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Message from the General Chairs

! _ A

Anshul Kumar Anurég Seth

Welcome to the joint 22nd International Conference on VLSI Design and 8th International Conference on
Embedded Systems being held from 5th to 9th January, 2009 in New Delhi.

With a history of more than two decades, this conference has now become a prestigious annual event
with participation from industry leaders, technical experts, practicing engineers, academicians and
students from India and abroad. The conference theme this year is Improving Productivity Through
Higher Abstraction, which reflects a growing concern about design productivity as the VLSI chips and
systems are becoming increasingly complex while the time available for design is shrinking.

Like the past years, the conference brings three days of exciting technical sessions with papers selected
through a world-wide peer review process and two days of informative tutorials by experts on topics of
current interest. While the technical papers will present new results and discuss the intricacies of VLSI
Design, Electronic Design Automation and Embedded Systems, there will be keynotes and invited talks
by the leaders in the industry and academia, who would present a broader picture of the state of the art
and do a bit of crystal gazing into the future. Keynote speakers in this conference include Justin Rattner,
Intel Senior Fellow, Chief Technology Officer, Abhi Talwalkar, President and CEO, LSI Corp., Neil
Henderson, GM, Mentor Graphics, Thomas Williams, Synopsys Fellow, Dr. Ajoy Bose, Founder, Atrenta
and Jacob Abraham, Professor, University of Texas, Austin.

The conference has been constantly striving for improving its quality in order to attract the best of the
people in the field. This year there has been a very good response to our call for papers. There were as
many as 320 paper submissions, out of which the Program Chairs, Preeti Ranjan Panda and Rajendran
Panda, along with their team of program committee members and reviewers, have selected the best 79
through a rigorous review process. This is a testimony to the growing stature of the conference and the
selectivity it can afford now. The Tutorial Chairs, Sanjiv Narayan and Atul Jain, with their team of
reviewers, have organized 7 full day and 2 half day tutorials on a variety of topics including Power-
conscious Tests, Security & Dependability of Embedded Systems and Power Management for Mobile
Multimedia. Again, the response for tutorial submissions has been overwhelming with a record 40+
submissions and the review team had a tough time selecting the 9.

The Industry Forum is now a regular feature of this conference. The Special Sessions Chair Rajiv Kapur
has put together a session on Made for India, which would try to capture thoughts about the growing
economy of India as an agent in shaping the electronic products. Among the special sessions, besides the
mentioned keynotes, we have various high quality technical talks ranging from platform based design to
computational lithography to Analog Design to Low Power issues and standards. Moreover, we have
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four panel discussions this year in the areas of IP, EDA, Embedded software, and Automotive/Made for
India.

We continue to encourage and facilitate participation of students. In the 2008 conference, a new feature
Students Track was introduced with a view to initiate them in the field. The Student Track chairs
Gurudutt Bansal and M. Jagadesh Kumar have organized a track for students that will run parallel to
technical sessions on the 3rd day of the conference. The regular participants from the academia, both
students and faculty, are supported through the fellowship program, which is being coordinated by the
Fellowships Chair Vineet Sahula. The promotional activities of the conference, which aim at bringing out
innovative ideas from the budding professionals, include a Design Contest and the new EDA Software
Contest introduced this year. The Design Contest Chairs Aloknath De and Subind Kumar and the EDA
Contest Chairs Manu Lauria and Shabbir Batterywala have organized these contests.

A conference of this magnitude cannot materialize without the financial support from the industry as
well as organizational efforts from the individuals. The Sponsorship and Exhibits Chairs Sanjeev
Aggarwal and S. Uma Mahesh have taken care of mobilizing the required financial resources. The
sponsors this year include Cadence, ARM, Magma, Atrenta, Broadcom, and Conexant. You can expect to
see state of the art exhibits from these companies as well as several others. The Organizing Chair Rajeev
Sehgal and Organizing Coordinator Harish Chauhan have put in tremendous efforts to bring the
conference to this shape. As expected, without the proactive drive from the Finance Chair Prem Nivasa
(especially in the current economy) with a good tab on inflows and outflows and compliance issues etc,
things would have been not as smooth.

We would also like to acknowledge the proactive efforts from our publicity chairs - Ricky Bedi, Sapan
Garg and Yatin Trivedi to make the conference a grand affair.

The role of the Publication Chair Nagi Naganathan and Lisa O’Conner, Production Editor, Conference
Publishing Services of IEEE has been very crucial in bringing out the conference proceedings in a timely
manner.

The conference has been enjoying association with several reputed professional societies, that adds to its
prestige. We acknowledge the contributions of CP Ravikumar (VLSI Society of India), N. Ranganathan
(IEEE Circuits and Systems Society), Anantha Chandrakasan (IEEE Solid-State Circuits Society), Nikil
Dutt (ACM/SIGDA) and Poornima Shenoy (Indian Semiconductor Association) in making this
association continue.

Finally we would like to thank the Steering Committee Chair Vishwani Agrawal and other members of
the Steering Committee for giving us this opportunity to organize the conference. Hope you will enjoy

the conference as well as the host city of Delhi.

Anshul Kumar and Anurag Seth
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Message from the Program Chairs
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Preeti Ranjan Panda Rajendran Panda

It is our pleasure to welcome you all to 2009 edition of the VLSI Design Conference! A strong technical
program has been the hallmark of VLSI Design Conferences in the past, and we have endeavored to
ensure that you will witness an outstanding technical program this year also.

In keeping with the international character of the conference, this year we received about 320 paper
submissions from 21 countries. While India and USA accounted for a large fraction of the submissions,
we also received a significant response from Iran, China, Japan, Germany, and UK. Getting the papers
reviewed in the two months we had set for ourselves was a challenging task and would not have been
possible without the hard and diligent work put in by the 90 member Technical Program Committee
consisting of leading researchers from across the world, from both academia and industry. The papers
were divided into 9 tracks based on subject areas, and were reviewed by a total of more than 300
reviewers. We are very much indebted to the team of reviewers for doing an outstanding job in making a
thorough and fair evaluation of the submissions, that resulted in an average of more than 4 reviews per
paper. Email discussions were initiated by the track chairs even before the actual program committee
meeting, and approximate decisions were identified. In keeping with the conference tradition, two
program committee meetings were organised - one in IIT Delhi and the other in Rutgers University, USA.
A total of 57 Regular papers and 22 Short papers were selected by the program committee for inclusion in
the technical program. These excellent papers, on a wide-ranging set of topics related to VLSI Design and
Embedded Systems, have been organized into three parallel tracks for presentation. The selection process
was highly competitive and many good papers could not make it to the final list. We sincerely hope that
the feedback from our expert reviewers was helpful to every author. This being also an embedded
systems conference, we have one running track on 6th January titled “Embedded Systems Day”.

We would like to thank all authors for considering VLSI Conference as a venue for publishing their work.
We would like to place on record our gratefulness to the Technical Program Committee members and the
volunteer reviewers who worked very hard to make the technical program happen. The program
committee list and reviewer list appears elsewhere in these proceedings, but we would like to take the
opportunity to convey our special thanks to the track chairs who managed the review procedure within
the nine tracks: Srivaths Ravi (Test), Prabhat Mishra (Synthesis and Verification), Nitin Chandrachoodan
and Sudeep Pasricha (Application Specific Architectures), Puneet Gupta and Susmita Sur-Kolay (Physical
Design), Praveen Elakkumanan and Nagi Naganathan (Low Power Electronics), Shouri Chatterjee
(Analog), Kolin Paul and Tulika Mitra (Embedded Systems), Rajiv Joshi (TCAD), and Vijay Degalahal
(Architecture). We also like to convey our deep appreciation to Vishwani Agrawal, Srimat Chakradhar,
N. Ranganathan, and Mike Bushnell for their valuable help, feedback, and support throughout the
planning and execution of the review process.

xvii



Special thanks are due to Nagi Naganathan, the Publications Chair, for undertaking the crucial and
difficult task of co-ordinating with everyone else for compiling the contents of the conference proceedings
and overall management of the iterative process, and to Lisa O'Conner, Production Editor at the
Conference Publishing Services of IEEE for her expert handling of the proceedings production and for
patiently and instantly accommodating the numerous update requests in spite of ill health. The polished
final product in your hands is the result of their untiring efforts.

We sincerely believe we have assembled for you an outstanding technical program, and we hope you
enjoy the experience. The charming capital city of Delhi has ancient history rubbing shoulders with high
technology; it will dazzle you with its breathtaking sights, and has much to offer to both the first time
visitor as well as the experienced traveller. We invite you to lose yourself amidst the tantalizing environs
in and around Delhi.

Preeti Ranjan Panda, IIT Delhi

Rajendran Panda, Freescale Semiconductor, Austin
VLSI09 Program Chairs

New Delhi, January 2009
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Message from the Organizing Chair
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Welcome to the 22nd VLSI Design and 8th Embedded Systems conference to be held from 5th to 9th
January 2009.

In the past years India has seen a lot of growth in the VLSI and Embedded Systems industry. The leading
educational institutes in India have also been actively introducing curriculum with focus on this industry.
Not only that, there has been increasing collaboration between the two on focused research in solving
some of the extremely complex problems faced by the industry. The VLSI and Embedded systems
conference is more relevant than other time in the past.

In these extremely difficult economic times to stage a conference of this size was a challenge. Anurag Seth
and Dr. Anshul Kumar, the General chairs have led from the front in achieving the high goals set for the
conference and I would like to acknowledge their efforts for the same.

The conference comes to New Delhi and National Capital Region (NCR) after a gap of 6 years. Significant
changes have occurred during this period. There has been the introduction of Metro, building of more
flyovers and still a lot of construction is going all around in preparation for the 2010 Commonwealth
games to be held here. Similarly there has been tremendous growth in VLSI Design and EDA companies
in last six years, NCR is now home to major VLSI Design centers such as ST and Freescale. It is also a
home for many EDA companies, such as Cadence, Mentor, Sequence, Magma, Calypto, Co-Ware,
Atrenta, Interra Systems, and so on.

I am sure you will enjoy the conference, tutorials, panel discussions, keynote speeches, industry forum
and the special “Made for India” track, that the organizing committee has put together this year. Capital
of India, New Delhi houses finest museums, galleries, shopping, dining and entertainment inviting you
to take a plunge into the history and modernity of the city.

