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Objective: 

The main objectives of this course are to study the basics of semiconductor devices and their 

modeling. Understand technology and process flows for bipolar and MOS integrated circuits, 

operation principles, characteristics and computer models of the different types of semiconductor 

devices used in VLSI. In the process of the laboratory work, technological methods and process 

flows of devices and IC will be studied using appropriate software. 

 

Lectures : 
 

Unit I – Review of Semiconductor Fundamentals  

Semiconductor materials. Energy bands of semiconductors, electrons and holes, doping, 

carrier densities and transport (mobility, diffusion, drift, and currents). Recombination and 

generation. Continuity equation.  

 

Unit II – Devices based on PN Junctions 

 

P-N junction structure and principle of operation. Energy band diagram. Thermal 

equilibrium. The built-in potential. Forward and reverse bias. Voltage-current 

characteristics. Diffusion and barrier capacitances. The parameters and I-V characteristics 

of real P-N diode. General breakdown characteristics. Tunnel, avalanche, and thermal 

breakdown.  Schottky diode. Review of BJT operation. 

 

Unit III - Metal-oxide-semiconductor field effect transistors  

Structure and principles of operation. MOSFET analysis. Accumulation, depletion and 

inversion modes.  Parameters and characteristics. Threshold voltage calculation, the 

substrate bias effect.  Performance limitations. Advanced MOSFET issues - channel length 

modulation. Short channel effects, sub-threshold current, field dependent mobility, punch-

through, velocity saturation, bipolar action, oxide injection etc. SPICE models of MOS 

transistors . 

 

Unit IV – Device Modeling 

 

Introduction to Device modeling, numerical methods and meshing (fixed and adaptive). 

Numerical solutions, common methods – Newton, Gummel. IV characteristics and 

parametric extraction. Gate currents. 

 

Unit V - Integrated Circuits Technology Overview 

 

 A historical review of integrated circuits (IC). Moore’s Law. Performance metrics for ICs 

(density, speed, power consumption, cost, reliability, and yield). Basic structures of MOS 

IC (P-MOS, N-MOS). CMOS technology and device structure. Silicon on insulator 

structures (SOI). Basic Processes of IC Fabrication – Diffusion, Ion Implantation, 

Oxidation, Photolithography, Etching, Chemical Vapor Deposition. Introduction to 



process simulation. 

 

Lab: 

 
Tool used during laboratory works: HSPICE.  

 

• Study of one-dimensional ion implantation profiles  

• Study of thermally grown and deposited oxide layers 

 

Course Project: 

 
A project of suitable complexity, comprising of IC fabrication processes must be completed by 

the student. 

 

Course Material: 
 

The field of VLSI and Embedded Systems is getting updated constantly and to keep up to date 

with the latest research, technology and industry trends, Instructor for this course will decide and 

provide the course material. This could be a combination of slides or research material or text 

book references or any other relevant documentation depending on a) the nature of the curriculum 

and b) relevant skills to be imparted as outcome of the course. 
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