Minor in VLSI Design and Technology
	Semester
	Course code
	Course name
	Credits
	Type of course

	3
	MINOR301VD
	Microfabrication Processes and Integration
	3
	Theory

	4
	MINOR401VD
	Packaging Materials and Heterogeneous Integration
	3
	Theory

	5
	MINOR501VD
	Algorithms for VLSI Design Automation
	3
	Theory

	6
	MINOR601VD
	Semiconductor Characterization and Materials Screening
	3
	Theory

	7
	MINOR701VD
	Formal Verification and Hardware Security
	3
	Theory

	8
	MINOR801VD
	Optoelectronic and Nanophotonic Device Technology
	3
	Theory


Total: 18 additional credits | B.Tech in Electronics and Communication Engineering


MINOR301VD Microfabrication Processes and Integration
Semester 3 | 3 credits | Theory | 
Course objectives
To explain the processes used to create microelectronic structures and their integration into IC manufacturing flows. To develop judgement in interpreting process choices, modelling assumptions and emerging device technologies.
Course outcomes
On successful completion, the student will be able to:
CO1. Explain the functions of cleanrooms, vacuum systems and the principal microfabrication steps. 
CO2. Compare deposition, patterning and etching methods for specified material and geometry requirements. 
CO3. Analyse the sequence and compatibility of operations in a supplied simplified IC process flow. 
CO4. Evaluate the assumptions and limitations of a supplied finite-element model for a microdevice. 
Detailed syllabus
Module 1  Microfabrication foundations
Technology history and terminology; semiconductor and MEMS ecosystems; layer-by-layer process flows; vacuum science; cleanroom purpose, contamination control and operating principles. Historical policy examples are studied in their course context.

Module 2  Thin films and pattern transfer
Physical and chemical deposition; film properties and process selection; lithographic methods; subtractive micromachining and etch techniques. Compare how each operation affects layer geometry and compatibility.

Module 3  Finite-element modelling principles
Purpose of modelling in development and manufacturing; governing physical equations; discretisation and approximation; conversion to algebraic equations; limitations and interpretation of model predictions. No solver execution is required.


MINOR301VD Syllabus and resources
Module 4  Process integration and technology development
A complete example of an early CMOS fabrication sequence; market specifications and process selection; scaling, MEMS and quantum-computing trends; research and manufacturing ecosystems.
Module 5  Etching and deposition in semiconductor processes
Wet etching; plasma and dry etching; thin-film deposition methods as developed in the KAIST sequence. Use the second treatment to compare process mechanisms and limitations.
Module 6  Interconnects and emerging process examples
Metallisation, chemical mechanical polishing and strain engineering; packaging and 2.5D/3D integration overview; DRAM processing and three-dimensional transistor examples.
Books
1. Sami Franssila, Introduction to Microfabrication, John Wiley & Sons, 2nd edition, 2010.
2. J. N. Reddy, An Introduction to the Finite Element Method, McGraw-Hill, 3rd edition, 2006.
3. John H. Lau, Semiconductor Advanced Packaging, Springer Singapore, 1st edition, 2021.


MINOR301VD Required online courses
Introduction to Microfabrication | University of Minnesota | 
https://www.coursera.org/learn/introduction-to-microfabrication
Microfabrication Fundamental Processes | University of Minnesota | 
https://www.coursera.org/learn/microfabrication-fundamental-processes
Modeling, IC Processes and Emerging Microtechnology | University of Minnesota | 
https://www.coursera.org/learn/modeling-ic-processes-emerging-microtechnology
Introduction to Semiconductor Process 2 | Korea Advanced Institute of Science and Technology(KAIST) | 
https://www.coursera.org/learn/semiconductor-process-2


MINOR401VD Packaging Materials and Heterogeneous Integration
Semester 4 | 3 credits | Theory | 
Course objectives
To connect material transformations with microelectronic package structure and manufacturing. To evaluate packaging and heterogeneous-integration choices using thermal, electrical, mechanical and quality considerations.
Course outcomes
On successful completion, the student will be able to:
CO1. Calculate phase fractions and interpret transformation behaviour from supplied material data. 
CO2. Analyse how package interconnects, substrates and materials satisfy electrical, thermal and mechanical requirements. 
CO3. Interpret package manufacturing flows and process-control evidence to diagnose a stated quality problem. 
CO4. Evaluate alternative heterogeneous-integration approaches against specified interconnect and performance constraints. 
Detailed syllabus
Module 1  Material equilibria and transformations
Phase diagrams, phase rule, tie lines, lever rule and binary transformations; nucleation and growth, undercooling, transformation kinetics, solidification and sintering. The online course also uses steel processing as a general material-transformation example.
Module 2  Manufacturing context
Semiconductor ecosystem, enabling technologies and infrastructure; wafer production, manufacturing and assembly; quality and yield considerations.
Module 3  Package functions and scaling
Nanoelectronic scaling as motivation for packaging; package evolution, protection, cooling, power and signal connections; heterogeneous integration and system requirements.


