes 

Mapping with POs and PSOs 
Do

K 

P
O

1
 

P
O

2
 

P
O

3
 

P
O

4
 

P
O

5
 

P
O

6
 

P
S

O
1
 

P
S

O
2
 

MTVDPE2105

3.1 

Classify the Optical sources and detectors 

and to discuss their principle. 
3 2 1 1 2 0 3 1 

L1,

L2 

MTVDPE2105

3.2 

Familiar with Design considerations of 

fiber optic systems. 
3 3 3 2 2 2 3 1 L3 

MTVDPE2105

3.3 

Design and conduct experiments on optical 

fibers, sources, detectors, and analyze 

results to draw valid conclusions.. 

2 3 2 3 3 2 2 3 L3 

MTVDPE2105

3.4 

Apply atomic physics principles to design 

optical fibers and photonic crystals, 

calculating material properties. 

3 2 3 2 1 0 3 2 
L3,

L4 

MTVDPE2105

3.5 

Apply physics tools, methodologies, and 

conventions to test, communicate, and 

integrate course concepts in new situations. 

2 3 2 3 3 2 2 3 
L5, 

L6 

SYLLABUS 

UNIT –I: Laser systems         14 Hours 

General description, Laser structure, Single mode laser theory, Excitation mechanism and working 

of: CO2, Nitrogen, Argon ion, Excimer, X-ray, Free-electron, Dye, Nd:YAG,Alexanderite and 

Ti:sapphire lasers, Diode pumped solid state laser, Optical parametric oscillator (OPO) lasers. 

Optical amplifiers- Semiconductor optical amplifiers, Erbium doped waveguide optical amplifiers, 

Raman amplifiers, Fiber Lasers.                         CO’s–CO1 

Self Learning Topics: Laser Applications-Lasers in Isotope separation, Laser interferometry and 

speckle metrology, Velocity measurements. 

UNIT -II: Properties of laser Radiation       14 Hours 

Introduction, Laser line width, Laser frequency stabilization, Beam divergence, Beam coherence, 

Brightness, Focusing properties of laser radiation, Q-switching, Methods of Q- switching:Rotating-
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mirror method, Electro-optic Q-switching, Acoustic-optic Q-switching and Passive Q-switching, 

Mode locking, Methods of mode locking: Active and passive mode locking techniques, CO’s–CO2  

Self Learning Topics: Frequency doubling and Phase conjugation. 

UNIT -III: Opto-electronic Devices-I        14 Hours 

Introduction, P-N junction diode, Carrier recombination and diffusion in P-N junction, Injection 

efficiency, Internal quantum efficiency, Hetero-junction, Double hetero-junction, Quantum well, 

Quantum dot and Super lattices; LED materials, Device configuration and efficiency.   CO’s–CO3 

Self Learning Topics: Characteristics of semiconductor diodes. 

UNIT -IV: Opto-electronic Devices -II       14 Hours 

Light extraction from LEDs, LED structures-single hetero structures, double hetero structures, 

Device performances and applications, Quantum well lasers; Photo diode and Avalanche 

photodiodes(APDs), Laser Diodes-Amplification, Feedback and oscillation, Power and efficiency. 

Spectral and spatial characteristics.                CO’s–CO4  

Self Learning Topics: Spectral and spatial characteristics of LASER diode.    

UNIT -V: Modulation of Light        14 Hours 

Introduction, Birefringence, Electro-optic effect, Pockels and Kerr effects, Electro-Optic Phase 

modulation, Electro-optic amplitude modulation, Electro-optic modulators: scanning and switching, 

Acousto-optic effect, Acousto-optic modulation, Raman Nath and Bragg modulators: deflectors and 

spectrum analyzer, Magneto-optic effect, Faraday rotator as an optical isolator.              CO’s–CO5  

Self Learning Topics: Advantages of optical modulation. 

Board of Studies : Electronics and Communication Engineering 

Approved in BoS No:   02, 30th May, 2025 

Approved in ACM No: 02 

Text Books: 

1. Lasers: Principles and applications by J.Wilson and J.F.B.Hawkes, Prentice, Hall of India, 

New Delhi, 1996. 

2. Laser fundamentals, W.T.Silfvast, Foundation books, New Delhi, 1999. 

3. Semi conductoropto electronics devices, P. Bhattacharya, Prentice – Hall of India,New 

Delhi, 1995.17 

Reference Books: 

1. Optical fiber communications, John M. Senior, Prentice-Hall of India, New Delhi, 2001 

2. Optoelectronics: An Introduction, J.WilsonAndJ.F.B.Hawkes, Prentice-Hall of India, New 

Delhi, 1996. 