Once again, I welcome you to Delhi and the conference and have a memorable 5 days.

Rajeev Sehgal
Organizing Chair
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Arun Kumar Choudhury Best Paper Award
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About the Cover

India Gate, an important monument of the city, is a memorial built in commemoration of more than 80,000
Indian soldiers who were killed during World War |. At the base of the India gate there is another
memorial, the Amar Jawan Jyoti (Flame of the immortal warrior), a never-ceasing flame under the
humongous arch to remind the nation of soldiers who laid their lives to serve this nation. India Gate was
designed to convey to the people of India the values of “Duty, discipline, unity, fraternity, loyalty,
service and sacrifice”.

Delhi is the capital of India, a country that blends an amazing history and a dynamic future creating an
enchanting experience for all of its visitors, a vibrant dynamic masterpiece, the largest democracy and
second most populous nation on earth. It offers a unique cultural mix blending ancient and noble cultures,
modern and dynamic societies.

New Delhi is the only city in the world with 3 World Heritage Sites — The Red Fort, The Qutub Minar and
The Humayun’s Tomb.

Delhi has had the honour to host many magnificent events in the past. In 1951, the inaugural edition of
the Asian Games was organized in Delhi and again in 1982. Now the Capital city of Delhi is preparing to
host the most prestigious Commonwealth Games in 2010.
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2009 22nd International Conference on VLSI Design

A Decade of Platform-Based Design: A look backwards,
a look forwards

Grant Martin, Chief Scientist, Tensilica

Abstract:

It has been 10 years since a group of us wrote the book “Surviving the SoC Revolution: A Guide to
Platform-Based Design’, and almost a decade since | gave a talk at VLSI 2000 in Kolkata about this
theme. The intervening time has seen considerable development in the platform based design
approach. It has become the near ubiquitous approach to the development of complex SoCs for many
application areas. It has branched out from its original, mainly hardware-centric focus, to assume much
more of a system and software focus complementing hardware. And the nature of platform
architectures have changed: we now see many more embedded processors of all kinds in SoC
platforms, from application-specific processors (ASIPs) to clusters of homogeneous or heterogeneous
processing engines and many integrated subsystems each including one or more ASIPs or general
purpose cores.

This talk will look back at the past decade in platform based design and describe the evolution of
architectures, design approaches and tools, and also look forward at the next decade or two and try to
paint some possible scenarios for the future evolution of the platform-based approach. As we move
towards new generations of design tools and higher level design approaches, what will be the main
forms of platforms in future and how will designers use them?

Speaker Bio:

Grant Martin is a Chief Scientist at Tensilica, Inc. in Santa Clara, California. Before that, Grant worked
for Burroughs in Scotland for 6 years; Nortel/BNR in Canada for 10 years; and Cadence Design
Systems for 9 years, eventually becoming a Cadence Fellow in their Labs. He received his Bachelor's
and Master's degrees in Mathematics (Combinatorics and Optimisation) from the University of
Waterloo, Canada, in 1977 and 1978.

Grant is a co-author or co-editor of nine books dealing with SoC design, SystemC, UML, modelling,
EDA for integrated circuits and system-level design, including the first book on SoC design published
in Russian. His most recent book, ESL Design and Verification, written with Brian Bailey and Andrew
Piziali, was published by Elsevier Morgan Kaufmann in February, 2007.

He was co-chair of the DAC Technical Program Committee for Methods for 2005 and 2006. His
particular areas of interest include system-level design, IP-based design of system-on-chip, platform-
based design, and embedded software. Grant is a Senior Member of the IEEE.
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2009 22nd International Conference on VLSI Design

Analog IC Design in Nanometer CMOS Technologies

Prof. Willy Sansen, K.U.Leuven Belgium

ol e
Abstract:

In nanometer CMOS technologies, several new effects emerge, such as velocity saturation and
gate leakage currents. As a result the transconductance and speed are both limited by velocity
saturation. Also noise and mismatch are affected as a result of the thinner gate oxides used. Moreover
the supply voltage is reduced to values below 1 Volt, creating new challenges for analog circuit design.

This presentation provides a review of the modifications in model parameters, including noise and
distortion. It is followed by an exploration of the noise/power compromise in existing circuit blocks such
as Miller operational amplifiers and Gm-C filters. An overview is the given of low-voltage
amplifiers/filters configurations with both Gate and Bulk drives. Several sub-1 Volt circuits are finally
discussed for different applications.

Speaker Bio:

Prof. Willy Sansen has the PhD degree from the University of California, Berkeley in 1972. Since 1980
he has been full professor at the Catholic University of Leuven, in Belgium, where he has headed the
ESAT-MICAS laboratory on analog design since 1984. He has been supervisor of sixtyfive PhD theses
and has authored and coauthored more than 625 publications and sixteen books, among which is
Analog Design Essentials. He is a Fellow of the IEEE. He was program chair of the ISSCC-2002
conference and is now President of the IEEE SSCS.
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Common Power Format: A User-driven Ecosystem
for Proven Low Power Design Flows

Dr. Sumit DasGupta, Senior Vice President, Si2

Abstract:

Low power design has emerged as one of the urgent needs in IC design. The International Technology
Roadmap for Semiconductors (ITRS) has identified the challenges surrounding low power design as
one of the fundamental bottlenecks in exploiting the full capabilities of some of the advanced
technology nodes. In fact, data from major chip design houses have underscored this need.

Much attention has been focused world-wide on the three existing formats for expressing low power
constraints and intent: Common Power Format (CPF) from Silicon Integration Initiative (Si2), UPF 1.0
from Accellera, and UPF 2.0/P1801 from IEEE. However, the real challenge lies in the development of
design flows and tools that exploit the content expressed by designers in these formats to solve real-
life, power-related issues in design. Therefore, it should come as no surprise that at Si2 the focus has
been on both developing and standardizing CPF in a coalition of both users and EDA suppliers, and in
creating an ecosystem that provides training and adoption aids for CPF to support its adoption by chip
designers and tool developers alike and proliferation of CPF into design flows in IC companies around
the world.

This presentation begins with a brief introduction on Si2 and the Low Power Coalition (LPC) and the
processes used in LPC to drive the development of CPF. There will be a discussion on the CPF
roadmap with an introduction of the current standard CPF version 1.1 identifying the key
enhancements over the previous version 1.0, and the roadmap leading to version 1.2 where
interoperability with P1801 is one of the focus items. Next, we will describe some of the enablers
provided by Si2 to support adoption, such as, training materials, a parser, a reference guide and a
relational analyzer which can be used both to train in CPF as well as to analyze the contents of
multiple CPF files used across the design. The talk will include examples of adoption by EDA
companies and will conclude with results achieved to-date among IC design companies with
references to some real-life success stories in low power design.

Speaker Bio:

Sumit DasGupta is the Senior Vice-President of Engineering at Silicon Integration Initiative (Si2) an
electronics industry consortium based in Austin, TX. Prior to joining Si2, Sumit was at Motorola
Semiconductors, now Freescale, where he served as Director of Design Systems and was responsible
for developing and integrating tools for the design of PowerPC microprocessors and SoC designs.
Before Motorola, Sumit was at IBM where he served in senior management and technical leadership
positions in the EDA field and was responsible for developing design tools and methods for physical
design, and design for test, many of which are still in use today. Sumit has a PhD in Computer Science
from Syracuse University. He has 8 patents issued and over 25 papers and publications. He is a
Senior Member of the IEEE and has served in several leadership positions in IEEE events and
activities.
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The Future of Low Power Design is Here:
IEEE P1801, aka, UPF 2.0

Stephen Bailey, Director Product Marketing, Mentor Graphics

Abstract:

Industry adoption of Accellera’s Unified Power Format (UPF) has been broad and swift. And why
shouldn’t it be? For the first time, UPF made it possible to specify the power design intent in
combination with the HDL specification of the design for use throughout the design, verification and
implementation flows. UPF’s portability and feature set opened the door for more efficient design of
low power systems. Now, UPF 2.0 is just around the corner. The IEEE P1801 working group, by the
time of this conference, will have completed the sequel and it will be well on its way to IEEE
standardization. Rumors are that there are significant changes to UPF 2.0. Why has been UPF been
enhanced? What value will the new capabilities deliver? Do the changes obsolete UPF 1.07 This
presentation will provide an overview of the major changes in UPF 2.0, its relationship with UPF 1.0
and the value that everyone doing low power designs will want to know.

Speaker Bio:

Stephen Bailey is Director of Product Marketing for Functional Verification at Mentor Graphics. He has
been active in EDA standards activities including chair of IEEE P1801 and Accellera UPF, past chair
of IEEE VHDL 1076 working group and participating in the PSL 1850 working group. He is the past
technical program chair, vice chair and general chair for the DVCon Conference (2004-2008). With
over 15 years of EDA and electronics industry experience, he has served in R&D, applications,
consulting, and technical and product marketing roles. Stephen has a BS and MS in Computer
Science from Chapman University.
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Making Sense Out of the Potential Babble
of Low Power Standards

Dr. Gary Delp, Distinguished Engineer, LS/ Corp

Abstract:

For decades designers have worked with the digital abstraction, signals are either logical true or logical
false. As with all abstractions, this one had great utility, allowed optimizations in analysis, and
separated two areas of difficult analysis, making the design task achievable. In 2009, this abstraction
becomes more valuable, and more complex. Parts of digital circuits will be turned off relative to other
parts, parts will enjoy low-power slow-down modes, and parts will scream with performance and
energy. The good news is that there is a simple way to express the relationships, boundaries,
activities, and side effects of many power domains without having to give up most of the simplifications
that the digital abstraction allow us. The bad news is that there are currently two ways to do it.

Using examples from a number of design flows and design problems, the speaker will show how to
use both UPF/P1801 and CPF to express the power constraints and characteristics of designs. As
work is ongoing in both the Si2 Low Power Coalition, and the IEEE P1801 groups, the January state of
interoperability will be greater than it is currently, and much quicker and cleaner to hear about than it
has been to develop.