MINOR401VD Syllabus and resources
Module 4  Package anatomy and reliability
Die-to-substrate and second-level interconnects; substrates, footprints and package families; electrical, thermal and mechanical functions; use conditions, reliability and cost/performance trade-offs; synthesis of the introductory course.
Module 5  Assembly and process quality
Sort, assembly and final test; BGA, LGA and stacked-package flows; die preparation, attachment, epoxy, heat-spreader and ball attachment; burn-in, test and finish; variation, control limits and interpretation of control charts.
Module 6  Advanced packaging and chiplets
Packaging-driven performance improvement; interconnect, power and thermal scaling; heterogeneous multi-chip packages; combining 2D and 3D architectures; die-to-die interfaces and standardisation; co-packaged optics as a bandwidth response.
Books
1. Rao R. Tummala, Fundamentals of Microsystems Packaging, McGraw-Hill, 1st edition, 2001.
2. John H. Lau, Semiconductor Advanced Packaging, Springer Singapore, 1st edition, 2021.
3. William D. Callister Jr. and David G. Rethwisch, Materials Science and Engineering: An Introduction, Wiley, 10th edition, 2018.


MINOR401VD Required online courses
Material Processing | Georgia Institute of Technology | 
https://www.coursera.org/learn/material-science-engineering
Semiconductor Manufacturing Fundamentals | Coursera | 
https://www.coursera.org/learn/semiconductor-manufacturing-fundamentals
Introduction to Semiconductor Packaging | Arizona State University |
https://www.coursera.org/learn/introduction-to-semiconductor-packaging
Semiconductor Packaging Manufacturing | Arizona State University | 
https://www.coursera.org/learn/manufacturing
Advanced Semiconductor Packaging | Arizona State University | 
https://www.coursera.org/learn/advanced-packaging


MINOR501VD Algorithms for VLSI Design Automation
Semester 5 | 3 credits | Theory | 
Course objectives
To explain the algorithms underlying logic synthesis, physical design and timing analysis. To connect computational design representations with mask preparation and manufacturability through written analysis of small examples.
Course outcomes
On successful completion, the student will be able to:
CO1. Apply Boolean representations and synthesis transformations to optimise a small logic network. 
CO2. Trace technology-mapping, placement and routing algorithms on supplied graphs. 
CO3. Calculate arrival times, required times and slack for a specified timing graph. 
CO4. Evaluate a proposed logic-to-mask flow using correctness, timing and manufacturability criteria. 
Detailed syllabus
Module 1  Computational Boolean reasoning
Orientation to the design flow; Boolean difference, quantification, recursive tautology; binary decision diagrams, sharing and ordering; satisfiability, constraint propagation and logic verification. Software examples are read as algorithm descriptions.
Module 2  Logic synthesis and optimisation
Two-level reduce–expand–irredundant reasoning; multilevel algebraic division, kernels, co-kernels and divisor extraction; satisfiability, controllability and observability don’t-cares; theoretical problems and final assessment.
Module 3  Mapping and physical design
Technology libraries; tree-covering technology mapping; iterative and optimisation-based placement; maze routing and extensions. Analyse the algorithms by hand on small supplied instances.


