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Course Description Academic Syllabus Academic Module

The goal of the program is for
students to have a robust
understanding of the
challenges and successes of
past and current research on
nanotechnologies and its

advanced applications in
electrical engineering in order
to improve chances of success
in future research,
development and application
efforts.

The program will be led by Professor Shulaker and members of his teaching team. The goal
of the lectures is to give students a clear understanding of the history, design, and
production of nanotechnologies and its advanced applications in electronic engineering.

The structure of the first module of the course is historical, by beginning with earlier
innovations in electronic engineering and semiconductor technologies students will be led
through the various innovations which brought nanotechnologies to their current level.

This will prepare students for the second module of the course, which is an analysis of

contemporary approaches to the same problems which researchers came across in the past.

However, with increased manufacturing accuracy and an improved understanding of
materials sciences, solutions involving new materials and design architectures have the
potential to provide another revolution in computing. MIT has been a hub of research and
practice in all of these disciplines and our program faculty come from areas with a deep
focus in Nanosystems.

In the third module, this course will dive into the advanced nanotechnologies applications in
multiple electronic engineering areas, such as supercomputing, loT, 5G, and machine
learning.

Module 1: Electronic Engineering: From Vacuum Tubes to Today
Background of electronic engineering, devices, hardware, evolution to solid-state electronics. Going over key metrics by which to analysis electronic systems, which
will act as the core of all of the subsequent modules.

Module 2: Nanosystems

Nanoelectronic Systems: Foundations

Connect single devices up to complete system-level performance metrics. Understand how computer performance is dictated by the devices and hardware (and
calculate key metrics), and how devices parameters can be optimized for different computing applications.

Nanoelectronic Systems: State-of-the-Art Today and Next Steps

Uderstand the evolution of devices from the first transistors to state-of-the-art devices today, and what has driven these changes.

Nanoelectronic Systems: Advanced Concepts

Delve deeper into advanced concepts in nanoelectronics, exploring emerging nanotechnologies like one- dimensional and two-dimensional nanomaterials, quantum
computing, etc.

Nanoelectronic fabrication:

Understand nanofabrication techniques and processes for fabricating state-of-the-art electronic systems. Go over new innovations in the field, and what innovations
are required to develop the next generation of nanoelectronics systems.

Nanoelectronic design:

In addition to building systems, we must be able to design them. This module covers the full end-to-end design flow of how hardware is designed: from low-level device
compact models up to full system synthesis using industry-standard design flows.

Module 3: Nanosystems Applications in Electronic Engineering

Application I: High-Performance Computing

For our first application, apply what we have learnt to the field of high-performance computing. Understand how supercomputers are made, what their requirements
are, and what state-of-the-art in supercomputing looks like today and challenges moving ahead.

Application Il: Internet-of-Everything/ Ultra-Low-Power Embedded Systems:

For our second application, apply what we have learnt to the opposite field of supercomputing: ultra-low- power embedded systems. Look at applications ranging from
remote sensing nodes to implantable electronics, and compare, contrast, and optimize vs. supercomputers from Module 7.

Application lll: Telecommunications:

For our third application, apply what we have learnt to the broad and rapidly growing field of telecommunications. Covers and integrates topics ranging from antennas
and RFIDs to radar systems to next generation 5G.

Application IV: Machine Learning

For our last application, delve into the exciting world of machine learning. Explore novel hardware for machine learning, including neuromorphic chips, machine learning
accelerators, and cutting-edge research at the intersection of hardware and machine learning/ artificial intelligence.
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Dean of MIT" s School of Engineering

The Vannevar Bush Professor of Electrical
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Fellow of National Academy of Engineering
Head of the MIT EECS Department

Co-chairs the MIT-IBM Watson AI Lab and chairs

the MIT-SenseTime Alliance on Artificial

Intelligence and J-Clinic, the Abdul Latif Jameel Clinic
for Machine Learning in Health at MIT
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Front cover images: ': SuperUROP students in the Department of Electrical Engineering and Computer Science talk with MIT president emerita Susan Hockfield at

a reception for SuperUROP to celebrate its second year. Read mare on page 2. 2 Starté, a bootcamp for EECS innovators and entrepreneurs, was launched in Jan-

uary to immerse students in the nuts and bolts of startups. Read more on page 5. 3: Participants including top young female PhD graduates and postdocs gathered
for the Rising Stars in EECS two-day workshop to present their research and network. Read more on page 65. 4. EECS and MIT faculty, staff and students team to

participate in the DARPA Robotics Challenge, placing in the top tier to compete for the finzl trial in mid 2015. Read more on page 14. 5: EECS alumnus and Dropbox
Co-founder Drew Housten 05, talks with students in Starté about entrepreneurship. Read mare on page 7.

