Master Course Description — E E 476

Title: Digital VLSI: Transistors to Gates
Credits: 5

UW Course Catalog Description

Coordinator: Ang Li
Course Goals:

1.

10.

This course represents the first of several major design experiences that students in the VLSI concentration
will experience. Effective planning, coordination and execution of a team project is a major goal of this
course.

Understand the fundamentals of CMOS logic starting from its connection to Shannon's expansion
theorem down to effective schematic and layout design of CMOS logic gates, DC-transfer functions.
Understand gate-delay, and the connection between gate delay and data arrival times to critical path
optimization. Inverter sizing and logic optimization for speed minimization.

Understand power dissipation in CMOS circuits, both dynamic and static. Understand the effect of circuit
parameters of cross-over power dissipation. Understand the role of Vi, and subthreshold swing in total
energy per computation.

Understand the design and operation of basic timing elements (level-sensitive latches, BA flip-flops), their
associated parameters (setup, hold, Tcik.q, Tdq) and their impact on race immunity and pipelining overhead.
Understand the role of clock uncertainty on timing slack.

Appreciate power reduction as a constrained optimization problem with performance and reliability as
common constraints. Basic understanding of clock gating and voltage scaling as a power-

reduction technique.

Apply understanding of CMOS concepts to circuit design and simulation, inclusive of mask layout in an
industrially relevant CMOS process using industry standard tools. Design assignments begin with an
inverter and subsequently include flip-flops and LFSRs.

Understand and apply best-practices toward building digital systems in the areas of analysis, construction,
and verification.

Use industry standard design tools to design VLSI structures for custom and automated physical design,
simulation and verification that complement lecture material.

Project: Students work in teams to build a 16-bit 16 entry register file. Students judged on design quality,
work partitioning, verification, performance and energy efficiency.

Learning Objectives:

Articulate the fundamentals of digital VLSI circuits and building blocks, with an emphasis on relating low-
level electrical concepts (e.g., power, delay, wire parasitics, noise margins) to architectural considerations
relevant to digital design.

Apply digital VLSI concepts in student teams to plan and implement circuit- and block-level designs that
meet specified functional, performance, and energy objectives.

Demonstrate effective planning, analysis, and execution practices appropriate to circuit- and block-level
VLSI design.

Verify and evaluate digital VLSI circuits and blocks using simulation and analysis techniques, and interpret
results related to correctness, timing, and power.

Textbook: Weste & Harris, CMOS VLSI Design: A Circuits and Systems Perspective, 4th ed., Addison-Wesley, 2010


http://www.washington.edu/students/crscat/ee.html#ee476

Prerequisites by Topic:
1. ECE 215 Fundamentals of Electrical Engineering
2. Basic understanding of digital logic

Course Structure: There are 4 hours of lecture per week, plus 1 hour of discussion. The discussion will be used for
student presentations of project progress, and tips-and-tricks for effective use of tool-flows and/or related skills
around linux, scripting or spice simulation. Because a large portion of the course involves learning new material, the
project is designed to emphasis effective teamwork, partitioning and execution of a high-quality design that is
somewhat limited in scope. A significant portion of the learning in this course happens in the student design labs
through peer interaction, and that with the TA who holds regular office hours in the design lab.

Grading:
e CAD Assignments (40%)
e  One Midterm Exam (15%)
e  One Final Exam (15%)
e  Project (30%)

Syllabus: Note. Items Marked (T) are theory learning topics that remain in the course

Week No. | Lecture Topics Discussion/Lecture Topics HW/Peer
assessment
/Project write-ups
1 Introduction Introduction to Linux Tutorial 1
2 Basic long-channel MOSFET model, Introduction to CAD CAD1
Introduction to MOSFET fabrication
3 CMOS gates Stick diagram and layout
4 Inverter DC transfer function CAD2
5 Gate delay and transistor sizing
6 CMOS power dissipation CAD3
7 Timing elements Midterm
8 Pipelining and sequential circuit design CAD4
9 VLSI Datapaths (Encoders, Decoders, Midterm Review
Adders)
10 Memory elements (SRAM, ROM, Final project orientation Final project
DRAM)
11 Final exam

Outcome coverage:

1) (high) an ability to identify, formulate, and solve complex engineering problems by applying principles of
engineering, science, and mathematics. Much of the class is heavily based on application of math, physics,
and engineering knowledge. This is emphasized in class and assessed through application in project hand
calculations and planning. For each of the design projects, the student must analyze the requirements, then
design, implement, and test the design, to verify its performance and characteristics.

2)  (Medium) an ability to apply engineering design to produce solutions that meet specified needs with
consideration of public health, safety, and welfare, as well as global, cultural, social, environmental, and
economic factors. In the final project, students are posed with a design problem and design specifications
for a real-world application. The project provides an opportunity to develop hardware designs that are



dependable and robust, essential for silicon systems that continue to drive growth and improve our quality
of life.