MINOR501VD Syllabus and resources
Module 4  Timing analysis and evaluation
Gate and interconnect delay models; static timing graphs, arrival and required times, slack and critical paths; RC effects; synthesis of the layout course and its written assessment.
Module 5  Mask design and manufacturing interface
Mask materials and components; design and layout principles; production, EUV and multiple patterning; inspection, quality, simulation concepts and yield improvement. Watch software demonstrations; do not create a software layout.
Books
1. Giovanni De Micheli, Synthesis and Optimization of Digital Circuits, McGraw-Hill, 1st edition, 1994.
2. Andrew B. Kahng, Jens Lienig, Igor L. Markov and Jin Hu, VLSI Physical Design: From Graph Partitioning to Timing Closure, Springer, 2nd edition, 2022.
3. Harry J. Levinson, Principles of Lithography, SPIE Press, 4th edition, 2019.
Required online courses
VLSI CAD Part I: Logic | University of Illinois Urbana-Champaign | 
https://www.coursera.org/learn/vlsi-cad-logic
VLSI CAD Part II: Layout | University of Illinois Urbana-Champaign | 
https://www.coursera.org/learn/vlsi-cad-layout
Advancing Mask Technology for Semiconductors | Coursera | 
https://www.coursera.org/learn/advancing-mask-technology-for-semiconductors


MINOR601VD Semiconductor Characterization and Materials Screening
Semester 6 | 3 credits | Theory | 
Course objectives
To interpret electrical, microscopic and spectroscopic evidence about semiconductor materials and devices. To compare characterization and high-throughput screening methods for process diagnosis and materials selection.
Course outcomes
On successful completion, the student will be able to:
CO1. Extract resistance, contact, oxide-charge and transistor parameters from supplied measurement data.
CO2. Analyse supplied microscopy and spectroscopy results to identify material or process features. 
CO3. Select characterization methods for stated resolution, composition and property requirements, with justification. 
CO4. Develop a written high-throughput screening plan for a specified materials-selection problem. 
Detailed syllabus
Module 1  Device foundations for metrology
Band diagrams, conductivity, carriers and mobility; direct and indirect gaps; diode and MOS-capacitor behaviour; oxide charges. Review is directed toward subsequent parameter extraction.
Module 2  Resistivity and diode characterization
Resistivity and sheet resistance; four-point probing and transfer-length method; specific contact resistivity; diode ideality and series resistance; interpretation of a process-monitor-block case.
Module 3  MOS characterization
MOS capacitance–voltage behaviour, flat-band capacitance and voltage, oxide-charge density; MOSFET operating regimes, threshold extraction, effective length and resistance; supplied transistor-data case.


MINOR601VD Syllabus and resources
Module 4  Electron and ion methods
SEM interactions and imaging; Auger emission, instrumentation and surface analysis; secondary-ion mass spectroscopy, composition and dopant distribution; quantitative interpretation of supplied surface images.
Module 5  Optical and X-ray methods
Reflectance spectroscopy, thin-film thickness, ellipsometry and refractive index; photoluminescence; electron-microprobe X-ray analysis; interpretation of constituent-element maps.
Module 6  High-throughput materials development
Materials-discovery strategy and Materials Genome Initiative; discrete and gradient libraries; composition and structure characterization; parallel optical, electronic, mechanical, thermal and chemical property screening; applications across material classes. Study methods and supplied results without preparing or measuring samples.
Books
1. Dieter K. Schroder, Semiconductor Material and Device Characterization, Wiley-IEEE Press, 3rd edition, 2006.
2. Radislav A. Potyrailo and Eric J. Amis (editors), High-Throughput Analysis: A Tool for Combinatorial Materials Science, Kluwer Academic/Plenum Publishers, 1st edition, 2003.


MINOR601VD Required online courses
Fundamentals of Semiconductor Characterization | Arizona State University | 
https://www.coursera.org/learn/fundamentals-of-semiconductor-characterization
Electrical Characterization: Diodes | Arizona State University | 
https://www.coursera.org/learn/electrical-characterization-diodes
Electrical Characterization: MOSFETs | Arizona State University |
https://www.coursera.org/learn/electrical-characterization-mosfets
Electron and Ion Beam Characterization | Arizona State University | 
https://www.coursera.org/learn/electron-and-ion-beam-characterization
Optical and X-Ray Characterization | Arizona State University | 
https://www.coursera.org/learn/optical-and-x-ray-characterization
Introduction to High-Throughput Materials Development | Georgia Institute of Technology | 
https://www.coursera.org/learn/high-throughput