3. Electro-Optical devices, M.A. Karim, Boston, Pws-Kent Publishers, 1990. 

Web References: 

1. https://onlinecourses.nptel.ac.in/noc21_ee87/preview 

2. https://www.mooc-course.com/course/nanophotonics-and-detectors-coursera/ 

3. https://onlinecourses.nptel.ac.in/noc21_ee98/preview 

Internal Assessment Pattern 

https://onlinecourses.nptel.ac.in/noc21_ee98/preview
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Cognitive Level Internal Assessment #1(%) Internal Assessment #2(%) 

L1 30 -- 

L2 30 -- 

L3 40 20 

L4 -- 30 

L5 -- 30 

L6 -- 20 

Total (%) 100 100 

Short and Long Answers Questions of Various Cognitive Levels: 

L1: Remember 

1. Define the basic structure of a laser system. 

2. What are the main characteristics of laser beam coherence? 

3. Define carrier recombination in a P-N junction diode. 

4. What is the structural difference between a single and a double heterostructure LED? 

5. What is the principle of operation of a Faraday rotator? 

L2: Understand 

1. Explain the principle of operation of a CO₂ laser and how it differs from a nitrogen laser.  

2. Explain the concept of laser frequency stabilization and its importance in high-precision 

applications. 

3. Explain the process of carrier diffusion in a forward-biased P-N junction. 

4. Discuss the factors that affect light extraction efficiency in LED devices. 

5. Discuss the importance of modulation bandwidth in high-speed optical communication. 

L3: Apply 

1. Apply the principle of Raman amplification to improve the performance of an optical 

communication system. 

2. How would you design a laser system that uses mode locking to produce femtosecond 

pulses? What factors would you consider in your design? 

3. Apply the concept of carrier recombination to predict how LED output changes with 

temperature. 

4. Apply the concept of double hetero structures to design a high-efficiency LED for optical 

communication. 

5. How would you use a Faraday rotator to design an optical isolator in a laser system? 

L4: Analyzing 

1. Analyze the differences between a semiconductor optical amplifier and a fiber laser in terms 

of their applications and efficiency. 
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2. Compare and contrast the rotating-mirror method and electro-optic Q-switching in terms of 

their effectiveness, efficiency, and application areas. 

3. Analyze how material choice affects the efficiency and emission wavelength of an LED. 

4. Distinguish between the amplification mechanisms in photodiodes versus laser diodes. 

5. How does birefringence influence the efficiency of modulation in various materials? 

L5: Evaluating 

1. Assess the potential challenges in scaling up a free-electron laser for industrial use, 

especially in terms of Cost and efficiency. 

2. Evaluate the potential impact of laser line width on the performance of a precision laser-

based measurement system. How would you minimize the line width in such a system? 

3. Justify the use of double hetero structures in LEDs for high-temperature environments. 

4. Critically evaluate different LED structure designs for maximizing external quantum 

efficiency. 

L6: Creating 

1. Design an electro-optic phase modulator that can modulate the phase of a laser beam at a 

frequency of 10 GHz. 

2. Develop an electro-optic amplitude modulator that can modulate the amplitude of a laser 

beam with a modulation depth of 90%. 

3. Create a system that uses electro-optic modulators for scanning and switching applications 

in a laser-based material processing system. 

 

 

 

 

 

 

Chairperson 

Board of Studies (ECE) 
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MTVDOE2101   FUNDAMENTALS OF NANO TECHNOLOGY     3    0    0    3 

(Open Elective –I) 

Course Objectives: 

1. Define nanotechnology, its history, and its significance in various fields. 

2. Understand various methods for synthesizing and fabricating nano materials, including top-

down and bottom-up approaches. 

3. Study the unique properties of nano materials, including structural, thermal, chemical, 

magnetic, optical, and electronic properties. 

4. Discuss various applications of nanotechnology in fields such as electronics, medicine, 

energy, and materials science. 

5. Learn various techniques for characterizing nano materials, including microscopy, 

spectroscopy, and diffraction methods. 

Course Outcomes: 

At the end of the course, students will be able to: 

Course Code Course Outcomes 

Mapping with POs 

and PSOs 
DoK 

P
O

1
 

P
O

2
 

P
O

3
 

P
O

4
 

P
O

5
 

MTVDOE2101.1 
Explain its fundamental principles, including the 

unique properties of nano materials. 
3 2 - - - L1, L2 

MTVDOE2101.2 

Design and synthesize nano materials using 

various techniques, including top-down and 

bottom-up approaches. 

