List of Tutorials: January 6-7, 2005.

January 6, 2005

T1 (Full day): Power-Aware design of microprocessors 

Presenter.

Pradip Bose, IBM T. J. Watson Research Center

Research Staff Member and

Manager, Reliability & Power-Aware Microarchitectures

P.O. Box 218, Yorktown Heights, NY 10598; USA

Tel: 914-945-3478; Fax: 914-845-2141

Email: pbose@us.ibm.com

Abstract:

In this tutorial, we present the foundational principles and methodologies behind the design of power-efficient, reliable microprocessors. The stress is on early-stage (pre-RTL) definition at the microarchitecture level, although relevant details from lower levels of design (e.g. logic, circuits and below) are also covered where appropriate. We first cover the topic of pre-silicon modeling to estimate performance, power, temperature and reliability, in the context of target workloads of interest to the design team. We then delve into the definition of the optimal pipeline depth for a microprocessor: a task that is one of the basic initial decisions faced by the design team.  Subsequently, we cover the topic of adaptive microarchitectures: those that are designed to change with variations in the workload, with the goal of maximizing power-performance efficiency, reliability, or both. We address both active (or dynamic) and passive (or static) power in presenting evaluations of various microarchitectural techniques for power management.
Target Audience and Prerequisites:

This tutorial is intended for advanced undergraduate and graduate students, as well as members of supervising members of the faculty, who are interested in pursuing R&D activity in the field of power-efficient, reliable microprocessor architectures. Graduate students and research professors looking for research topics in this field of emerging interest, will find the material especially useful. Practicing chip design and test engineers/architects may also find the material useful, given the current trends in CMOS technology, that make power and reliability first-class design constraints at all levels of the design process.

Prerequisites: Undergraduate-level knowledge of processor architectures, typically acquired through senior-level courses in computer architecture and logic design. Some rudimentary background in CMOS device physics and circuit design will be helpful.

Biographical Sketch of Presenter:

Dr. Pradip Bose is a Research Staff Member and Manager of Power- and Reliability-Aware Microarchitectures, at IBM Thomas J. Watson Research Center, Yorktown Heights, NY. He received his B. Tech. (Hons.) degree in electronics and electrical communication engineering from I.I.T Kharagpur in 1977; and, his M.S. and Ph.D degrees in electrical and computer engineering from University of Illinois, Urbana-Champaign in 1981 and 1983 respectively. He has been with IBM Research since May 1983. Dr. Bose has been involved in the modeling and design of all IBM POWER-series processors, beginning with the original RS/6000 machine. During 1992-95 he was on assignment at IBM Austin, where he led the performance modeling and analysis group in support of the POWER3 processor project. Dr. Bose spent the 1989-90 academic year on a sabbatical leave, working at Indian Statistical Institute, Calcutta, India. His current research interests are in the areas of computer architecture, low power design and modeling, VLSI CAD and testing. Dr. Bose has extensive experience as a tutorial speaker: he has given recent tutorial and invited talks at all of the major architecture conferences:  e.g. ISCA, HPCA, MICRO, ICS, Sigmetrics, and also at ISSCC-2003. He is very active in conference program committees (e.g. ISCA, MICRO, HPCA and many others) and is the current Editor-in-Chief of IEEE Micro magazine. Dr. Bose is a senior member of IEEE.
T2 (Full day): High-Speed Interconnect Technology: On-Chip and Off-Chip 

Presenters:

Sachin Sapatnekar, University of Minnesota, Tel: (612) 625-0025,

Fax: (612) 625-4583, Email: sachin@ece.umn.edu
Jaijeet Roychowdhury, University of Minnesota, Tel: (612)

626-7203, Fax: (612) 625-4583, Email: jaijeet@ece.umn.edu

Ramesh Harjani, University of Minnesota, Tel: (612) 625-4032,

Fax: (612) 625-4583, Email: harjani@ece.umn.edu

Abstract.