Speaker Bio:

Dr. Gary Delp is a Distinguished Engineer working out of the CTO office at LSI. As one of three
architects of the Low Power Coalition, and vice-chair of the IEEE P1801 working group, he is in a
unique position to provide insight into interoperability needs and potentials. Gary spends his time
working on design and IP reuse, inside of a design, across designs, and across the economic eco-
system. Some of this reuse is in the form of bundles and IP functions, some is in the form of formats,
methodologies, and exploratory work. Standards Setting bodies, Industry Alliances and University
research programs support this work of technology transfer.

He is the Technical Director of The SPIRIT Consortium, and the CTO of the VSI Alliance. He is also
the vice-chair of the IEEE study group on common power formats. LS| has a keen interest in power
reduction in service of the needs of their customers in the storage and consumer industries.

His work has always been in the area of system optimization, but the systems have varied. As a VLSI
Designer at the IBM AS/400 Division, he led teams in the optimization of hardware/software tradeoffs
for network interconnect and the provision of network services. He holds patents in scheduling and
shaping algorithms, circuit design, chip product structures, and video editing among others. He works
collaboratively; the bulk of his 40+ patents are joint with others. At the University of Delaware, his PhD.
Dissertation was MemNet: a distributed shared memory network implementation and architecture. IBM
Watson work included FDDI and ATM operating system/hardware interfaces.

He holds a Bachelor of Arts degree in Theatre from Oberlin College and a Master of Fine Arts in
Technical Theatre from the University of Memphis, Tennessee. Delp received his PhD in Electrical
Engineering from the University of Delaware and has taught in several institutions of higher education
including Rhode Island College, Memphis State University, and the University of Delaware. Once, as
technical director, he led a team in building 2 mountains for an outdoor historical drama in Chillicothe,
Ohio.
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DFX and Productivity

Dr. Robert C Aitken, R&D Fellow, ARM

i

Abstract:

CMOS scaling has led to ever-increasing numbers of potentially available transistors on chips. At the
same time, design productivity has also continued to improve, but has not been able to keep up,
resulting in increasing design effort. Many factors contribute to this situation, but one key element is
the complexity involved in ensuring that yield targets will be met. (DFY). This talk outlines the basics of
design-for-yield (DFY) and shows how it relates to design-for-manufacturability, test, and variability
(DFM, DFT, and DFV respectively). It is shown how a comprehensive approach to all of the problems,
known as DFX, can lead to improved design methodology and hence improved productivity.

Speaker Bio:

Robert C. Aitken is an R&D Fellow at ARM. His areas of responsibility include low power design,
library architecture, and design for manufacturability. He has worked on design, manufacturing and
variability issues for many years at ARM, Artisan, Agilent and HP. He has given tutorials and short
courses on a variety of subjects at conferences and universities worldwide. He has published over 70
technical papers, and holds a Ph.D. degree from McGill University in Canada.
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Computational Lithography — Moore Bang for your Buck

Dr. Vivek Singh, Senior Principal Engineer, Intel

"

h.

Abstract:

There have been many pronouncements about the slowing down of Moore’s Law. Human enterprise,
however, has managed to disprove these dim prophecies by producing ingenious solutions on a
regular basis, to allow Moore’s Law to continue its unabated march. Many of these solutions are
coming from the growing field of Computational Lithography. Generally speaking, Computational
Lithography comprises a broad set of techniques that use physics-based calculations to eke out more
lithographic performance from today’s steppers than they were originally designed for. Given the
extraordinary cost of lithography tools and the fact that economics drives Moore’s Law as much as
physics, this boost in IC affordability is a key driver of innovations in Computational Lithography.

One such innovation is Pixelated Phase Mask technology. This technology was created to address the
problem caused by the growing gap between the lithography wavelength and the feature sizes
patterned with it. As this gap has increased, the quality of the image has deteriorated. About a decade
ago, Optical Proximity Correction was introduced to bridge this gap, but as this gap continued to
increase, one could not rely on the same basic set of techniques to maintain image quality. We sought
to alleviate this problem by introducing additional degrees of freedom within the mask. The resulting
Pixelated Phase Mask technology will be described in this paper, as an example of how Computational
Lithography can contribute to affordable scaling and design productivity.

Speaker Bio:

Vivek Singh obtained his Ph.D. in 1993 from Stanford University, where he worked on simulations and
experiments in plasma etching and deposition. He joined the TCAD department at Intel, where he
worked on many different aspects of lithography technology development and optimization. Currently,
he is a Senior Principal Engineer, and the Manager of Computational Lithography Group at Intel,
responsible for all tool development in the area of OPC, rigorous lithography simulation, double
patterning, and inverse lithography. Vivek also represents Intel on several DFM forums, and is
currently Chair of the SPIE DFM Conference.
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Made For India Forum

Chair: Rajiv Kapur
Organizers: Chitra Giridhar, Sanjeev Mehta, and Anurag Gupta

India is an emerging market that is being noticed and taken seriously the world over.

The >1B population is very young (35% under the age of 15) with an ever-expanding
middle class. Sustained 8% GDP growth, rapid urbanization, increasing dispensable
income, changing lifestyles, opening economic policy, and democratic society are fuelling
‘explosive’ consumerism in India resulting in persistent demand for latest goods and
services.

India as a market encourages/requires creative product design or business models to
meet its needs. This uniqueness comes from its demographics, its economics, and its
inherent diversity. Hence this transmogrification of the India story: from “Made in India”
of yester years - “Made for India” today - “Made by India” tomorrow.

In this context we have created a platform titled “Made For India”. This is a platform to
help identify and promote products that are centered around semiconductors, electronics
and embedded SW, designed for the Indian market. We have created this platform for
eminent speakers to start with the end market and showcase use of technology, business
models/services that were established to meet its needs.

Speakers:

. Rajeev Kaushal, Head - Pune Division, elnfochips

. Manish Gupta, Associate Director, IBM India Research Laboratory

. Rajeev Agarwal, CEO Innoviti

. C. Damodaran, General Manager - Embedded & Networking Solutions
at Network Systems and Technologies (NeST)

. Prasad Mantri, Member ITRS, SUN

. Ramendra S. Baoni, Managing Director, BiSquare Systems Pvt Ltd

. Dr. G. Venkatesh, CTO, Sasken

AOWON -
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IP Panel Topic:

Why is design automation and reuse of analog designs increasingly trailing the digital
world?

Summary:

Demand for high performance in today's systems requires some key IP components to be
designed in analog, whereas quick turn around time requires significant use of digital IPs. While
there has been significant progress in design automation and design reuse of digital circuits in the
last couple of decades, much has not changed for analog design. Design capture in low
abstraction level, poor automation of implementation and verification steps, worsening silicon
variability etc. combined with several technology nodes/flavors put a lot of pressure on the limited
analog design expertise available today.

This panel discussion focuses on these issues and possible solutions. Can some of these design
functions be moved from analog domain to digital? What is involved in deploying some of the
digital design paradigms and reuse concepts in analog design? What can EDA vendors do to
address these issues? What can Fabs do to control process variability to enable reuse of Analog
IPs?

Organizers:

Ghasi Agarwal, Prakash Bare
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EDA Panel Topic:
EDA Made-in-India: Fact or Fiction?
Summary:

Advances in EDA technology have barely kept pace with increasing complexity of IC designs and
growth in the semiconductor industry. Over the last 20 years, India has been playing an
increasing role in the design evolution. Semiconductor companies in India are steadily increasing
their contributions in leading-edge design work. Can the EDA industry in India keep pace with
that trend? Is there enough momentum in innovation by EDA companies in India? Will we ever
see a “Made-in-India” tag for EDA products and services?

EDA industry in India taps into a large talent pool that is proficient in electronic design, algorithms
and software development. Can this be a key driving factor for the EDA industry?

On the other hand, recent focus in EDA industry has been in topics that affect manufacturing and
yield, such as DFM, SSTA etc. Such topics warrant a deeper understanding of the
semiconductor process technologies and physics of deep-submicron devices. Given that Indian
semiconductor industry is mostly design oriented, with minimal experience in IC fabrication, will
the EDA industry be curtailed in it's growth? Can Indian universities step up to play a significant
role to groom the EDA industry, similar to the roles played by Stanford and UC Berkeley during
the EDA industry’s infancy.

Or, is it even worth for EDA companies in India to pursue the “Made-in-India” tag? Given the
amount of evolutionary knowledge that needs to be gained as well as the focus needed on
advanced research, isn’t Indian EDA industry better off not pursuing the “Made-in-India” tag on
EDA products?

The panelists will debate the topic from various angles and share their personal insight of the
history, challenges and vision for EDA and semiconductor industry in India and world-wide.

Organizers:
Raman Santhanakrishnan, Yatin Trivedi
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Automotive Sector/Made For India Panel Topic:

Solutions for a small car — Made for India and Made in India

Summary:

Majority of the Indian and overseas auto manufacturers have plans of developing a small car in
India for the Indian consumers. According to industry sources, the key to success of the small car
will be a combination of parameters such as the design, features, specifications, manufacturing
efficiency, performance, marketing network and after sales service and the final competitive price.
Keeping low cost pricing as a crucial aspect of the game, how can solutions developed for such a
car be optimized in the most cost efficient manner?

What is the scope of optimization for a small car for the semiconductor industry? How much
impact do the manufacturing processes along with the marketing activities have on the final
success of the small car?

Organizers:

India Semiconductor Association
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Embedded SW Panel Topic:

Accelerating Embedded System Design
Summary:

From rack-mounted data or telecom computer systems to mobile devices, embedded systems
may take many forms but face very similar design issues. Power, cost, performance and time to
market are critical, as always, but so too is the user interface, as shown by the highly successful
Apple iPhone and the G1 Google Phone. That the user interface is so software dependent only
adds to the on-going debate as to whether hardware or software is more conducive to a effective,
fast-turnaround design. This panel will discuss where the emphasis should lie and also discuss
the various forms of system design abstraction and virtualization techniques available to
engineers to accelerate embedded system design.