- 3 3 - - L3 

MTVDOE2101.3 

Analyze and characterize nano materials using 

various techniques, including microscopy, 

spectroscopy, and diffraction methods. 

- - 3 - - L3, L4 

MTVDOE2101.4 

Apply nanotechnology to solve real-world 

problems in fields such as electronics, medicine, 

energy, and materials science. 

- 2 3 3 3 L3 

MTVDOE2101.5 
Evaluate the potential impact of nanotechnology 

on society, including its benefits and risks, and 

discuss its future directions. 

- - 3 3 3  L4, L5 

 

Syllabus 

UNIT- I           12 Hours 

Over View of Nanotechnology: Definition, historical development, properties, design and 

fabrication Nano systems, working principle, applications and advantages of nano system. Nano 

materials: ordered oxides, Nano arrays.                                            CO’s-CO1 

Self Learning Topics: Potential health effects with nano materials. 

UNIT –II                      12 Hours 

Nano defects, Nano Partiles and Nano layers: Nano defects in crystals, applications, Nuclear Track 

nano defects. Fabrication of nano particles, LASER ablation, sol gels precipitation of quantum dots. 

Nano layers PVD, CVD, Epitaxy and ion implantation, formation of Silicon oxide, chemical 

composition.                                    CO’s-CO2  
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Self Learning Topics: Doping properties, optical properties.                             

UNIT- III                      16 Hours 

Nano structuring: Nano photolithography, Introduction, techniques-optical-electron beam ion 

beam- X-ray and Synchrotron, nanolithography for microelectronic industry, nano polishing of 

Diamond, Etching of Nano structures , Nano imprinting technology – Focused ion beams - LASER 

interference Lithography nano arrays.               CO’s-CO3 

Self Learning Topics: Near-Field Optics  

UNIT- IV                      16 Hours 

Science and Synthesis of Nano Materials: Classification of nano structures, Effects of nano scale 

dimensions on various properties: structural, thermal, chemical, magnetic, optical and electronic 

properties fluid dynamics, Effect of nano scale dimensions on mechanical properties - vibration, 

bending, fracture Nanoparticles, Sol-Gel Synthesis, Inert Gas Condensation, High energy Ball 

Milling, Plasma Synthesis, Electro deposition and other techniques. Synthesis of Carbon nanotubes 

Solid carbon source-based production techniques, Gaseous carbon source-based production 

techniques, Diamond like carbon coating.                        CO’s-CO4 

Self Learning Topics: Top down and bottom up processes. 

UNIT –V                      14 Hours 

Characterization of Nano Materials: Nano-processing systems, Nano measuring systems, 

characterization, analytical imaging techniques: microscopy techniques, electron microscopy 

scanning electron microscopy, confocal LASER scanning microscopy, transmission electron 

microscopy, transmission electron microscopy, scanning tunnelling microscopy, atomic force 

microscopy, diffraction techniques, spectroscopy techniques.            CO’s-CO5 

Self Learning Topics: Raman spectroscopy, 3D surface 

Board of Studies:  Electronics and Communication Engineering 

Approved in BOS No: 02, 30th May,2025    

Approved in ACM No: 02 

Text Books:  

1. Tai-Ran Hsu, MEMS and Microsystems Design and Manufacture, Tata-McGraw Hill, 2002. 

2. Fahrner W.R., Nanotechnology and Nano electronics, Springer (India) Private Ltd., 2011.  

3. Mark Madou, Fundamentals of Micro fabrication, CRC Press, New York, 1997.  

4. Norio Taniguchi, Nano Technology, Oxford University Press, New York, 2003.  

Reference Books:  

1. Mohamed Gad-el-Hak, MEMS Handbook, CRC press, 2006.  

2. Waqar Ahmed and Mark J. Jackson, Emerging Nanotechnologies for Manufacturing,  

 

Internal Assessment Pattern 

Cognitive Level Internal Assessment #1 (%) Internal Assessment #2 (%) 
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L1 30 -- 

L2 30 -- 

L3 40 40 

L4                          -- 30 

L5 -- 30 

Total (%) 100 100 

L1: Remembering  

1. What is the definition of nanotechnology? 

2. Name three techniques used for synthesizing nanoparticles. 

3. What is the difference between top-down and bottom-up approaches in nanotechnology? 

L2: Understanding  

1. Explain the unique properties of nano materials and how they differ from bulk materials. 

2. Describe the principle of Atomic Force Microscopy (AFM) and its applications in 

nanotechnology. 