Computing needs for business, communications and gaming applications continue to increase. Innovative IC processing and fabrication techniques developed by researchers from around the globe have allowed microprocessor manufacturers to continue their technology scaling trends such that current processors have hundreds of millions of transistors and have clock rates in multiple giga-Hertz. However, interconnect delays, both on-chip and off-chip, are quickly becoming the bottleneck and will limit the maximum performance attainable from device scaling. On-chip RC and RLC delays are becoming significantly larger than gate delays forcing circuit designers to alter basic design methodologies and system designers to alter traditional architectures and design paradigms. This tutorial provides both timely and relevant information for both on-chip and off-chip interconnect technologies. Topics covered in this tutorial include on-chip wire modeling, delay calculations, optimization and design techniques; off-chip interconnect and cross-talk modeling, high-speed I/O transceivers and drivers, binary and multi-level signaling, clock and data recovery circuits, jitter and phase noise modeling. The speakers bring both academic and industrial experience to bear on this critical topic. The tutorial is aimed at senior students and practicing engineers interested in high-performance circuit designs.

Target audience.

The target audience for this tutorial are practicing engineers designing ASICs; in particular, engineers designs high-speed I/O for such ASICs. Graduate students and other researchers in the areas of analog, mixed-signal, I/O design, printed circuit board design would also benefit.

Short biography of each author.

Professors Sachin Sapatnekar, Jaijeet Roychowdhury and Ramesh Harjani are faculty in the Department of Electrical and Computer Engineering at the University of Minnesota. The three speakers are recognized authorities in the fields of on-chip interconnect and high performance digital design; analysis, and simulation of electronic, electro-optical, and mixed-domain systems, and in the design of high-speed and high-frequency  communications circuits.

Prof. Sapatnekar received the B.Tech. degree from the Indian Institute of Technology, Bombay in 1987, the M.S. degree from Syracuse University, NY, in 1989, and the Ph.D. degree from the University of Illinois at Urbana-Champaign in 1992.

Prof. Roychowdhury received the Bachelor’s degree in electrical engineering from the Indian Institute of Technology, Kanpur, India, in 1987, and the Ph.D. degree in electrical engineering and computer science from the University of California, Berkeley, in 1993. 

Prof. Harjani received the B.S. degree from the Birla Institute of Technology and Science, Pilani, the M.S. from the Indian Institute of Technology, New Delhi, and the Ph.D. degree in electrical engineering from Carnegie Mellon University, Pittsburgh, PA, in 1982, 1984, and 1989, respectively. The speakers bring both their industrial and academic experience to bear on material presented.
T3 (Full day): Testing Nanometer Digital Integrated Circuits: Myths, Reality and the Road Ahead 

Presenters:

Prof. Shawn Blanton

Carnegie Mellon University

Email: blanton@ece.cmu.edu

Dr. Subhasish Mitra

Intel Corporation & Stanford University

Email: subhasish.mitra@intel.com

Abstract

High test quality plays a key role in the development of successful products used for building robust computing and communication systems. Hence, high test quality enablers are rapidly becoming "features", just like performance, power-consumption and die size.  A thorough understanding of design and manufacturing process characteristics is required for the analysis and incorporation of test features from very early stages of product planning.  This tutorial will present an overview of the cost of quality, characteristics of manufacturing defects, fault models and new test metrics, new design-for-testability techniques and diagnostics. Myths associated with these test topics will be examined, supporting data from actual designs and manufacturing processes will be presented, and future challenges will be discussed. There will be in-depth discussions on test compression techniques that are essential for nanometer designs. The discussed test compression techniques enable orders of magnitude improvement (reduction) in test cost and pave the path for successful implementation of Built-In-Self-Test features. Ensuring products yield with sufficient quality also requires techniques for identifying and characterizing defects.  This tutorial will also describe state-of-the-art techniques for performing defect diagnosis and how such techniques are key in enabling high-yielding and high-quality products. Supporting data from actual designs and manufacturing processes will be presented.

Targeted audience:

Researchers and practitioners: Since new concepts will be covered and new data will be presented, attendees who have attended test tutorials in the past will also benefit. Since design and process issues will also be discussed together with supporting data, designers, yield engineers, and process developers will also benefit.