Organizers:
Techonline
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Tutorial T1

Defect Aware to Power Conscious Tests — The New DFT
Landscape

Nilanjan Mukherjee & Janusz Rajski, Mentor Graphics Corporation, Wilsonville, OR, USA,
{nilanjan_mukherjee, janusz_rajski}@mentor.com
Jerzy Tyszer, Poznan University of Technology, Poznan, Poland, tyszer@et.put.poznan.pl

Abstract

The rapid scaling of semiconductor devices along with technological innovations including
material and process changes such as high-k gate dielectric, metal gate electrodes, etc., are
making conventional fault models inadequate. In addition, the evolution of interconnects from
single to multiple-levels, the use of new materials to meet the wire conductivity requirements and
reduce dielectric permittivity, and the scaling of conventional metal/dielectric system have had
significant impact on the performance and power dissipation of devices. Multi-core designs,
heterogeneous component integration, and sophisticated packaging techniques further aggravate
the challenge of testing such devices effectively. This tutorial will focus on some of the advances
shaping the test industry today to address the above mentioned design and process changes. New
fault models that are termed as “defect aware” are being proposed and there is a demand for test
vectors targeting such defects. Bridging (static and dynamic), n-detect, stuck-open, inline-
resistance, propagation delay, etc., are some examples of new fault models that are being used to
various extent in the industry today. At the same time, at-speed testing is becoming the norm as
the industry moves towards smaller technology nodes. Methods to handle false and multi-cycle
paths effectively are common in practice to prevent unnecessary yield losses. For the first time,
timing information is being considered during Automatic Test Pattern Generation (ATPG)
targeting small-delay defects. Each one of the fault models will be discussed and the current
trends in the industry along with some preliminary silicon experiments will be presented.

Another industry trend posing a serious challenge to manufacturing test is the advent of power-
aware designs. Various techniques such as architecture driven voltage reduction, switching
activity minimization, switched capacitance minimization, and dynamic power management are
being deployed in designing low power devices. New DFT techniques are required as well to
limit power dissipation during test (preferably matching the power dissipation in functional mode
of operation) thereby preventing IR drops, voltage droop, or hot spots. Test pattern generation
needs to be tweaked to consider power dissipation during the key steps of the algorithm. In this
tutorial, methods to control power dissipation during test, both from DFT as well as test
generation perspectives will be discussed.

As numerous fault models are being proposed, all the different pattern sets along with power-
aware test pattern generation results in a significant increase in the number of patterns. This
directly impacts test cost as both test application time as well as the tester memory needed to
store the vectors are increasing. Compression schemes with not only aggressive compression
ratios are being adopted; they need to fit into the low power DFT methodology. This tutorial will
highlight some methods to handle low power designs with compression. Additionally, advanced
compression schemes to handle very large compression ratios will be discussed.

In summary, the trend towards “zero DPM” manufacturing, especially in certain applications such
as automotive, is pushing the envelope for high quality test sets as well as new DFT flows and
methodologies. All the above factors that have direct impact on test have to be addressed to
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handle complex and heterogeneous devices that are being manufactured with new material and
technologies today. This tutorial will help in developing an understanding on how to address
some of these issues and highlight DFT techniques and methodologies that are being adopted to
achieve the desired results.

Speaker Biographies

Nilanjan Mukherjee received the B.Tech (Hons) degree in Electronics Engineering from IIT,
Kharagpur, India, and a Ph.D. degree from McGill University, Montreal, Canada, in 1996. Dr.
Mukherjee currently leads a technical group in the Design to Silicon division at Mentor Graphics
Corporation. At Mentor Graphics, he was a co-inventor of the EDT technology and is a lead
developer for TestKompress®. His research focuses on developing next generation test
methodologies for DSM designs, test data compression, test synthesis, memory testing, and fault
diagnosis. Prior to joining Mentor Graphics, he worked at Lucent Bell Laboratories, NJ. Dr.
Mukherjee has published more than 40 technical articles in various IEEE journals and
conferences and is a co-inventor of 17 US patents. He was an invited author for the special issue
of the IEEE Communications Magazine, June 1999. Dr. Mukherjee was the co-recipient of the
Best Paper Award at the 1995 IEEE VLSI Test Symposium and the best student paper award at
the Asian Test Symposium in November 2001. Recently, he received the prestigious 2006 IEEE
Circuits and Systems Society Donald O. Pederson Outstanding Paper Award recognizing the
paper on embedded deterministic test published in the /EEE Transactions on Computer-Aided
Design of Integrated Circuits and Systems. Dr. Mukherjee has presented tutorials at several
conferences including ITC, DAC, VLSI Design, and have offered DFT seminars on behalf of
Mentor Graphics in the US and India.

Janusz Rajski received the M.Eng degree in electrical engineering from the Technical University
of Gdansk, Poland, in 1973, and the Ph.D. degree in electrical engineering from Poznan
University of Technology, Poland, in 1982. From 1973 to 1984, he was a member of the faculty
of Poznan University of Technology. In June 1984, he joined McGill University, Montreal,
Canada, where he became Associate Professor in 1989. In January 1995 he accepted the position
of Chief Scientist at Mentor Graphics Corporation, Wilsonville, OR. His main research interests
include design automation and testing of VLSI systems, design for testability, built-in self-test,
and logic synthesis. He has published more than 150 research papers in these areas and is co-
inventor of 30 US and international patents. He is also the principal inventor of Embedded
Deterministic Test (EDT™) technology used in the first commercial test compression product
TestKompress®. He is co-author of Arithmetic Built-In Self-Test for Embedded Systems
published by Prentice Hall in 1997. He was co-recipient of the 1993 Best Paper Award for the
paper on logic synthesis published in the [EEE Transactions on Computer-Aided Design of
Integrated Circuits and Systems, co-recipient of the 1995 and 1998 Best Paper Awards at the
IEEE VLSI Test Symposium, co-recipient of the 1999 and 2003 Honorable Mention Awards at
the IEEE International Test Conference, as well as co-recipient of the 2006 IEEE Circuits and
Systems Society Donald O. Pederson Outstanding Paper Award recognizing the paper on
embedded deterministic test published in the /IEEE Transactions on Computer-Aided Design of
Integrated Circuits and Systems. Dr. Rajski has given presentations at all major international
conferences in the area of testing. He has also presented advanced seminars and tutorials to many
companies in Europe, Japan and the USA.

Jerzy Tyszer received the M.Eng (Hons.) degree in electrical engineering from Poznan
University of Technology, Poland, in 1981, the Ph.D. degree in electrical engineering from the
same university in 1987, and Dr. Habilis degree in telecommunications from the Technical
University of Gdansk, Poland, in 1994. From 1982 to 1990, he was a member of the faculty of
Poznan University of Technology, Poland. In January 1990, he joined McGill University,
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Montreal, Canada where was Research Associate and Adjunct Professor. In 1996, he assumed the
position of Professor at the Institute of Electronics and Telecommunications of Poznan University
of Technology, Poznan, Poland. His main research interests include design automation and
testing of VLSI systems, design for testability, built-in self-test, embedded test, and computer
simulation of discrete event systems. He was co-recipient of the 1995 and 1998 Best Paper
Awards at the IEEE VLSI Test Symposium, the 2003 Honorable Mention Award at the IEEE
International Test Conference, and the 2006 IEEE Circuits and Systems Society Donald O.
Pederson Outstanding Paper Award recognizing the paper on embedded deterministic test
published in the /IEEE Transactions on Computer-Aided Design of Integrated Circuits and
Systems. He has published 7 books, more than 90 research papers in the above areas and is co-
inventor of 21 US and international patents. Dr. Tyszer is co-author of Arithmetic Built-In Self-
Test for Embedded Systems published by Prentice Hall in 1997 and the author of Object-Oriented
Computer Simulation of Discrete Event Systems published by Kluwer Academic Publishers in
1999. In 1999, he was a guest co-editor of the special issue of the IEEE Communications
Magazine devoted to testing of telecommunication hardware. He has served on technical program
committees of various conferences including the IEEE VLSI Test Symposium and the IEEE
European Test Symposium. He is a senior member of the IEEE.
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Tutorial T2

Techniques for the Design of Low Voltage Power
Efficient Analog and Mixed Signal Circuits

J. Ramirez-Angulo, New Mexico State Univ, Las Cruces NM, USA, jramirez@nmsu.edu
Ramon G. Carvajal, Escuela Superior de Ingenieros, Universidad de Sevilla, Sevilla, Spain,
carvajal@gte.esi.us.es

Antonio Lopez-Martin, Universidad Publica de Navarra, Pamplona, Spain,
antonio.lopez@unavarra.es

Abstract

Emerging applications in various fields, such as Ambient Intelligence scenarios or remote
biomedical monitoring, currently demand wireless sensor networks with transceivers having
extremely low power consumption requirements. This is a key issue in order to decrease battery
weight and size and to increase the lifetime of the battery, which usually in these sensing nodes is
not replaceable. To achieve these strict power requirements, several solutions have been proposed
at various layers. At the physical layer, savings in power consumption are achieved by low-
voltage operation and optimized power-to-performance ratio. Supply voltages of 1V (or less) are
anyway mandatory in modern deep submicron technologies to operate reliably due to the
extremely thin oxide. Furthermore reduction of the supply voltage (even of not required) strongly
reduces power consumption in digital circuits since it scales with supply voltage. Although this is
not so simple in analog circuits, they should operate at the same supply voltage than the digital
part in mixed-mode systems to avoid the complexity involved in generating various supply
voltages.

The canonic way of designing analog circuits consist in using high-gain amplifiers with passive
components in negative feedback loops, both in continuous-time or discrete-time form.
Sometimes amplifiers are operated in open loop (e.g. Gm-C filters, some VGAs, etc.), and in this
case a large linear range is required for the amplifier at the expense of gain. In any case,
amplifiers play a key role in analog design, and their power consumption directly impacts that of
the overall analog system. Such amplifiers usually take the form of Operational
Transconductance Amplifiers (OTAs) with high output resistance, typically driving capacitive
loads, or operational amplifiers with low output resistance able to drive low resistive loads.
Besides low-voltage and power-efficient operation, these amplifiers should feature a fast settling
response, not limited by slew rate. Conciliating all these requirements is difficult with
conventional class A topologies, since the bias current limits the maximum output current. Hence
a trade-off between slew rate and power consumption do exists [1]. To overcome this issue, class
AB topologies are often employed. These circuits provide well-controlled quiescent currents,
which can be made very low in order to reduce drastically the static power dissipation. However,
they automatically boost dynamic currents when a large differential input signal is applied,
yielding maximum current levels well above the quiescent currents.