3. How do the properties of nanoparticles change with their size and shape? 

L3: Applying  

1. Design a simple experiment to synthesize silver nanoparticles using a chemical reduction 

method. 

2. Calculate the surface area-to-volume ratio of a nanoparticle with a given diameter. 

3. Propose a potential application of carbon nanotubes in the field of energy storage. 

L4: Analyzing  

1. Compare and contrast the properties of nanoparticles synthesized using different methods 

(e.g., sol-gel vs. laser ablation). 

2. Analyze the advantages and limitations of using Scanning Electron Microscopy (SEM) vs. 

Transmission Electron Microscopy (TEM) for imaging nanoparticles. 

3. Discuss the potential environmental impacts of nanoparticles and how they can be 

mitigated. 

L5: Evaluating  

1. Evaluate the potential benefits and risks of using nanoparticles in consumer products. 

2. Critique the current state of nanotechnology research in a specific field and propose future 

directions. 

3. Assess the effectiveness of different characterization techniques (e.g., AFM, SEM, TEM) 

for analyzing nanoparticles. 

 

Chairperson 

Board of Studies (ECE) 
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MTVDOE2102                   Hardware Software Co-Design           3    0    0    3 

(Open Elective –I) 

Course Objectives: 

 Define hardware/software co-design, its importance, and its applications. 

 Understand data flow modelling, implementation in software and hardware, and analysis of 

control flow and data flow. 

 Learn to design finite state machines with data path (FSMD), micro programmed 

architectures, and general-purpose embedded cores. 

 Study principles of hardware/software communication, synchronization schemes, and on-

chip buses. 

 Analyze and design hardware/software systems using case studies and practical examples 

Course Outcomes: 

At the end of the course, students will be able to: 

Course Code Course Outcomes 

Mapping with POs 

and PSOs 
DoK 

P
O

1
 

P
O

2
 

P
O

3
 

P
O

4
 

P
O

5
 

MTVDOE2102.1 

Design and implement hardware/software 

systems using data flow modelling and 

implementation techniques. 

2 2 - - 2 L1,L2 

MTVDOE2102.2 

Analyze and optimize system performance 

using concurrency and parallelism 

techniques. 

- 2 3 - - L2, L3 

MTVDOE2102.3 
Develop custom architectures, including 

FSMD and micro programmed architectures.  
- - 3 - - L3, 

MTVDOE2102.4 

Interface hardware and software components, 

including on-chip buses and coprocessor 

interfaces. 

- 2 3 3 3 L4,L6 

MTVDOE2102.5 

Apply hardware/software co-design 

principles to complex systems, including 

cryptographic coprocessors and digital signal 

processing systems.  

- - 2 2 2 L4,L5 

SYLLABUS 

UNIT I: NATURE OF HARDWARE AND SOFTWARE                                               16 Hours 

Hardware, Software, Definition of Hardware/Software Co-Design, Driving factors Platform design 

space, Application mapping – Dualism of Hardware design and software design, Concurrency and 

parallelism, Data flow modelling and Transformation. Data Flow Graph, Tokens, actors and 

queues, Firing rates, firing rules and Schedules, Synchronous data flow graph.          CO’s-CO1 

Self learning topics: Control flow modelling, Adding time and resources. 

UNIT II: DATA FLOW IMPLEMENTATION                12 Hours 

Software Implementation of Data Flow, Converting queues and actors into software, Dynamic 

Scheduler, Hardware Implementation of Data Flow – single rate SDF graphs into hardware, 
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Pipelining, Analysis of control flow and data flow – construction of control and data flow graph, 

Translating C into hardware.                  CO’s-CO2 

Self learning topics: Designing data path and controller.                                   

UNIT III: DESIGN SPACE OF CUSTOM ARCHITECTURES               15 Hours 

Finite state machines with data path, FSMD design example, Limitations, Micro programmed 

Architecture, Micro programmed control, microinstruction encoding, Micro programmed data path, 

micro programmed machine. General purpose Embedded Core, RISC pipeline, Program 

organization,                            CO’s-CO3 

Self learning topics: SoC interfaces for custom hardware. 

