University of California, Berkeley Extension
Integrated-Circuit Design and Techniques Program

X134: Digital Integrated-Circuit Design
A. Course Description

This state-of-the-art course begins with the solid understanding of digital operation principles and gradually
channels into more complex entities, such as multiplexers and flash memory. Featuring in-depth illustration
and broad discussions, this course distills essential concepts, SPICE verification, and design skills from CMOS,
ECL, and BiCMOS logic, to memory design. This unique course provide you an opportunity working on a
research project to address the compelling issues in cutting-edge technologies including embedded SRAM
(eSRAM), non-volatile memory, and high-speed embedded DRAM.

B. Prerequisite

e "X30: Intro to Microelectronic Theory and Applications"
e "X138: Semiconductor Devices for Integrated-Circuit Design"

or working-level knowledge on solid-state and digital electronics, such as

e Inverter basics

e BJT & MOS I-V characteristics

e Channel-length modulation of MOSFET
e Body-effect of MOSFET

C. Timeline
Pacing yourself well is one of the key factors to succeed in this course. Mark your calendar for the timeline and

course events. Make a plan for studying lectures and then follow through. If you do that, the odds that you
perform with excellence and succeed in this course are very high.

Timeline Course events Lecture pace
Day 30 Homework 1 30% of lectures done
Day 60 Homework 2 60% of lectures done
Day 90 Homework 3 90% of lectures done
Day 90 Final exam request

Day 120 Midterm exam 100% of lectures done
Day 120 Final exam date confirmed Review

Day 150 Proctored final exam

Day 180 Project/Course end Lecture access expires

The course registration date (Day 1) is the date you receive the login information and welcome email.
Remember, the final exam request process could take up to a month to complete.
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D. Course Length
30 hours.

e The course length covers not only the audio runtime but also the time you need to catch up with the
lecture presentation, including the time to re-listen the soundtrack (rewind and play), the time to
watch the slides (pause), and the time to take notes.

e The students are expected to take notes. Remember, the shortest pencil is longer than the longest
memory. You haven’t really studied unless you write things down, including primary circuit diagrams,
analysis, and key concepts, etc.

e Other than the 30-hour course length, you are expected to spend additional 60 hours studying the
lectures, digesting the materials, working on the assignments, and preparing for the exams. This is
based on the level of effort that a “UC Berkeley qualified” student must spend to be successful in the
course.

e Most students listen/watch the lectures two or three times before they can fully grasp the concepts,
cultivate problem-solving skills, and have a good grade on the final exam.

E. Credit

e Type of Credit: Academic credit at UC Berkeley campus level

e Campus Department: Electrical Engineering & Computer Science (EECS)
e level: Upper Division (Junior/Senior)

e Number of Units: 2

F. Instructors
e lead Instructor: Dr. Vincent Chang

e  Program Instructor: Dr. Han-Bin Lin
e Instructor’s bio: Please visit http://www.ucberkeleyext.com/.

G. Learning Objectives

Upon successful completion of the course, students will be able to

e Perform the digital circuit static and dynamic analysis to the transistor level.

e Get a comprehensive understanding of the digital IC design with topics covered CMOS , ECL, BiCMOS,
and memory design.

e Possess the intuitive skill to forecast the analysis results.

e Use SPICE to verify hand-analysis results and illustrate complex behavior outside the scope of manual
analysis.

e Independently work on a research project with topics covered eDRAM, eSRAM, and non-volatile
memory.

H. Short Session-By-Session Summary

Session 1. Digital Circuits Basics
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Basic digital circuit concepts and definitions of important parameters such as logic levels, noise margins, and
propagation delay will be reviewed. The students will learn how to conduct a thorough analysis for static and
dynamic characteristics of a digital inverter—the nucleus of all digital circuit designs.

e Static Behavior of Digital Inverters
e Dynamic Behavior of Digital Inverters
e Key Concepts of Logic Circuit Design

Session 2. Static CMOS Digital Circuits

The students will learn the graphical skills to tackle the complementary devices in one circuit and use a
methodology to derive the transfer characteristics, dynamic power dissipation and power dissipation of CMQOS
Inverters. Rather than go through the tedious integration calculation, the instructor will use a simple method
combined with the important graphical concept, totally understand its dynamic behavior, and estimate the
propagation delay.

e Evaluating Robustness of CMOS Inverter

e FEvaluating Power Consumption of CMOS Inverter
e Evaluating Speed Limitation of CMOS Inverter

e Design of Static CMOS Logic Circuits

Session 3. Advanced CMOS Digital Circuits

This session will stress on not only the fundamental static and dynamic characteristics with respect to each
style but how to choose a logic style from a design perspective. Topics covered include pseudo-NMOS logic,
PTL logic, dynamic CMOS, and domino logic.

e Evaluating Robustness & Speed of Pseudo-NMOS Inverter
e FEvaluating Speed Limitation of CMOS Pass-Transistor Logic
e Noise Consideration of Dynamic CMOS Logic Design

e Timing Issues Dynamic CMOS & Domino Logic

Session 4. Semiconductor Memory Design

Memory is an inarguably imperative subject because not only a large portion of silicon chip in modern digital
circuits is used for storing complex program instructions and tremendous amount of data but also the majority
of MOSFETSs are dedicated to cache memories in today’s state-of-the-art microprocessor. Topics include static
sequential circuits static random-access memory (SRAM), dynamic random-access memory (DRAM) and
peripheral circuitry such as single-ended sense amplifier and differential-mode sense amplifier with dummy
cell, read-only memory (ROM), including erasable programmable read-only memory (EPROM) and flash
memory. For the last one, recently NOR flash architectures continue to tackle the requirements of faster XIP
(eXecute In Place) in the wireless communications. Device structure, hot-electron injection phenomenon,
programming principle, and applications will be presented.

e Static Sequential Circuits: Key Concepts

e Static Random-Access Memory (SRAM)

e Dynamic Random-Access Memory (DRAM)

e Memory Peripheral Circuitry: Sense Amplifier Design
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e Nonvolatile Read-Only Memory
Session 5. High-Performance Digital Circuits

Considering a comparable technology, the speed of ECL gate is about two to five times faster than that of its
CMOS counterpart. ECL design considerations including reference voltage, logic levels, and noise immunity will
be discussed. On the other hand, combining the low-power consumption, high noise immunity and high-
density integration of MOS digital circuits with the high current-driving capability of BJT ones, BiCMOS logic has
opened a new opportunity to achieve higher performance. Some of the design schemes such as the voltage
swing and propagation delay will be addressed.

e Bipolar Emitter-Coupled Logic Gate
e Fvaluating Robustness and Noise Immunity of ECL Gate
e Designing BiCMOS Digital Circuits

I. Methods of Instruction

e Online bilingual presentation—English and Mandarin

e Interactive discussion with the instructor via email

e Three homework assignments

e Practices via not only hand analysis but also SPICE simulation

Discussion Policy

To create a positive sharing & learning environment where all students can be benefited by learning from each
other, the instructor may select your questions along with the instructor’s answers and anonymously put them
into Discussion Q&A.

If you have a concern the question you ask the instructor might be anonymously posted in the Discussion Q&A
or you don’t want to anonymously share your question with other fellow classmates, you should notify the
instructor via email within 30 days from the course registration date.

J. Grade Structure

e Progress update & discussion: 20%
Homework assignments: 10%
Mid-term (Take-home exam): 20%
Proctored final exam: 25%

Project: 25%

K. Additional Classroom Info

Additional information will be posted and updated on a regularly basis. Please visit your Classrooms at
http://www.ucberkeleyext.com/.
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