Several class AB amplifiers have been proposed. Most of them are based on adaptive biasing
techniques, by including extra circuitry that increases quiescent currents (e.g. by increasing tail
currents in differential stages). However, often the extra circuits included increase both power
consumption and silicon area, and add significant parasitic capacitance to the internal nodes. Also
positive feedback is often employed to get boosting of dynamic currents, which makes difficult to
guarantee stability considering process and temperature variations. In this work we illustrate the
use of new circuit design techniques to achieve low-voltage class AB amplifiers that combine
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simplicity and power efficiency. These techniques allow introducing class AB operation at the
input stage and at the active load of the amplifier with minimum penalty in other performance
parameters. The tutorial is divided into several sections. Section 2 presents the concept of Super
Class AB amplifiers and various circuit implementations. As an application, a Sample and Hold
circuit is described in Section 3. Section 4 covers the design of class AB amplifiers using quasi-
floating gate transistors. Their application in a VGA and a sigma-delta modulator for a wearable
electroencephalogram monitoring system is described in Section 5.

Speaker Biographies

Jaime Ramirez-Angulo (F’00) received the degree in communications and electronic
engineering (Professional degree), the M.S.E.E. degree from the National Polytechnic Institute
and Director of the Mixed-Signal VLSI Lab at the Klipsch School of Electrical and Computer
Engineering, New Mexico State University, Las Cruces, NM. He was Professor at the National
Institute for Astrophysics Optics and Electronics (INAOE) and at Texas A&M University. His
research is related to various aspects of design and test of analog and mixed-signal very large
scale integrated circuits. He has made numerous contributions to this field which has been
reported in over 400 publications. He has two high technology patents. Prof. Ramirez-Angulo
received the prestigious Westhafer Award, which is the highest faculty award for research merits
at New Mexico State University in Mexico City, and the Dr.-Ing. degree from the University of
Stuttgart, Stuttgart, Germany, in 1974, 1976, and 1982, respectively. He is currently Klipsch
Distinguished Professor.

Antonio J. Lopez-Martin (M’04) received the M.S. and Ph.D. degrees (with honors) from the
Public University of Navarra, Pamplona, Spain, in 1995 and 1999, respectively. Currently, he is
an Associate Professor with the Public University of Navarra, and an Adjunct Professor with the
New Mexico State University. His current research interests include wireless transceivers and
sensor interfaces with emphasis on low-voltage low-power implementations. He has published
more than 200 technical contributions in books, journals, and conferences. He also holds two
international patents, leads various research projects, and is consultant for local companies. Dr.
Lopez was an Associate Editor of the IEEE Transactions on Circuits and Systems—II: Express
Briefs during 2006-2007. He is currently serving as an Associate Editor for the [EEE
Transactions on Circuits and Systems —I: Regular Papers, for the [EEE Latin-American Learning
Technologies Journal, and for other technical journals. His recent awards include the Caja
Navarra Research Award in 2007, the Young Investigator Award from the Complutense
University of Madrid in 2006, the 2005 IEEE Transactions on Education Best Paper Award, and
the European Center of Industry and Innovation (CEIN) Award in 2004 for excellence in transfer
of research results to industry.

Ramoén Gonzalez Carvajal (M’99-SM’04) was born in Seville, Spain. He received the
Electrical Engineering and Ph.D. degrees (with honors) from the University of Seville, Seville,
Spain, in 1995 and 1999, respectively. Since 1996, he has been with the Department of Electronic
Engineering, School of Engineering, University of Seville, where he has been a Lecturer (1996),
Reader (2002) and Professor (2007). He was invited researcher at the Klipsch School of Electrical
Engineering, New Mexico State University (NMSU), Las Cruces, NM, in the summers of 1999
and 2001-2004, and also at the Electrical Engineering Department of Texas A&M University in
1997. He also holds the position of Adjunct Professor at the Klipsch School of Electrical
Engineering, NMSU. He has published more than 70 papers in international journals and more
than 180 in international conferences. His research interests are related to low-voltage low-power
analog circuit design, A/D and D/A conversion, and analog and mixed-signal processing.
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Tutorial T3

Power Reduction Techniques and Flows at RTL and
System Level

Anmol Mathur, Calypto Design Systems, Santa Clara, CA, USA , amathur@calypto.com
Qi Wang, Cadence Design Systems, San Jose, CA, USA, gwang@cadence.com

Abstract

Power reduction is becoming a critical design criterion for ASIC/SOC designers. Reducing both
dynamic and leakage power is imperative to meet power budgets for portable devices as well as
to ensure that the systems that these ASICs meet their packaging and cooling costs. In addition,
the power of an ASIC has a significant impact on its reliability and manufacturing yield.
Traditionally, most automated power optimization tools have focused at gate-level and physical
level optimizations. However, major power reductions are only possible by addressing power at
the RTL and system levels. At these levels, it is possible to make the sequential modifications
needed to reduce power and energy consumption via techniques like sequential clock gating,
power gating, voltage/frequency scaling and other micro-architectural techniques.

The focus of this tutorial will be on techniques for power reduction at the RTL and system level.
It will also focus on expressing power intent at system and RTL levels and the flows needed to
use that power intent in tools for functional verification, RTL-level optimization, logic synthesis
and physical design. The following sections describe the key focus areas in the tutorial.

We will start by discussing the key trends in the semiconductor industry and in CMOS
technology and relate them to the need for power-aware design flows all the way from system-
level design, through micro-architecture definition and RTL design and implementation. We will
then present different power and energy metrics that are used at different points in the design
cycle and for different purposes such as average power of a system, peak power of a system,
energy per cycle etc. We will relate these metrics to their typical use and discuss when a metric
should be used and optimized. State-of—the-art techniques for estimation of power and energy
metrics will be presented including those for software power estimation, energy estimation for
applications on a system, RTL and gate-level power estimation etc. We will discuss both
simulation-based and statistical techniques for estimating switching activity in a design.

Since, creation of system-level models is becoming a standard part of the design flow in most
design teams, we will present typical flows from system-level models to RTL and the kinds of
power/energy tradeoffs done at these levels such as power islands and mode identification,
memory and bus architectures, voltage scaling and scheduling, and identification of clocking
schemes and clock domains.

Since power of a design is a function of how it performs a computation over time, almost all the
major transformations that have significant impact on the power of a design are sequential in
nature — they change the sequence of values generated at key internal registers or memories in
time. We will discuss the sequential optimizations like, sequential clock gating, power gating,
dynamic voltage scaling and memory banking. The impact of these optimizations on verification
and implementation flows will be highlighted and solutions to verification and implementation
issues will be presented.

In the last few years, standards have started emerging to allow designers to express power intent
such as voltage islands and power modes in a design. These are allowing for the same power
intent to be seen by all the tools in the RTL flow: RTL simulation, logic synthesis, place and
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route, logic equivalence checking and any other post-layout tools. Both CPF and UPF attempt to
specify this information. We will focus on the key information that the emerging power formats
need to support and how this impacts the RTL design and implementation flow. Specific power
optimizations enabled by such information in implementation tools will also be discussed.

We will conclude the tutorial with a few case studies of specific designs where power
optimization and power-aware design techniques discussed earlier in the tutorial were used.
Practical issues in using these techniques will be highlighted. We will also discuss extensions to
the power formats needed to support system-level to RTL power-aware flows and automatic
optimizations to enable low power design.

Speaker Biographies

Anmol Mathur is the CTO and a co-founder at Calypto Design Systems, a company that is
leveraging sequential analysis techniques for power optimization and sequential equivalence
checking. Prior to Calypto, he was the architect of the datapath synthesis and optimization group
at Ambit Design Systems and Cadence, where he led technology development and productization.
Earlier, Anmol was part of an award-winning team at the MIPS division of SGI that developed
and successfully deployed an RTL to gate-level equivalence checker and property checker within
the MIPS microprocessor division. Anmol holds multiple patents and has published several
papers in the areas of formal verification, logic synthesis, low power optimization and arithmetic
optimization techniques. Anmol has been part of the technical program committee of DAC since
2005 and has participated in the program committees of ICCAD, MTV and MEMOCODE
conferences in the past. He has presented tutorials and invited presentations on sequential
equivalence checking and low power optimization at several conferences and universities over the
last 4 years. Anmol participates in the Format Working Group as part of the Si2 Low Power
Consortium that is defining and standardizing the CPF standard. Anmol received a Bachelor of
Technology in Computer Science and Engineering from the Indian Institute of Technology,
Delhi, where he was awarded a gold medal for highest academic achievement by the institute. He
received an MS and PhD in Computer Science from the University of Illinois at Urbana-
Champaign.

Qi Wang is a Senior Architect in the Front End Design group of Cadence Design Systems. He is
the architect of the low power synthesis technology in RTL-Compiler and the Common Power
Format before it was donated to Si2. Currently he is responsible for driving R&D activities in
Power Forward Initiative and CPF based low power flow aross Cadence products. He is also one
of the architects of the Si2 Low Power Coalition and vice Chair of the Format working group. His
research interests include low power synthesis, high level synthesis and timing optimization. He
had more than 20 papers published in various international conferences and journals. He also
holds several US patents on synthesis and low power technologies. Dr. Wang holds a B.S. degree
in Applied Electronics from Shanghai Jiao Tong University, an MSEE degree from Southern
Illinois University and a Ph.D degree in Electrical and Computer Engineering from University of
Arizona.
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Tutorial T4

Security and Dependability of Embedded Systems: A
Computer Architects’ Perspective

Jorg Henkel, University of Karlsruhe, Karlsruhe, Germany, henkel@informatik.uni-karisruhe.de
Vijaykrishnan Narayanan, Pennsylvania State University, USA, vijay@cse.psu.edu

Sri Parameswaran, University of New South Wales, Australia, sridevan@cse.unsw.edu.au
Roshan Ragel, University of Peradeniya, Sri Lanka, roshanr@ce.pdn.ac.lk

Abstract

Designers of embedded systems have traditionally optimized circuits for speed, size, power and
time to market. Recently however, the dependability of the system is emerging as a great concern
to the modern designer with the decrease in feature size and the increase in the demand for
functionality. Yet another crucial concern is the security of systems used for storage of personal
details and for financial transactions. A significant number of techniques that are used to
overcome security and dependability are the same or have similar origins. Thus this tutorial will
examine the overlapping concerns of security and dependability and the design methods used to
overcome the problems and threats. This tutorial is divided into four parts: the first will examine
dependability issues due to technology effects; the second will look at reliability aware designs;
the third, will describe the security threats; and, the fourth part will illustrate the countermeasures
to security and reliability issues

Part I: Dependability Issues due to Technology Effects and Architectural Countermeasures
Moore’s law has been in place for more than four decades. Each new technology node provided
advantages in basically all major design constraints (performance, power, area, etc.). When
migrating to upcoming technology nodes it will become obvious that this win-win situation soon
will be at an end. Or, in other words, in future it becomes far more difficult and expensive to
migrate to new technology nodes. One major point is an inherent undependability which will
become a challenging problem. Undependability addressed within this part of the tutorial is
related to a) Fabrication and Design-Time Effects like “Yield and Process Variations” and
“Complexity” as well as b) run-time effects as “Aging Effects”, “Thermal Effects” and “Soft
Errors”. The first part of this tutorial will give the details of these effects and a prospect of how
these effects might influence future architectures for embedded systems. An overview of selected
state-of-the-art paradigms and approaches is given including a focus on organic computing
principles as well as run-time adaptive embedded processor architectures that can deal with
dependability issues.