UNIT IV: HARDWARE/ SOFTWARE INTERFACES                 17 Hours 

Principles of Hardware/software communication – synchronization schemes, communication 

constrained versus Computation constrained, Tight and Loose coupling, On-chip buses, Memory 

mapped interfaces, coprocessor interfaces, custom instruction interfaces, and Coprocessor hardware 

interface.                   CO’s-CO4     

Self learning topics: Data and control design, programmer’s model.                                          

UNIT V:                    14 Hours 

Trivium Cripto coprocessor, Trivium stream cipher algorithm, Trivium for 8- bit platforms, AES 

coprocessor, CORDIC coprocessor, algorithm and implementation.                   CO’s-CO1 

Self learning topics: Micro Processor and micro controller architectures. 

Board of Studies:  Electronics and Communication Engineering 

Approved in BOS No: 02, 30th May, 2025    

Approved in ACM No: 02 

TEXT BOOKS: 

1. Ralf Niemann, “Hardware/Software Co-Design for Data Flow Dominated Embedded 

Systems”, Kluwer Academic Pub, 1998.  

2. Jorgen Staunstrup, Wayne Wolf, “Hardware/Software Co-Design: Principles and Practice”, 

Kluwer Academic Pub, 1997.  

REFERENCE BOOKS:  

1. Giovanni De Micheli, Rolf Ernst Morgon, Reading in Hardware/Software Co-Design, 

Kaufmann Publishers, 2001.  

2. Patrick Schaumont, A Practical Introduction to Hardware/Software Codesign, 2nd Edition, 

Springer, 2010. 

 

Internal Assessment Pattern 

Cognitive Level Internal Assessment #1(%) Internal Assessment #2(%) 

L1 30 -- 
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L2 40 -- 

L3 30 20 

L4 -- 30 

L5 -- 30 

L6 -- 20 

Total (%) 100 100 

L1: Remembering 

1. Define hardware/software co-design. 

2. What is data flow modelling? 

3. Describe finite state machines with data path (FSMD). 

4. What is micro programmed architecture? 

L2: Understanding  

1. Explain the difference between hardware and software design. 

2. Describe the role of concurrency and parallelism in hardware/software systems. 

3. How do tokens, actors, and queues work in data flow graphs? 

4. What is the impact of pipelining on system performance? 

L3: Applying 

1. Design a simple data flow graph for a given system. 

2. Implement a micro programmed architecture for a specific application. 

3. Use data flow modeling to optimize a system's performance. 

4. Translate a C program into hardware using data flow implementation. 

L4: Analyzing 

1. Analyze the trade-offs between hardware and software design. 

2. Evaluate the impact of concurrency on system performance. 

3. Compare and contrast different data flow modelling techniques. 

4. Analyze the limitations of custom architectures. 

L5: Evaluating 

1. Evaluate the effectiveness of data flow modelling in hardware/software co-design. 

2. Compare and contrast different hardware/software co-design approaches. 

3. Assess the impact of concurrency on system reliability. 

4. Evaluate the trade-offs between hardware and software implementation. 

L6: Creating 
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1. Design an on-chip bus architecture for a system-on-chip (SoC) that includes multiple 

processors, memories, and peripherals. 

2. Develop a memory-mapped interface for a hardware accelerator that allows a processor to 

access its registers and memory spaces. 

3. Create a coprocessor interface that enables a processor to offload specific tasks to a 

hardware accelerator, such as encryption or compression. 

Chairperson 

Board of Studies (ECE)  
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MTVDOE2103                   DIGITAL CMOS VLSI DESIGN                   3    0    0    3 
        (Open Elective-I) 

Course Objectives: 

 Understand MOSFET characteristics, CMOS inverter behavior, and performance 

parameters. 

 Learn static and dynamic CMOS logic design, including pass-transistor and ratioed logic. 

 Analyze static and dynamic latches, registers, and timing metrics for sequential circuits. 

 Design data path circuits and understand the trade-offs in adders, multipliers, and memory 

subsystems. 

 Gain skills in Verilog HDL for modeling digital systems and high-level synthesis 

techniques. 

Course Outcomes: 

At the end of the course, students will be able to: 

       SYLLABUS 

UNIT –I MOS TRANSISTOR PRINCIPLES AND CMOS INVERTER             14 Hours 

MOSFET Transistor Characteristic under Static and Dynamic Conditions, MOS Transistor 

Secondary Effects, CMOS Inverter - Static Characteristic, Dynamic Characteristic, Power, Energy, 

Energy Delay parameters.                  CO’s–CO1 

Self Learning Topics: Enhancement and depletion mode MOS transistors. 