Presenters’ biographies:

Shawn Blanton is a professor in the Department of Electrical and Computer Engineering at Carnegie Mellon University where he is the associate director of the Center for Silicon System Implementation (CSSI). He received the Bachelor's degree in engineering from Calvin College in 1987, a Master's degree in Electrical Engineering in 1989 from the University of Arizona, and a Ph.D. degree in Computer Science and Engineering from the University of Michigan, Ann Arbor in 1995. Professor Blanton’s research interests include the verification, test and diagnosis of integrated, heterogeneous systems. He has published over 70 papers in these areas and his patent-pending work on fault tuples has impacted the way test and diagnosis of next-generation IC is performed and several companies are incorporating fault tuple based approaches into their test methodologies. Prof. Blanton has received the National Science Foundation Career Award for the development of a microelectromechanical systems (MEMS) testing methodology. He has worked with several companies including Analog Devices, Motorola (now Freescale) and Delphi in the area of MEMS test and has a patent pending for MEMS built-in self test (BIST).

Subhasish Mitra is a Senior Staff Engineer at Intel Corporation, a Consulting Assistant Professor in the Electrical Engineering Department of Stanford University, and the Associate Director of the Center for Reliable Computing of Stanford University.  His research interests include robust computing, VLSI design and test, and computer architecture.  He received Ph.D. in Electrical Engineering from Stanford University in 2000. At Intel, Dr. Mitra is responsible for developing enabling technologies for Design for Excellence (DFX) – Design for Testability, Reliability, Manufacturability and Debug – in advanced technologies (e.g., 90nm, 65nm, 45nm).  At the Center for Reliable Computing (CRC) of Stanford University, he supervises Ph.D. students and is currently involved with the Stanford CRC test chip experiment projects.  During 2000-2001, he provided consulting at Agilent Technologies in their System Chip Testing program. Dr. Mitra has published more than 60 technical papers in leading conferences and journals, and invented design and test techniques that have seen wide-spread proliferation in the industry.  His most recent award is the Intel Achievement Award, Intel’s highest corporate award, that he received in April 2004 “for the development and deployment of a breakthrough test compression technology.”  He is actively involved with the organization of several IEEE-sponsored conferences.

T4 (Full day): SoC Design Methodology: A Practical Approach

Presenters.

Atul Jain

Texas Instruments Inc, Dallas, USA

E-mail: atuljain@ti.com

Anindya Saha

Texas Instruments Inc, Bangalore, India

E-mail: asaha@ti.com

Jagdish Rao

Texas Instruments Inc, Bangalore, India

E-mail: j-rao@ti.com

Abstract.

Today's deep sub-micron semiconductor technology has enabled large-scale integration of  multi-million gates consisting of reusable intellectual property (IP), on-chip memory and user-defined logic on a single chip. The design of such SoC has introduced several challenges in terms of increased design complexity in the areas of functional verification, timing closure, physical design, signal integrity, reliability, manufacturing test and  package design. This tutorial will discuss a methodology that is based on the successful design of several digital dominated SoCs such as high-speed low-cost communications Processors, VOP and DSL devices, High performance Audio and Video Processors at Texas Instruments. It will provide a complete breadth of digital chip design techniques. In addition, it will cover some issues related to mixed-signal SoC and hierarchical design. Design tradeoffs will be discussed to handle the SoC complexity, and yet meet the time-to-market demands. We will review different methodologies that are followed in the industry to design these chips. Following topics  will be covered with examples to explain design

challenges and the  approaches used to address them:

· Design Planning

· Functional Verification

· Design For Test (DFT)

· Synthesis, Floor-planning, and STA

· Design Closure

· Manufacturing Tests

· Future Challenges
Target audience.

This tutorial will be useful for VLSI design engineers, Design Managers, students, and researchers who would like to get an industrial perspective on SoC design.  This tutorial will also benefit all those folks who want to learn the digital design flow.  Basic knowledge of digital VLSI design will help in understanding the material presented in this tutorial.

Short biography of each author.

Atul Jain has Ph.D. (1994), M.Sc. (1986), and B.E. (1983) degrees.  He is managing SoC  designs in broadband applications at Texas Instruments,  Dallas. He has successfully managed SoC designs in the area of fixed wireless access, voice over packet (VOP),  communications processors, and DSL CPE modems.  He has published several journal and conference papers in the area of binary and multiple-valued logic VLSI design.  He has organized and presented two hands-on tutorials on "Rapid-prototyping of Digital Designs" and a half day tutorial on "SoC Design Methodology". He has also taught several engineering courses at university and technical college levels.