Part I1: Reliability Aware Design for Embedded Systems

Design of robust embedded systems meeting stringent quality, reliability, and availability
requirements is becoming increasingly difficult in advanced technologies. The current design
paradigm which assumes that no gate or interconnect will ever operate incorrectly within the
lifetime of a product must change to cope with such failures. New architectural features are
required for robust system design with built-in mechanisms for failure tolerance, detection and
recovery during normal system operation. This part of the tutorial will focus on new design
techniques required for building robust systems: concurrent error detection, recovery, and self-
repair. A broad spectrum of circuit-level, logic-level, micro-architectural, hardware subsystem,
and software techniques will be covered; the associated trade-offs among techniques will be
presented. Implemented protection mechanisms are determined by a complex evaluation of power
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and performance requirements and constraints, in addition to the vulnerability of specific circuits
or structures to failures.

Part I11I: Security Attacks in Embedded Systems

Security of embedded computing systems is becoming a paramount concern as these devices
become more ubiquitous, contain personal information and are increasingly used for financial
transactions. Security attacks targeting embedded systems illegally gain access to the information
on these devices or destroy information. Security threats in embedded systems could be classified
by the means used to launch attacks. Typical launch methods are: physical, logical/software-
based and side-channel/lateral attacks. Physical attacks refer to unauthorized physical access to
the embedded system itself and are feasible only when the attacker has direct access to the
system. Logical attacks exploit weaknesses in logical systems such as software or a cryptographic
protocol to gain access to unauthorized information. Logical attacks are deployed easily against
systems which are able to download and execute software and have vulnerabilities in their design.
Side-channel attacks are performed by observing properties of the system (such as power
consumption, electromagnetic emission, etc.) while the system performs -cryptographic
operations. This part of the tutorial highlights the most popular attacks on embedded computing
systems.

Part 1V: Countermeasures Against Security Attacks

A wide range of techniques have been proposed in the past to detect and counter security attacks
in embedded devices. They could broadly be categorised into software based techniques and
hardware assisted techniques. Software based techniques use software tools such as code
analyzers and methods such as proof-carrying-code to overcome these attacks without changing
the architecture of the processor. Hardware assisted techniques use additional hardware blocks or
microarchitectural support to detect and protect against these security attacks. The talk gives an
overview of countermeasures against logical and side-channel attacks. The most prominent up-to-
date countermeasures are discussed in detail.

Speaker Biographies

Jorg Henkel is currently with Karlsruhe University (TH), Germany, where he is directing the
Chair for Embedded Systems CES. Before, he was with NEC Laboratories in Princeton, NJ. His
current research is focused on design and architectures for embedded systems with focus on low
power and reliability. Dr. Henkel has organized various embedded systems and low power
ACM/IEEE conferences/symposia as General Chair and Program Chair and was a Guest Editor
on these topics in various Journals like the IEEE Computer Magazine. He is/has been a steering
committee member of major conferences in the embedded systems field like at ICCAD and is
also an editorial board member of various journals like the IEEE TVLSI. He has given full/half-
day tutorials at leading conferences like DAC, ICCAD, DATE etc. Dr. Henkel is the Editor-in-
Chief of the ACM Transactions on Embedded Computing Systems (ACM TECS) and holds nine
US patents.

Vijaykrishnan Narayanan is currently at the Computer Science and Engineering and Electrical
Engineering Departments at Penn State. He is a member of the Embedded and Mobile Computing
Design Center and his research/teaching interests are in the areas of energy-aware reliable
systems, embedded systems, on-chip networks, system design using emerging technologies (3D
and Nano) and computer architecture. His research is supported by grants from National Science
Foundation, The Technology Collaborative, and DARPA. He leads an interdisciplinary project
funded by NSF that has set up a one-of-a-kind accelerated soft-error testing facility at the Penn
State Nuclear reactor. Dr. Narayanan is actively involved with various technical service activities.
He served as general co-chair, ISVLSI 2002; general-chair, ISVLSI 2003; vice-general chair,
Nanonets 2007, and as program co-chair for GLSVLSI 2006, Nanonets 2006, and ISLPED 2007.
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He serves on the steering committees of ISVLSI and GLSVLSI conferences. He is currently the
editor-in-chief of the ACM Journal on Emerging Technologies in Computing Systems. He also
serves on editorial boards of /EEE Transactions on CAD and the Journal of Low Power
Electronics. He has offered full-day tutorials at major architectural conferences including
ASPLOS, ISCA and PACT on reliability and low-power.

Sri Parameswaran is a Professor in the School of Computer Science and Engineering,
University of New South Wales. His research interests are in Systems Security of SoCs and
MPSoCs, System Level Synthesis, Low power systems, High Level Systems and Network on
Chips. He has served on the Program Committees of numerous International Conferences, such as
the Design Automation Conference (DAC), Design and Test in Europe (DATE), the International
Conference on Computer Aided Design (ICCAD), the International Conference on
Hardware/Software Codesign and System Synthesis (CODES-ISSS, as TPC chair), and the
International Conference on Compilers, Architectures and Synthesis for Embedded Systems
(CASES). He is also an associate editor of the ACM Transactions on Embedded Computing
Systems, and the EURASIP Journal on Embedded Systems.

Roshan Ragel is a Lecturer at the Department of Computer Engineering, University of
Peradeniya since December 2002. He completed his B.Sc. Engineering (Honours I) degree in
November 2001 (Peradeniya) and his PhD in June 2007 (University of New South Wales -
Embedded Systems Lab). His research interests include secure embedded processors, rapid
embedded hardware/software co-design, and micro-architectural support for secure and reliable
computing. Mostly, he works on secure embedded systems, mainly countermeasures against
code-injection attacks. Amongst his published works is the book Microarchitectural Support for
Security and Reliability: an Embedded Systems Perspective.
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Tutorial TS
Design for Manufacturability and Reliability in Nano Era

Goutam Debnath, Intel Corporation, Hillsboro, OR, USA, goutam.debnath@intel.com
Paul Thadikaran, Intel Corporation, Hillsboro, OR, USA, paul.thadikaran@intel.com

Abstract

The bottom line of any company is to maximize the profit from any given product. There are
many factors influencing the product design resulting in a profitable business. One of the biggest
factors is the manufacturability of the product. It is becoming more and more crucial to meet the
6+6 (6 months for the development and 6 months for qualifying the product to ship to customer)
product life cycle to accommodate the rapid changing technology hungry market demand.
Smooth, reliable, and efficient product ramp through manufacturing is the key of success for
meeting TTM, capturing higher percentage of total available market (TAM).

This tutorial is going to address the difficulties industries are facing today in designing
manufacturing friendly highly complex giga-scale products in submicron technology. As we are
heavily into deep submicron era, the error margin or the tolerance guard band is getting tighter
and tighter with respect to the previous generation of fabrication process. On this note, it is
important to pay attention to Design For Manufacturing (DFM) related issues early in the design
cycle as oppose to later in the design. These include, however not limited to, all kinds debugging
hooks in the design for easy debugging of billion of transistors in a given design, paying attention
to manufacturing friendly physical design rules, making sure of adequate test coverage to toggle
most of the design nodes, making sure optimal guard band is implemented for transistor
degradation for the lifetime of the product, and last but not least, all reliability (ESD, EM/SH, LU,
etc) related issues are resolved in pre-silicon design before Tape out. In the past, manufacturing
issues were not given much attention; time has changed and designers must have to be more
sensitive than ever before in addressing manufacturing related issues early in the design cycle.

In a nut shell, this tutorial will capture the must have knowledge for design engineers
(irrespective of front-end or back-end) who are involved in high performance VLSI design, as
DFM features moving upstream in the design cycle. Audience will walk out with a good
understanding on how to integrate specific manufacturing concerns into a product’s design to
obtain a product that is easier to manufacture with excellent overall quality in a shortest
development time.

This tutorial covers the following main topics in detail:

1. Introduction:
a. 6+6 product development strategy and overview
b. Technology Trend of VLSI products in the current design environment
c. Design trend (Power optimization, verification complexity)
d. High volume manufacturability challenges, such as Cost of test, DPM, reliability

issues
2. DFT:
a. DFT strategy & planning
b. Fault models
c. DFT features in nanotechnology designs
d. DFT Features for test cost optimization
e. Special test structures
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3. Design for reliability:
a. FIT estimation for Design
b. Design features for reliability improvement
c. Design for Burn-in support
d. Design for transistor degradation
e. ESD for high speed 10
f. EM/SH requirement and it’s verification
4. Design for manufacturability:
a. Process and Layout interaction and specific guidelines to reduce manufacturing
defect
b. Manufacturing friendly design rules
c. Opportunistic usage of special cells to improve design yield
5. Post silicon Validation process for reliability and manufacturability:
a. Wafer and Package Test characterization

b. ESD/EM/SH/BI validation

c. HVM platform for DPM measurement

d. Test flow optimization

e. Test hole resolution process and DPM bucketing
Speaker Biographies

Goutam Debnath received a M.S. in Physics from University of St Louis, Missouri, USA and a
M.S. in Electrical Engineering from Southern Illinois University, Carbondale, USA. Goutam is in
the board of Industry Advisory Council for Electrical and Computer Engineering Department of
Southern Illinois University. Goutam is the Intel QPI Technology Execution lead (TXT) and
Manufacturing Program Manager (MPM) in Server Platform Group (SPG). He has acted as a
manager on various microprocessor designs focusing on design, design automation. He has done
15 Intel based desktop processors and 4 Xeon processor in last 17 years of Intel’s professional
carrier. Goutam’s primary focus is on achieving higher manufacturing excellence and smooth
enablement of QPI technology across the industry. Goutam has published and co-authored 9
technical papers in numerous conference including IEEE and VLSI conference. He has two USA
patents on clock distribution in control logic blocks and shared power grid distribution
respectively.