3)  (high) an ability to communicate effectively with a range of audiences. Effective communication,
managing team-dynamics, and documentation is heavily emphasized and evaluated through team project
efforts and team presentations.

4) (medium) an ability to recognize ethical and professional responsibilities in engineering situations and
make informed judgments, which must consider the impact of engineering solutions in global, economic,
environmental, and societal contexts. We discuss the tradeoffs in different engineering approaches and the
greater societal consequences of developing VLSI systems.

5)  (high) an ability to function effectively on a team whose members together provide leadership, create a
collaborative and inclusive environment, establish goals, plan tasks, and meet objectives. Team projects are
a major component of this course, and seek to foster a collaborative, inclusive environment even in a
competitive design situation. Students’ effectiveness with social media will be leveraged to encourage
discussions on the online discussion boards, incentivised by bonus credits.

6) (high) an ability to develop and conduct appropriate experimentation, analyze and interpret data, and use
engineering judgment to draw conclusions. Each of the CAD projects require a significant amount of
experimentation, evaluation of resulting simulation data and judgement to determine the optimal choices
for design.

7)  (high) an ability to acquire and apply new knowledge as needed, using appropriate learning
strategies. The lectures and CAD assignments are co-designed to effectively train students to continually
translate newly learned concepts into actual designs.

Religious Accommodations

Washington state law requires that UW develop a policy for accommodation of student absences or significant

hardship due to reasons of faith or conscience, or for organized religious activities. The UW’s policy, including

more information about how to request an accommodation, is available at Religious Accommodations Policy
https://registrar.washington.edu/staffandfaculty/religious-accommodations-policy/). Accommodations must be

requested within the first two weeks of this course using the Religious Accommodations Request form
(https://registrar.washington.edu/students/religious-accommodations-request/).

Accommodations & Access

If you have already established accommodations with Disability Resources for Students (DRS), please communicate
your approved accommodations to me at your earliest convenience so we can discuss your needs in this course. If
you have not yet established services through DRS, but have a temporary health condition or permanent disability
that requires accommodations (conditions include but not limited to; mental health, attention-related, learning,
vision, hearing, physical or health impacts), you are welcome to contact DRS at 206-543-8924 or uwdrs@uw.edu or
disability.uw.edu. DRS offers resources and coordinates reasonable accommodations for students with disabilities
and/or temporary health conditions. Reasonable accommodations are established through an interactive process
between the student, instructor, and DRS. It is the policy and practice of the University of Washington to create
inclusive and accessible learning environments consistent with federal and state law.

Academic Integrity

Engineering is a profession demanding a high level of personal honesty, integrity and responsibility. Therefore, it is
essential that engineering students, in fulfillment of their academic requirements and in preparation to enter the
engineering profession, adhere to the College of Engineering Statement of Principles. Any student in this course
suspected of academic misconduct (e.g., cheating, plagiarism, or falsification) will be reported to the College of
Engineering Dean’s Office and the University’s Office of Community Standards and Student Conduct to initiate the
student conduct process. Any student found responsible for academic misconduct may receive a zero for their grade
on the impacted academic work (e.g., assignments, project, or exams), and academic consequences, with the
possibility of expulsion.



http://depts.washington.edu/uwdrs/
https://www.engr.washington.edu/current/policies/academic-integrity-misconduct
https://www.washington.edu/cssc/for-students/overview-of-the-student-conduct-process/

Title IX

The UW, through_numerous policies, prohibits sex- and gender-based violence, harassment, and discrimination and
expects students, faculty, and staff to act professionally and respectfully in all work, learning, and research
environments.

For support, resources, and reporting options related to sex- and gender-based violence, harassment, or
discrimination, refer to the UW Title IX’s website, specifically the Know Your Rights & Resources guide. Should
you wish to make the Office of the Office of the Title IX Coordinator aware of a Title IX concern, visit the Make a
Title IX Report webpage.
Please know that if you choose to disclose information to me about sex- or gender-based violence, harassment, or
discrimination, I will connect you (or the person who experienced the conduct) with resources and individuals who
can best provide support and options. You can also access additional resources directly:

e  You can request anonymous support, from SafeCampus

e You can request confidential support, from a confidential advocate.

e Ifyou know you want to submit a formal complaint, contact the Civil Rights Investigation Office.
Please note that some senior leaders and other specified employees have been identified as Officials Required to
Report. If an Official Required to Report learns of possible sex- or gender-based violence, harassment, or
discrimination they are required to contact the Office of the Title IX Coordinator and report all the details they have
in order to ensure that the person who experienced harm is offered support and reporting options.
Relevant Websites

o Title IX: uw.edu/titleix/

e  Survivor resources: uw.edu/titleix/survivor-resources/

e Confidential advocates: uw.edu/sexualassault/support/advocacy/

e SafeCampus: uw.edu/safecampus/

e Officials Required to Report: uw.edu/titleix/employee-reporting-expectations/

e Policies: uw.edu/titleix/policies/
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