Anindya Saha has M.E. (1996), B. Tech (1993) degrees. In 1996, he joined Texas Instruments (India) where he is currently a Member Group of Technical Staff and working for Broadband Silicon Technology Center. As part of BSTC design team, he has been associated with several chip designs of Communication Processors for Residential Gateway Systems. Presently, he is working as chip architect for SoC designs for DSL CPE modems and is an active participant in improving the design methodology. He has published about 6 external technical conference papers and has filed 3 patents related to his engineering work. He has also presented an invited tutorial on "Introduction to Static Timing analysis" as part of VLSI Design and Test Workshop, 2002.

Jagdish Rao has a B.E degree (1990), and has since been at Texas Instruments (India). Over the past 14 years, Jagdish has worked on several high speed, low-cost DSP devices and ASICs, and successfully led the design methodology and physical implementation of several multi-million, nanometer SoC designs. Prior to this, he was also involved in co-architecting TI's first ASIC standard cell clock distribution system and joint development of standard cell place and route system with a major EDA company. Jagdish has co-authored over 25 publications at various TI internal and external technical conferences and EDA forums. At TI, Jagdish was elected Member Group Technical Staff in 1996 and Senior Member Technical Staff in 2000. He currently leads the Physical Design competency at TI's SoC Design Technology Center and also manages the DSP Physical Design group.
January 7, 2005

T5 (Full day): Test Methodologies in the Deep Submicron Era –Analog, Mixed-Signal and RF
Presenters.

A. Chatterjee,  Professor, Dept of Electrical & Computer Engineering, Georgia Institute of 

Technology, USA

E-mail: abhijit.chatterjee@ece.gatech.edu

A.Keshavarzi

Senior staff research scientist at Microprocessor Research Laboratories Intel Corp,  

Portland, Oregon.

E-mail: ali.keshavarzi@intel.com

A. Patra

Professor, Dept of Electrical Engineering, Indian Institute of Technology, Kharagpur, India
E-mail: amit@ee.iitkgp.ernet.in
S. Mukhopadhyay

Professor, Dept of Electrical Engineering, Indian Institute of Technology,  Kharagpur, India

E-mail: smukh@ee.iitkgp.ernet.in

Abstract.

Technology scaling, combined with high speeds of operation and dense levels of integration have made the problem of testing modern mixed-signal/analog/RF systems- a big challenge. Most modern systems-on-chips are of the “big-D”-“small-A” (D-digital, A-analog) configuration. However, the “small-A” takes up the majority of the production test time incurred in testing these devices. Projected high speeds of operation (5-100 GHz) have made the test problem even more difficult due to the lack of external testers that can test cost-effectively at those speeds. In addition, due to technology scaling, there has been a sharp rise in the pattern sensitive and transient faults. Thus, issues related to on-line testing (OLT) are increasingly becoming important in modern mission critical electronic systems, often mixed signal, where the circuit needs to be monitored continuously without the need for application of test inputs. This tutorial would provide an overview of the above testing challenges, proposed solutions and open problems. An introduction to Testing Challenges in Deep Sub Micron Era will be followed by issues regarding Fault Modeling, DFT, built-in self-test (BIST), as well as built-off self-test (BOST), of Analog and high frequency RF circuits. Issues and conceptual details regarding On-Line Testing will be introduced next, both in the contexts of Digital as well as Mixed Signal circuits. 
Target audience.

The target audience is expected to comprise students, industry professionals and academicians working in the area of VLSI Testing, Design for Testability and development of CAD tools for ATPG/BIST of Mixed Signal and RF circuits designed using deep submicron technology. The audience is expected to know the basics of Digital Design and Testing and Design of Analog and RF circuits.
Short biography of each author.

Abhijit Chatterjee received his Ph.D in electrical and computer engineering from the University of Illinois at Urbana-Champaign in 1990. He worked with the General Electric Corporate Research and Development Center in Schenectady, N.Y. from 1983 to 1992, taking leave to do his Ph.D from 1985-1989. Since 1993, he has been with the School of Electrical and Computer Engineering at the Georgia Institute of Technology where he is currently a Professor.