UNIT -II: COMBINATIONAL LOGIC CIRCUITS     14 Hours 

Static CMOS Design, Complementary CMOS, Ratioed Logic, Pass-Transistor Logic. Dynamic 

CMOS Design, Dynamic Logic: Basic Principles, Speed and Power Dissipation of Dynamic Logic, 

Issues in Dynamic Design, Cascading Dynamic Gates.                                                      COs–CO2 

Self Learning Topics: Logic levels for different logic families. 

UNIT -III: SEQUENTIAL LOGIC CIRCUITS      14 Hours 

Course Code Course Outcomes 

Mapping with POs 

and PSOs 
DoK 

P
O

1
 

P
O

2
 

P
O

3
 

P
O

4
 

P
O

5
 

P
O

6
 

MTVDOE2103.1 
Understand MOSFET and CMOS inverter 

characteristics. 
3 3 - 2 - - 

L1, 

L2 

MTVDOE2103.2 
Design Combinational Logic Circuits  using 

static and dynamic CMOS logic circuits 
- 3 3 2 2 - L3 

MTVDOE2103.3 
Analyze timing, latches and registers in 

sequential circuits. 
- 3 - 2 2 - 

L2, 

L3 

MTVDOE2103.4 

Design Arithmetic Units and Memory. Design 

data path circuits and evaluate memory 

architectures. 

- 3 3 - 2 - L3,L5 

MTVDOE2103.5 

Model Digital Systems with Verilog HDL – 

Use Verilog HDL for digital system modeling 

and synthesis. 

3 3 - - 3 - L4,L5 
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Timing metrics for sequential circuits, Static Latches and Registers, Dynamic Latches and 

Registers, Pipelines, Pulse and sense amplifier based Registers, Non - Bistable Sequential Circuits. 

           COs–CO3  

Self Learning Topics:Need of clock signal in sequential circuits. Applications of Bistable Circuits. 

UNIT-IV: MEMORY ARCHITECTURES       14 Hours 

Data path circuits, Architectures for Adders, Multipliers, Shifters, Speed and Area Tradeoffs, Array 

Subsystems: SRAM, DRAM, ROM.                          COs–CO4 

Self Learning Topics: Comparison of PROM, EPROM, EEPROM 

UNIT -V: ARCHITECTURE DESCRIPTION      14 Hours 

Introduction, Power distribution, Input/Output, Clock, Hardware Description Languages, Verilog 

HDL: Behavioral modeling, Structural gate modeling, Switch modeling, Basic constructs, FSM, 

High-level synthesis.                           COs–CO5 

Self Learning Topics: Comparison between SMI, MSI, LSI, VLSI,ULVSI 

 

Board of Studies : Electronics and Communication Engineering 

Approved in BoS No.  : 02, 30th May, 2025 

Approved in ACM No: 02 

Text Books: 

1. Jan M Rabaey, Anantha Chandrakasan, B Nikolic, Digital Integrated Circuits: A Design 

Perspective, Second Edition, 2003, Prentice Hall of India.  

2. Niel H.E. Weste, David Harris, Ayan Banerjee, CMOS VLSI Design- A circuits and 

Systems Perspective, Third Edition, 2013, Pearson education.  

 

Reference Books: 

1. Chris Spear, System Verilog for Verification, Springer, 2006.  

2. Wayne Wolf, Modern VLSI Design, PHI Learning Private Limited, New Delhi, 2011.  

3. Sung-Mo Kang and Yusuf Leblebici, CMOS Digital Integrated Circuits, McGraw Hill, 3rd 

Edition, 2011. 

 

Web References: 

1. https://onlinecourses.nptel.ac.in/noc21_ee09/preview 

2. https://www.udemy.com/topic/vlsi/?p=2&srsltid=AfmBOopszPIWTThMFnTj0Oj0kZIy0X

uhAWZDvS3MyZ5vvELxGlroq8NM 

 

Internal Assessment Pattern 

Cognitive Level Internal Assessment # 1 (%) Internal Assessment # 2 (%) 

L1 30 -- 

L2 40 -- 

L3 30 30 

L4 -- 30 

L5 -- 40 

Total (%) 100 100 

 

 

Short and Long Answers Questions of Various Cognitive Levels: 

L1: Remember 

https://onlinecourses.nptel.ac.in/noc21_ee09/preview
https://www.udemy.com/topic/vlsi/?p=2&srsltid=AfmBOopszPIWTThMFnTj0Oj0kZIy0XuhAWZDvS3MyZ5vvELxGlroq8NM
https://www.udemy.com/topic/vlsi/?p=2&srsltid=AfmBOopszPIWTThMFnTj0Oj0kZIy0XuhAWZDvS3MyZ5vvELxGlroq8NM
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1. Define the static and dynamic characteristics of a MOSFET transistor. 