Current Research Areas

Security for Internet of Things (loT)

about the latest initiatives

Perspectives from the
Department Head

A Conversation with
Anantha P. Chandrakasan

and what lies ahead

Each year since you became Department Head in July 2011, the department faculty, staff, and students have come together
to create initiatives as outlined in the 2012 Strategic Plan. What are some of the initiatives that directly impact undergradu-
ate students?

One of my best early decisions as department head was to form the Undergraduate Student Advisory Group in EECS (USAGEI,
whose members provide critical student input guiding curriculum development and enhancements. USAGE provided input
crucial to the formation of the SuperUROP, which provides greater exposure to the rewards and complexities of scientific in-
vestigation and engineering development. (Read more on page 59.) In its inaugural year, 77 students completed the Super-
UROP program, and around 80 students are enrolled for AY2014. USAGE members continue to provide thoughtful insight on
how to enhance student life for future students. Their input this year is leading to the creation of a new space where EECS
students can network with each other - to be located on the first floor of building 36. Our undergraduate and graduate students
also participate in important committees such as the faculty search committee.

We have also launched a new Engineering Design Studio {EDS) — made possible through technical and financial support from
Agilent Technologies Electronic Measurement Group and the Cypress University Alliance. EDS, housed on the fifth floor of
Building 38 and opened on April 1, 2014, provides state-of-the-art fabrication tools for our students offering an entirely new
learning and innovation dimension to our students and faculty. (Read more on page 17.)

In April this year, the Department will host its second undergraduate research conference, EECScon. This off-campus one-day
event is student-organized with faculty oversight. The meeting features poster and oral presentations by undergraduate stu-
dents doing UROP, SuperUROP, or other research in EECS areas. [Read more on page 64.)

The EECS Department developed and launched a new entrepreneurship experience for its students. How did that work?

One of my key goals for AY14 was to create an opportunity to support students interested in entrepreneurship. Based on the
Visiting Committee feedback, we launched an addition to our curriculum over 2014 IAP, called, “Starté: A Bootcamp for EECS
Entrepreneurs and Innovators”™ (http://starté.mit.edu/]. This initiative offered opportunities for our students and postdocs to
learn more about the nuts and bolts of building a successful company. The inaugural workshop brought together roughly 60
undergraduate and graduate students and postdoctoral associates, and covered topics such as equity division, models of fund-
ing, marketing, scalability, and team building. Starté enabled students to meet successful entrepreneurs and leaders in the
VC field, provided them with resources, and inspired them to pursue their passions. Over spring break [March 2014}, around
30 top Starté students traveled to Northern California to continue exploring opportunities to move their ideas and prototypes
forward. [Read more on page 5 and watch for more news on www.EECS.mit.edul.

MIT EECS Connector — Spring 2014

The sheer number and diversity of loT devices, along with their limited resources, makes loT security a
challenge quite different from securing traditional computing systems. As a circuits and systems group, we have
been working on the design of low-power cryptographic hardware accelerators, wireless authentication tags
and energy-efficient security protocols. Apart from the traditional approach, we are also exploring novel
applications of security like speech authentication, physical layer security in RF transceivers, and authentication

in the analog domain.
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Week 1

Week 2

Time Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
08:00-09:00 Breakfast (Included)
Boston Exploration -
09:30-11:30 Education: Lecture Lecture Lecture Lecture Lecture
MIT Campus Visiting
11:30-13:00 Lunch time
13:00-15:00 Lecture Project Lecture Project Presentation 1
Arrival & Check-in
Opening Ceremony
15:00-17:00 Academic Reading Organization Visiting & Project Group Discussion Academic Reading
Workshop
17:00-19:00 Dinner time
Ice Breaking: .
-00-21: ; ; - Self-stud
19:00-21:00 Self-introduction Self-study Assignment 1 Self-study Self-study elf-study
Time Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14 Day 15
08:00-09:00 Breakfast (Included)
Bostt;:f:::;r:tlon ) Boston Exploration -
09:30-11:30 ) Arts: Lecture Lecture Lecture Presentation 2
Harvard Campus
. e Harvard Museums
Visiting Check-out
. eck-ou
11:30-13:00 Lunch time & Drop off
13:00-15:00 Lecture Project Lecture
Boston Exploration - i Back to
Arts: Boston Exploration - China
The Institute of History: _ Closing Ceremony
Contemporary Art Freedom Trail 0O ization Visitina &
15:00-17:00 rganization Vistting Group Discussion Project
Workshop
Departure
17:00-19:00 Dinner time
Boston Exploration - Boston Exploration - Lobster Farewell
19:00-21:00 Sports: Arts: Assignment 2 Self-study Self-study Dinner (Included)
NBA Game Museum of Fine Arts

*The schedule may be affected by the weather, event space, and other emergency situation.




