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Course MOS VLSI Circuit Design– 0907561 (3 Cr. – Elective Course) 

Catalog Description Review of CMOS devices, logic gates, and transmission and compound gates. 
Physical operation of MOS devices. Design of latches and flip-flops using 
transmission gates. Contacts types, latchup phenomenon, and CMOS design rules. 
Layout strategies, Euler paths, and left edge algorithm. Full and constant voltage 
scaling. Pass transistors and MOS capacitance model (i.e. gate and diffusion 
capacitances). Delay estimation and analysis (lumped RC model, distributed RC 
model, and integral model) and equivalent circuits. Interconnect resistance, 
capacitance, and delay. Repeaters, super buffers, and ring oscillators. Advanced cell 
design and sizing techniques, specifically the logical effort technique. Data path 
design focusing mainly on adders. Sequential logic cells, pipelining, and time 
borrowing. SRAM and DRAM design. Dynamic logic and Domino logic. Power 
calculation and optimization in VLSI circuits. Hands-on assignments and project 
using layout and simulation tools (e.g. Magic, Cadence) to design and simulate basic 
logic gates, D-type flip-flop, and SRAM cells. 

Prerequisites by 
Course 

Digital Electronics (0907461) 

Prerequisites by 
Topic 

Students are assumed to have had sufficient knowledge pertaining to the design and 
analysis of digital logic circuits; combinational and sequential. Equally important, 
students of this course are expected to have had sufficient background regarding I/O 
characteristics of MOS devices and basic MOS processing and fabrication steps.   

Textbook Weste and Harris. CMOS VLSI Design: A Circuitsand Systems Perspective, 4th ed., 
Addison-Wesley, 2011. 

References 
1. Mano and Kime. Logic and Computer Design Fundamentals, 4th ed., Prentice Hall, 

2008. 
2. Kang and Leblebici. CMOS Digital Integrated Circuits: Analysis and Design, 3rd 

ed., McGraw-Hill, 2003. 
3. W. Wolf. Modern VLSI Design: Systems on Silicon, 3rd ed., Prentice Hall, 2002. 

Schedule & Duration 15 Weeks, 45 lectures, 50 minutes each (including exams) 

Student Material Text book, class handouts, some instructor keynotes, and accessto a personal 
computer and the internet. 

College Facilities Classroom with whiteboard and projection display facilities, library, and computer 
laboratory. 

Course Objectives This course aims to provide the students with basic knowledge of CMOS VLSI digital 
circuit design,which includes the following: 
1. Designing sequential elements using transmission gates. 
2. Using different RC models to estimate combinational circuit and interconnect 

delays. 
3. Optimizing combinational circuit delays using device sizing based on the logical 

effort technique. 
4. Applying CMOS design rules and layout strategies.  
5. Using Computer-Aided-Design (CAD) tools to design and implement CMOS 
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digital circuits including transistor-level schematics, layouts, design rule 
checking, logic synthesis, simulation and verification. 

6. Designing SRAM and DRAM memory cells. 
7. Understanding the basics of dynamic logic and domino logic.  

Course Outcomes 

and Relation to ABET 

Program Outcomes 

Upon successful completion of this course, a student should be able to: 
1. Estimate and optimize combinational circuit and interconnect delays [a]. 
2. Understand common CMOS reliability issues and how to avoid them [a]. 
3. Use CAD tools to design, implement, and simulate schematics and layouts of 

simple combinational and sequential circuits [b, k].  

Course Topics 1. Introduction to VLSI systems 
2. CMOS logic and fabrication 
3. Layout design rules 
4. Circuit characterization and performance estimation 
5. Circuit simulation 
6. Combinational and sequential circuit design 
7. Design methodology and tools 

Computer Usage Practical aspects of the course include lab assignments that focus on the design and 
synthesis of transistor-level schematics and layouts for basic logic gates, flip flops, 
and SRAM cells.These combinational and sequential elements should be used as 
building blocks in the design of the final project.    

Policies  Attendance is required. Class attendance will be taken every class and the 
university’s polices will be enforced in this regard. 

 All submitted work must be yours 
 Cheating will not be tolerated 
 Join the facebook group of this course 
 Check department announcements at: 

http://www.facebook.com/pages/Computer-Engineering-
Department/369639656466107 for general department announcements. 

Assessments Assignments, Exams, and Final Project  

Grading policy Design Assignments 10% 
 

Midterm Exam 20%  
Final Project 20%  
Final Exam 50%  

Program Outcomes (PO) 

a An ability to apply knowledge of mathematics, science, and engineering  
b An ability to design and conduct experiment as well as to analyze and interpret data. 

c An ability to design a system,  component,  or process to meet desired needs , within realistic 
constraints such as economic, environmental, social, political, ethical, health and safety, 
manufacturability, and sustainability.  

d An ability to function on multidisciplinary teams 

e An ability to identify, formulate,  and solve engineering problems 

f An understanding of professional and ethical responsibility.  
g An ability to communicate effectively 

h The broad education necessary to understand the impact of engineering solutions in a global, economic, 
environmental, and societal context 

i  A recognition of the need for, and an ability to engage in life-long learning 

j Knowledge of contemporary issues  
k An ability to use the techniques, skills, and modern engineering tools necessary for engineering practice 
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