Paul Thadikaran received his Ph.D. in Computer Science from State University of New-York,
Buffalo. He is currently a Principal Engineer at the Client Platform Architecture Group in Intel
Corporation and focused on development of next generation client platform architecture. He has
been involved in various aspects of design and test of previous four generations of Intel’s 1A-32
CPU. He has managed design methodology development, CAD tool development and standard
cell library development targeted for CPU designs for past seven years. His areas of interest
include methods and algorithms for test VLSI design, test and platform architecture. Paul has
published more than 20 papers in IEEE/Intel conferences and journals. He has also co-authored a
book on Ig4q Testing published by Kluwer Academic Press. Paul has refereed several IEEE and
ACM journals such as IEEE Transactions on CAD and ACM Transactions on Design Automation
in Electronic Systems (TODAES). He has also offered tutorials on high performance design and
test at various International and Intel audiences.
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Tutorial T6
Negative Feedback System and Circuit Design

Nagendra Krishnapura, Indian Institute of Technology, Madras, India, nagendra@iitm.ac.in
Shanthi Pavan, Indian Institute of Technology, Madras, India, shanthi.pavan@jiitm.ac.in

Abstract

The negative feedback amplifier structure using an ideal integrator is derived. The time domain
and frequency domain descriptions of the integrator are discussed. The response of the negative
feedback amplifier in the time and frequency domains is analyzed. From these general
conclusions are drawn about the behavior of negative feedback amplifiers.

The ideal integrator is realized using controlled sources and passive elements. This realization
clearly shows the cause for finite dc gain in real opamps. The effects of finite dc gain are
analyzed. Relationships between amplifier specifications such as speed and accuracy and opamp
parameters such as unity gain frequency and dc gain are derived.

Methods of increasing the dc gain to improve accuracy are discussed. These lead to multistage
amplifiers. The response of such systems in time and frequency domains are analyzed. It is shown
that multistage amplifiers are potentially unstable. Stability conditions for negative feedback
systems are discussed.

The gain around the negative feedback loop is computed. The significance of loop gain is
illustrated. Stability criteria related to the loop gain such as phase margin and Nyquist’s criterion
are discussed. Frequently used criteria such as phase margin are clarified.

Multistage amplifiers are essential for realizing high accuracy. Different techniques of realizing
high gains while retaining stability-increasing the output resistance, miller compensation, and
feedforward compensation are shown.

There are various opamp architectures: folded/telescopic cascode; two stage miller compensated;
feedforward compensated; and three stage. The design procedures for the two stage miller
compensated opamp, the feedforward compensated opamp, and the three stage opamp are shown.
These opamps will be compared in terms of their performance parameters-bandwidth, noise,
power dissipation, slew rate, output swing.

The design of a 350MHz bandwidth continuous-time active-RC filter using feedforward
compensated opamps is shown. Measurement results from chips designed at IIT Madras illustrate
the benefits of the feed-forward opamp architecture for low power applications.

The design details of a three stage opamp with a DC gain exceeding 100dB is shown. The
constraints on the design of different stages are evaluated. Simulation results of the opamp
illustrate its suitability for a high precision application.

Speaker Biographies

Nagendra Krishnapura is an Assistant Professor of Electrical Engineering at the Indian Institute
of Technology, Madras in Chennai. He obtained the B.Tech degree in Electronics and
Communication Engg from the Indian Institute of Technology, Madras in 1996 and the masters
and doctoral degrees from Columbia University, New York in 1998 and 2000 respectively.
Between 2000 and 2005, he worked as a senior design engineer at Celight, Inc. and Multilink
(later Vitesse Semiconductor) where he designed integrated circuits for high speed broadband
communications. Since June 2005, he has been with the Department of Electrical Engineering of
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the Indian Institute of Technology Madras, where he teaches, conducts research and consults for
several companies in the areas of high speed analog circuit design and signal processing.
Nagendra has been an adjunct faculty member at Columbia University, New York, where he
taught several advanced courses on analog design. He is also involved in improving expertise in
the areas of analog and mixed signal design in India through the Prof. K. Radhakrishna Rao
foundation. He and Dr. Shanthi Pavan presented a tutorial on continuous time delta sigma data
converters at the VLSI conference in 2008. Nagendra Krishnapura is an associate editor of /[EEE
Transactions on Circuits and Systems, Part 11: Express Briefs.

Shanthi Pavan is an Assistant Professor of Electrical Engineering at the Indian Institute of
Technology, Madras in Chennai. He obtained the B.Tech degree in Electronics and
Communication Engg from the Indian Institute of Technology, Madras in 1995 and the masters
and doctoral degrees from Columbia University, New York in 1997 and 1999 respectively. From
1997 to 2000, he was with Texas Instruments in Warren, New Jersey, where he worked on high
speed analog filters and data converters. From 2000 to June 2002, he worked on microwave 1Cs
for data communication at Bigbear Networks in Sunnyvale, California. Since July 2002, he has
been with the Department of Electrical Engineering of the Indian Institute of Technology Madras,
where he teaches, conducts research and consults for several companies in the areas of high speed
analog circuit design and signal processing. Shanthi Pavan serves on the editorial board of the
IEEE Transactions on Circuits and Systems, Part I: Regular Papers. Apart from having taught
several short courses in industries (like Texas Instruments, ST Microelectronics, National
Semiconductor, Genesys Microsystems and many others), Shanthi has offered a tutorial on
System Level Aspects of A/D Converter Design in the VLSI Design Conference in Hyderabad in
2006 and, with Nagendra Krishnapura, a tutorial on oversampled delta sigma data converters in
2008. He is also involved in improving expertise in the areas of analog and mixed signal design in
India through the Prof. K. Radhakrishna Rao foundation.
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Tutorial T7-A
Synthesis and Testing for Low Power

Ajit Pal, Indian Institute of Technology, Kharagpur, India, apal@cse.iitkgp.ernet.in
Santanu Chattopadhyay, Indian Institute of Technology, Kharagpur, India,
santanu@ece.iitkgp.ernet.in

Abstract

In recent years, power dissipation has emerged as the key issue not only for portable computers
and mobile communication devices, but also for high-end systems. Reducing power dissipation
is of primary importance in achieving longer battery life in portable devices. On the other hand,
for high-end systems the cooling and packaging requirements are pushing the chip designers for
low power alternatives. As a consequence, apart from the size, cost and performance, now-a-
days power is also considered as one of the most important constraints. This has led to vigorous
research in the synthesis of low-power and high-performance circuits and systems. Moreover,
aggressive device size scaling used to achieve high-performance leads to increased variability
due to short-channel and other effects. This, in turn, leads to variations in process parameters
such as, Ly N, W, T, V,, etc. Performance parameters such as power and delay are
significantly affected due to the variations in process parameters and environmental/operational
(Vaa, temperature, input values, etc.) conditions.

Due to variability, the design methodology in the future nanometer VLSI circuits will
essentially require a paradigm shift from deterministic to probabilistic and statistical design
approach. The tight constraint on power dissipation has also created new challenges for testing
low power VLSI circuits, as the traditional test techniques do not account for power dissipation
during test application. It is now an accepted truth that test power is often much higher than the
power consumed in normal operation, due to voluminous test data, test parallelization and the
low correlation between successive test patterns.

The objective of this tutorial is to provide an overview of different aspects of low power circuit
synthesis at various levels of design hierarchy. It will introduce techniques to optimize the
performance and power in the presence of process variations. Low power testing techniques
will also be discussed.

Topic outline:

1. Introduction and sources of power dissipation (30 minutes)

2. Switching power reduction techniques (30 minutes)

3. Leakage power reduction techniques under process parameter variation (30 minutes)
4. Importance of test power reduction (30 minutes)

5. Power minimization strategies for internal testing (30 minutes)

6. Power minimization strategies for external testing (30 minutes)

Speaker Biographies

Ajit Pal is currently a Professor in the Department of Computer Science and Engineering at
Indian Institute of Technology Kharagpur. He received his M. Tech. and Ph.D. degrees for the
Institute of Radio Physics and Electronics, Calcutta University in 1971 and 1976, respectively.
Before joining IIT Kharagpur in the year 1982, he was with Indian Statistical Institute (ISI),
Calcutta, Indian Telephone Industries (ITI), Naini and Defence Electronics Research
Laboratory (DLRL), Hyderabad in various capacities. He became full Professor in 1988 and
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served as head of Computer Center from 1993 to 1995 and head of the Computer Science and
Engineering Department from 1995 to 1998. His research interests include Embedded Systems,
Low-power VLSI Circuits, Sensor Networks and Optical Communication. He is the principal
investigator of several Sponsored Research Projects including Low Power Circuits sponsored
by Intel, USA. He has over 125 publications in reputed journals and conference proceedings
and a book entitled Microprocessors: Principles and Applications published by Tata McGraw-
Hill. He is the Fellow of the IETE, India and Senior Member of the IEEE, USA. The presenter
has introduced a PG-level course entitled Low Power Circuits & Systems, which has become
increasingly popular in IIT Kharagpur in the last couple of years. He has also delivered
seminars on this topic in several places and coordinated a 2-week long workshop in the summer
of 2007 as part of a project sponsored by the Department of Electronics, Government of India.