2. What are the basic principles of dynamic CMOS design? 

3. What is the difference between static and dynamic latches? Provide examples of each. 

4. What are the basic types of adders used in digital circuits, and how do they differ in terms 

of functionality? 

5. What is the role of hardware description languages (HDLs) in digital system design? 

L2: Understand 

1. Explain the behavior of a MOSFET under static and dynamic conditions. How do these 

conditions affect the performance of CMOS circuits? 

2. Describe the operation of pass-transistor logic in CMOS circuits and highlight its 

advantages and limitations. 

3. Explain the significance of timing metrics in the performance evaluation of sequential 

circuits. 

4. Explain how a binary multiplier works and its role in arithmetic data path circuits. 

5. Describe the difference between behavioral and structural modeling in Verilog HDL. 

Provide an example of each. 

L3: Apply 

1. Design a pass-transistor logic circuit to implement a 2-input AND gate and explain its 

operation. 

2. Given a set of specifications, design a static D flip-flop using CMOS technology and 

calculate its setup and hold times. 

3. Implement a simple pipeline architecture using static registers and evaluate its performance 

in terms of throughput and latency. 

4. Implement a 4-bit shifter circuit using CMOS logic and evaluate its performance in terms of 

speed and area. 

5. Write a Verilog code for a simple 4-bit counter using behavioral modeling. Explain the 

functionality of the code 

L4: Analyzing 

1. Analyze how secondary effects like channel length modulation and short-channel effects 

impact the performance of a CMOS inverter. 

2. Analyze the advantages and disadvantages of complementary CMOS logic compared to 

ratioed logic in terms of power consumption and noise margins. 

3. Analyze the impact of clock skew and propagation delay on the timing metrics of sequential 

circuits. How do these factors affect the setup and hold time of a register? 

4. Compare the performance of different memory architectures (SRAM, DRAM, ROM) in 

terms of access time, power consumption, and area efficiency for use in embedded systems. 

5. Analyze the impact of improper clock distribution on the performance of a VLSI chip. How 

does this affect timing and power consumption? 

 

L5: Evaluating  

1. Evaluate the performance of different combinational logic circuit design styles (e.g., 

complementary CMOS, ratioed logic, pass-transistor logic). 
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2. Compare and contrast the advantages and disadvantages of static and dynamic CMOS 

design. 

3. Assess the impact of noise and variability on combinational logic circuit performance. 

4. Evaluate the trade-offs between speed, power consumption, and area in combinational logic 

circuit design. 

 

 

 

Chairperson 
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MTVDOE2104       EMBEDDED SYSTEMS                       3   0    0    3 
         (Open Elective-1) 

Course Objectives: 

 Understand the fundamentals of embedded systems, including their definition, history, 

classification, and application areas. 

 Design and develop embedded systems using various components, such as processors, 

ASICs, PLDs, and memory. 

 Develop embedded firmware using reset circuits, brown-out protection circuits, oscillator 

units, and watchdog timers. 

 Apply RTOS-based embedded system design principles, including task scheduling, 

communication, and synchronization. 

 Select and implement suitable RTOS for embedded system development, considering 

factors such as task communication, synchronization, and device drivers. 

Course Outcomes: 

At the end of the course, students will be able to: 

Course Code Course Outcomes 

Mapping with POs and PSOs 
P

O
1

 

P
O

2
 

P
O

3
 

P
O

4
 

P
O

5
 

P
O

6
 

DoK 

MTVDOE2104.

1 

Understand pseudo NMOS logic circuits 

and calculate inverter threshold voltage, 

output high voltage, and output low 

voltage.  

3 3 2 1 0 1 L1, L2 

MTVDOE2104.

2 

Design and implement combinational logic 

circuits using NMOS and CMOS gates to 

realize Boolean expressions. 

3 3 2 1 0 2   L3 

MTVDOE2104.

3 

Design and analyze clocked latch and flip-

flop circuits, including CMOS D latch and 

edge-triggered flip-flop. 

3 3 3 2 0 2 L3, L4 

MTVDOE2104.

4 

Analyze basic principles of dynamic logic 

circuits and design dynamic CMOS 

transmission gate logic circuits 

2 2 2 1 0 1 L4 

MTVDOE2104.