MINOR701VD Formal Verification and Hardware Security
Semester 7 | 3 credits | Theory | 
Course objectives
To develop formal reasoning about correctness and security of hardware-based systems. To assess design vulnerabilities and select safeguards using logic, model-checking concepts and hardware threat models.
Course outcomes
On successful completion, the student will be able to:
CO1. Construct valid propositional and predicate-logic proofs for specified statements. 
CO2. Express correctness properties in temporal logic and analyse small transition-system models. 
CO3. Establish partial or total correctness of supplied simple algorithms using invariants and termination arguments.
CO4. Evaluate hardware threats and countermeasures for a specified design and adversary model. 
Detailed syllabus
Module 1  Propositional reasoning
Syntax and semantics; natural deduction; truth, validity, satisfiability and equivalence; normal forms, resolution and DPLL; consistency, soundness and completeness.
Module 2  Temporal logic and model checking
Transition systems, paths and traces; invariants, safety and liveness; LTL and CTL syntax, semantics and property specification; basic model-checking algorithms and expressive limitations.
Module 3  Predicate logic and proof
Quantifiers, terms, substitution and variable binding; natural-deduction rules; interpretations, satisfiability and entailment; soundness, completeness, undecidability and limits of first-order logic.


MINOR701VD Syllabus and resources
Module 4  Verification of supplied programs
Floyd–Hoare reasoning for assignments, sequencing, conditionals and loops; partial/total correctness, loop invariants and termination; supplied power, search and selection-sort examples. These are mathematical proofs, not programming exercises.
Module 5  Hardware trust and physical threats
Design-flow vulnerabilities and IP protection; watermarking/constraint-based reasoning; physical attack models and tamper resistance; modular exponentiation; cache, power, timing and scan-chain side channels with countermeasure principles.
Module 6  Trusted integrated circuits
Hardware-Trojan classification, detection and prevention; trusted-design principles; TPMs, physical unclonable functions and FPGA security context; final theoretical assessment.
Books
1. Michael Huth and Mark Ryan, Logic in Computer Science: Modelling and Reasoning about Systems, Cambridge University Press, 2nd edition, 2004.
2. Swarup Bhunia and Mark Tehranipoor, Hardware Security: A Hands-on Learning Approach, Morgan Kaufmann (Elsevier), 1st edition, 2019.
Required online courses
Logic for Computer Science | Birla Institute of Technology & Science, Pilani | 
https://www.coursera.org/learn/bits-logic-for-computer-science
Hardware Security | University of Maryland, College Park | 
https://www.coursera.org/learn/hardware-security


MINOR801VD Optoelectronic and Nanophotonic Device Technology
Semester 8 | 3 credits | Theory | 
Course objectives
To analyse semiconductor light sources, confined-photon structures and photodetectors. To compare device designs and performance limits relevant to optoelectronic integration and advanced semiconductor technologies.
Course outcomes
On successful completion, the student will be able to:
CO1. Analyse radiative processes and material choices affecting LED and laser performance. 
CO2. Calculate specified source and detector performance quantities using the models taught online. 
CO3. Compare conventional semiconductor lasers with low-dimensional and photon-confined devices. 
CO4. Evaluate detector technologies against stated sensitivity, noise and application requirements. 
Detailed syllabus
Module 1  Semiconductors and light emission
Electronic states and materials engineering; semiconductor-property revision; radiative recombination and the physical basis of light emission.
Module 2  LEDs and laser fundamentals
LED operation and efficiency; semiconductor laser operation, optical gain, feedback and threshold concepts; interpretation of source characteristics.
Module 3  Semiconductor laser design
Basic and advanced design principles developed in the online course; confinement and device-structure choices; performance trade-offs in semiconductor laser technology.


MINOR801VD Syllabus and resources
Module 4  Low-dimensional sources and confined photons
Quantum-cascade lasers and intersubband transitions; low-dimensional carrier control; photon confinement, allowed modes and modified emission behaviour.
Module 5  Photodetection and MIS structures
Detector performance metrics including noise-equivalent power and detectivity; metal–semiconductor and metal–insulator–semiconductor structures; operational advantages and limitations.
Module 6  Charge-transfer and junction detectors
Charge-coupled devices, photoconductors, p–n photodiodes and avalanche photodiodes; physical operation and comparison of application requirements.
Books
1. Bahaa E. A. Saleh and Malvin Carl Teich, Fundamentals of Photonics, Wiley, 3rd edition, two-volume set, 2019.
Required online courses
Light Emitting Diodes and Semiconductor Lasers | University of Colorado Boulder |
https://www.coursera.org/learn/leds-semiconductor-lasers
Nanophotonics and Detectors | University of Colorado Boulder | 
https://www.coursera.org/learn/nanophotonics-detectors
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