Santanu Chattopadhyay is currently an Associate Professor in the Department of Electronics
and Electrical Communication Engineering at Indian Institute of Technology Kharagpur. He
received his B.E. degree in Computer Science and Technology from Calcutta University in
1990. In 1992 and 1996 he received his M. Tech in Computer and Information Technology and
PhD in Computer Science and Engineering degrees respectively, both from Indian Institute of
Technology Kharagpur. Before joining IIT Kharagpur, he was with B.E. College, Howrah,
West Bengal, and Indian Institute of Technology, Guwahati. His research interests include CAD
tools for low power circuit design and test, System-on-Chip testing, Network-on-Chip design
and test. He has got a number of projects on these topics from Dept. of Science & Technology,
Govt. of India, Dept. of Information Technology, Govt. of India, and Motorola (India) Pvt. Ltd.
He has more than 110 publications in refereed international journals and conferences. He is the
co-author of the book on Additive Cellular Automata — Theory and Applications, published by
the IEEE Computer Society Press in 1997. He has also written two text books on Compiler
Design and System Software, published by Prentice-Hall of India, in 2005 and 2007,
respectively. He has delivered many lectures on these topics at various forums.
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Tutorial T7-B

Power Management for Mobile Multimedia: From Audio
to Video and Games

Samarjit Chakraborty, National Univ. of Singapore, Singapore, samarjit@comp.nus.edu.sg
Ye Wang, National Univ. of Singapore, Singapore, wangye@comp.nus.edu.sg

Abstract

Multimedia applications today constitute a sizeable workload that needs to be supported by a host
of mobile devices ranging from cell phones, to PDAs and portable game consoles. Battery life is a
major design concern for all of these devices. Whereas both — the complexity of multimedia
applications and the hardware architecture of these devices — have progressed at a phenomenal
rate over the last one decade, progress in the area of battery technology has been relatively
stagnant. As a result, currently a lot of effort is being spent to develop high-level power
management and application tuning techniques to minimize energy consumption and thereby
prolong battery life. Such techniques include dynamically scaling the underlying processor’s
voltage and clock frequency in response to a time-varying workload, powering down certain
system components when not being frequently used, and backlight scaling in LCDs with
controlled image-quality degradation. Some of the application tuning techniques include
selectively ignoring certain perceptually-irrelevant computations during audio decoding, and
injecting metadata with workload information into video clips which can then be used to
accurately estimate the decoding workload at runtime for better power management.

In this tutorial, we plan to give a comprehensive overview of this area and discuss power
management schemes for a broad spectrum of multimedia applications. In particular, we will talk
about several power management and application tuning techniques specifically directed towards
audio decoding, video processing and interactive 3-D game applications. Starting from the basics
of power management for portable devices, we will discuss the necessary mathematical
techniques, give high-level overviews of relevant algorithms and also present the hardware setup
that is necessary to perform research and development in this area.

The main objective of this tutorial will be to cover various techniques for power management for
audio, video and graphics-intensive game applications running on battery-operated portable
devices. In particular, we would illustrate how power management techniques differ for audio,
video and game applications and would present a number of techniques for each of these classes
of applications. We would also give an overview of open research problems and the challenges
facing this area. Finally, we would describe some of the hardware platforms that we have been
using to conduct research in this domain and give demonstrations of selected power management
techniques.

Speaker Biographies

Samarjit Chakraborty is an Assistant Professor of Computer Science at the National University
of Singapore. He obtained his Ph.D. in Electrical and Computer Engineering from ETH Zurich in
2003. For his Ph.D. thesis, he received the ETH Medal and the European Design and Automation
Association’s “Outstanding Doctoral Dissertation Award” in 2004. His work has also received
Best Paper Award nominations at DAC 2005, CODES+ISSS 2006 and ECRTS 2007, all of which
are premier conferences in the real-time/embedded systems area. Samarjit’s research interests are
primarily in system-level power/performance analysis of embedded systems. He has extensively
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published in major research forums on this topic including DAC, DATE, CODES+ISSS, ASP-
DAC, RTSS and RTAS, and regularly serves on the technical program committees of many of
these conferences. Over the last few years he has been working on various problems specifically
related to power management of multimedia applications and have co-authored several papers
and patents in this area. He has given invited talks on various topics related to design, modeling
and analysis of embedded systems at various universities and industrial labs, including UC
Berkeley, MIT, CMU, Philips, General Motors and Creative Technology Labs. His experience
with conducting tutorials include (i) a tutorial at the IEEE International Conference on
Multimedia & Expo (ICME) at Amsterdam in July 2005, entitled “Multimedia Processing on
Multiprocessor SoC Platforms: What should Multimedia System Developers know about
Architectural Design, Performance Analysis and Platform Management?” (jointly with Radu
Marculescu from CMU and Paul Stravers from Philips Research), (ii) a half-day solo tutorial at
the ACM Multimedia Conference (MM) at Santa Barbara in October 2006 on “Flexible
Modelling and Performance Debugging of Real-Time Embedded Multimedia Systems”, (iii) a
tutorial at the VLSI Design Conference at Bangalore in January 2007 on ‘“Performance
Debugging of Complex Embedded Systems” (jointly with Abhik Roychoudhury from NUS), (iv)
a tutorial at the ARTIST2 Winter School on Modelling, Testing, and Verification for Embedded
Systems (MOTIVES) at Trento, Italy in February 2007 on “Interactive Performance Debugging
of Real-Time Systems”, (v) tutorial at the VLSI Design Conference at Hyderabad in January
2008 on “Programming and Performance Modelling of Automotive ECU Networks” (with S.
Ramesh, General Motors R&D - India Science Lab), and (vi) a tutorial at the Design, Automation
and Test in Europe Conference (DATE) at Munich in March 2008 on “Formal Methods in
System and MpSoC Performance Analysis and Optimisation” (with Rolf Ernst from TU
Braunschweig, Kai Richter from Symtavision, Hans Sarnowski from BMW, and Marco Bekooij
from NXP).

Ye Wang received his Dr.-Tech. degree from the Department of Information Technology,
Tampere University of Technology, Finland. In 2001, he spent a research term at the University
of Cambridge, U.K., working with Prof. Brian Moore on compressed domain audio processing.
He is currently an Assistant Professor with the Department of Computer Science, School of
Computing, National University of Singapore. Dr. Wang has had a nine-year career with Nokia
Research Center in Finland as research engineer and senior research engineer, where he worked
on Digital Audio Broadcasting (DAB) receiver prototype development, optimization of
perceptual audio coding algorithms, error resilient audio content delivery to mobile phones and
compressed domain audio processing for multimedia applications on small devices. His research
interests include audio compression and content-based processing, perception-aware and low-
power audio processing, and error resilient content delivery to handheld devices via wireless
networks. He holds a dozen patents in these areas and has published about 30 international
journal and conference papers. He is a member of the technical committee, Coding of Audio
Signals of the Audio Engineering Society; and a member of the Multimedia Communications
Technical Committee, IEEE Communications Society. Dr Wang has also given a number of
tutorials and courses on audio and video processing while at Nokia Research Center Finland and
regularly teaches these topics at the National University of Singapore.
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Tutorial T8
Robust Circuit Design: Challenges and Solutions

Saurabh K Tiwary, Cadence Research Labs, Berkeley, CA, USA, stiwary@cadence.com
Amith Singhee, IBM T J Watson Research Center, Yorktown Hts, NY, USA, asinghe@us.ibm.com
Vikas Chandra, ARM R&D, Sunnyvale, CA, USA, vikas.chandra@arm.com

Abstract

Scaling with Moore’s law is taking us to feature sizes of 32nm and smaller. At these technology nodes
designers are faced with an explosion in design complexity at all levels. In this tutorial we discuss
three somewhat novel and particularly confounding dimensions of this complexity:

® FElectrical complexity: Digital circuit designers have particularly benefited from abstractions
of the underlying MOS devices while designing circuits. For them, a transistor is an ideal
switch and a wire is a perfect short between two nodes. This simplified abstraction is the
driving force behind our capability to design and verify chips with about a billion transistors
today. However, with aggressive device scaling, the properties of the devices that are being
manufactured today are moving further away from the abstractions that we have been using to
verify our designs. In this section of the tutorial, we look at some of the recent trends along
these lines and some of the techniques that designers use to extract ideal functionality from
non-ideal devices. We use design examples, both from analog/mixed-signal (PLL, ADC
design) and digital domain (clock tree, power network, static timing, etc.), as illustrative cases
studies.

® Manufacturing complexity: Minimum feature sizes at 45nm are already a quarter of the
wavelength of light used for lithography. Consequently, imperfections in manufacturing are
unavoidable and large enough to significantly change the intended design, resulting in dreaded
yield loss. Any design today has to satisfy stringent manufacturability and yield requirements.
At the same time, the complexity of critical variation mechanisms renders any simplified
methods, like corner analysis, ineffective. Design methods and tools are being changed at all
levels of the design flow to improve yield prediction and increase manufacturing robustness.
In this vein, this tutorial will cover a broad spectrum of topics: 1) relevant state-of-the-art
manufacturing process steps at 45 nm (193 nm lithography, ion implantation, etc.) and the
physical mechanisms resulting in electrical performance variations, 2) recently proposed
design techniques for mitigating the electrical variability, and 3) recently proposed design
tools for increasing robustness and predicting the yield impact of this variability. We will look
at various design phases from circuit architecture down to post-layout, and at several
applications from SRAMs to ASICs to analog.

® Reliability complexity: With nearly three decades of continued CMOS scaling, the devices
have now been pushed to their physical and reliability limits. Transistors on the latest chips in
45nm technology are so small that some of their parts are just a few atoms apart. Designs
manufactured correctly may become unreliable over time because of mechanisms like NBTI,
gate oxide breakdown and soft errors. The impact of unreliability manifests as time-dependent
variability where the electrical characteristics of the devices vary statistically in a temporal
manner, directly translating into design uncertainty in manufactured chips. Scaling to sub-
45nm technology nodes changes the nature of reliability effects from abrupt functional
problems to progressive degradation of the performance characteristics. The material
presented in this section of the tutorial is intended for designers to form a thorough
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understanding of the physics and models of the various reliability mechanisms. The tutorial
will also introduce various design techniques to make the design more robust, which can be
readily applied to an SoC design.

To successfully optimize any aggressive design in the nanometer regime, a comprehensive
understanding of these challenges and available solutions is essential. We will review the physical
mechanisms underlying these design complexities, along with relevant models, design tools and
techniques for managing them and obtaining design robustness.
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Abstract—This paper presents the VLSI design of a high data
throughput, energy and area efficient data path targeted for
DSP and multimedia applications. Three different
implementations of the reconfigurable data path using static,
dynamic domin