5 

Compare and contrast different types of 

semiconductor memories, including RAM 

and flash memory, and analyze their 

operation. 

3 2 1 1 1 2 L4, L5 

SYLLABUS 

UNIT I Introduction to Embedded Systems                 12 Hours 

Definition of Embedded System, Embedded Systems Vs General Computing Systems, History of 

Embedded Systems, Classification, Major Application Areas, Purpose of Embedded Systems, 

Characteristics of Embedded Systems.                        CO’s-CO1 

Self Learning Topics: Quality Attributes of Embedded Systems. 
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UNIT II Typical Embedded System                  16 Hours 

Core of the Embedded System: General Purpose and Domain Specific Processors, ASICs, PLDs, 

Commercial Off-The-Shelf Components (COTS), Memory: ROM, RAM, Memory according to the 

type of Interface, Memory Shadowing, Memory selection for Embedded Systems, Sensors and 

Actuators. Communication Interface: Onboard Communication Interfaces.           CO’s-CO2 

Self Learning Topics: External Communication Interfaces. 

UNIT III Embedded Firmware                  14 Hours 

Reset Circuit, Brown-out Protection Circuit, Oscillator Unit, Real Time Clock, Watchdog Timer, 

Embedded Firmware Design Approaches and Development Languages.            CO’s-CO3 

Self Learning Topics: Need of Oscillator Unit 

UNIT IV RTOS Based Embedded System Design                11 Hours 

Operating System Basics, Types of Operating Systems, Tasks, Process and Threads, 

Multiprocessing and Multitasking,                         CO’s-CO4 

Self Learning Topics: Task Scheduling. 

UNIT V Task Communication and Task Synchronization    15 Hours 

Shared Memory, Message Passing, Remote Procedure Call and Sockets. Task Communication / 

Synchronization Issues, Task Synchronization Techniques, Device Drivers, Methods to Choose an 

RTOS.                             CO’s-CO5 

Self Learning Topics: Advantages of Shared Memory 

Board of Studies: Electronics and Communication Engineering 

Approved in BOS No: 02, 30th May, 2025    

Approved in ACM No: 02 

Text Books: 

1. "Embedded Systems" by Raj Kamal (McGraw Hill Education) 

2. "Embedded Systems: Architecture, Programming, and Design" by Rajib Mall (McGraw Hill 

Education) 

3. "Embedded Systems: Real-Time Operating System for ARM Cortex-M Microcontrollers" 

by Jonathan W. Valvano (Create Space Independent Publishing Platform) 

Reference Books 

1. "The Art of Designing Embedded Systems" by Jack Ganssle  

2. "Embedded Systems: A Contemporary Approach" by James M. Lampsas  

3. "Real-Time Systems: Development and Implementation" by Jiming Chen  

Internal Assessment Pattern 

Cognitive Level Internal Assessment # 1 (%) Internal Assessment # 2 (%) 

L1 30 -- 

L2 30 -- 

L3 40 30 

L4 -- 40 

L5 -- 30 

Total (%) 100 100 
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L1: Remembering  

1. What is an embedded system? 

2. List the characteristics of embedded systems. 

3. What is the purpose of a watchdog timer? 

4. Define RTOS. 

5. Name different types of memory used in embedded systems. 

L2: Understanding  

1. Explain the difference between embedded systems and general computing systems. 

2. Describe the role of sensors and actuators in embedded systems. 

3. How does a reset circuit work in an embedded system? 

4. What is the significance of task scheduling in RTOS? 

5. Compare and contrast different types of operating systems. 

L3: Applying 

1. Design a simple embedded system for a specific application. 

2. Choose suitable memory types for a given embedded system application. 

3. Implement a task scheduling algorithm for a given RTOS. 

4. Develop a simple device driver for a specific peripheral. 

5. Use a specific RTOS for a given embedded system project. 

L4: Analyzing 

1. Analyze the trade-offs between different types of memory in embedded systems. 

2. Compare the performance of different RTOS scheduling algorithms. 

3. Evaluate the impact of different communication interfaces on embedded system 

performance. 

4. Identify potential issues with task synchronization in a given RTOS-based system. 

5. Analyze the stability of a given embedded system design. 

L5: Evaluating  

1. Evaluate the performance of a given embedded system design. 

2. Compare and contrast different embedded system design approaches. 

3. Justify the choice of a specific RTOS for a given application. 

4. Assess the reliability and stability of a given embedded system design. 

5. Evaluate the security of a given embedded system design. 

 

 
 

Chairperson 
Board of Studies (ECE) 
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