Ali Keshavarzi received his Ph.D. degree in electrical engineering from Purdue University, West Lafayette, Indiana. He is a senior staff research scientist at Microprocessor Research Laboratories (MRL) of Intel Corporation, Portland, Oregon. 

Amit Patra received the B.Tech., M.Tech. and Ph.D. degrees from the Indian Institute of Technology, Kharagpur in 1984, 1986 and 1990 respectively. During 1992-93 he visited the Ruhr-University, Bochum, Germany as a Post-Doctoral Fellow of the Alexander von Humboldt Foundation. He joined the Department of Electrical Engineering, Indian Institute of Technology, Kharagpur in 1987 as a faculty member, and is currently a Professor.

Siddhartha Mukhopadhyay obtained his B.Tech (Hons.) in Electrical Engg., M. Tech in Automation and Control Engineering and Ph. D in Estimation and Control all from IIT Kharagpur in 1985, 1987 and 1990 respectively. He joined the Department of Electrical Engg., IIT Kharagpur in 1990 and   is currently a Professor.

T6 (Full day): Recent Advances in Verification, Equivalence Checking & SAT-Solvers

Presenters. 

Dhiraj Pradhan

University of Bristol

Mailing Address: Department of Computer Science,

University of Bristol

Bristol, BS8 1UB

UK

E-mail: pradhan@cs.bris.ac.uk

Magdy Abadir, Motorola

E-mail: abadir@ibmoto.com

Mauricio Varea, University of Southampton, UK

Abstract:

Design flow, RTL-verification, Simulation-based techniques, basic concepts of equivalence checking, combinational equivalence checking, ATPG-based techniques, compare point matching, mitering, don’t cares, solver overview (structural verification, BDD-based solvers, SAT-based solvers), Decision Diagrams (BDDs, zBDDs, word-level DDs).

Also to be covered are Concepts in SAT solvers (backtrack-search algorithm, effective techniques, including non-chronological backtracking & Boolean constraint propagation), new EDA-related techniques (covering immediate implications, partial-clauses, local decisions & partial clauses).

Finally, the Tutorial will give an overview of various commercially available tools, & their applicability.  Also to be discussed are future challenges, such as design for verifiability & potential new directions.
Target Audience: 

Practicing engineers, users, & academics, interested in the basic principles & current state-of-the-art.

Tutorial Summary:

Providing an overview of recent developments as well as basic principles of equivalence checking, SAT-Solvers and verification.  Also to provide perspective of practical industrial experiences in the use and development of the tools.

Tutorial keywords:

Design flow, RTL Verification, ATPG based Techniques, Design for Verifiability, Sequential ATPG based Verification Technique, SAT Solvers.

Presenters’ biographies.

Dr. Abadir is with Motorola, working as General Manager of the high  performance tools and methodology, in the Advanced System and Platform group, based in  Austin, Texas.  Before that, Abadir was General Manager of Best IC Labs (a burn-in and test engineering services firm), also Austin-based.  Between 1986 and 1994, Abadir was with Microelectronics and Computer Technology Corporation (MCC), where he ultimately served as Senior technical staff member.  Dr. Abadir additionally, works in the capacity of Adjunct faculty of the Computer Engineering Department at the University of Texas, Austin.

Dr. Mauricio Varea is a researcher at the University of Southampton, UK. He received his Ph.D. in Electronics and Computer Science from the University of Southampton, UK, in 2003. He has taught Microelectronics in M.Sc. courses and C/C++ at undergraduate level. Dr. Varea has co-authored several  technical publications as well as is a referee for top journals and conferences in the field. In 2001, he was a visiting researcher in the Embedded Systems Laboratory, Linkoping, Sweden. He is chairing a session for Systems, Man and Cybernetics-2004 His research interests comprise several aspects of the boundary between hardware and software, both at the high and low level.

Professor Pradhan currently holds a Chair in Computer Science at the University of Bristol (U.K.).  Recently, he had been Professor of Electrical and Computer Engineering Department at Oregon State University, Corvallis.  Previous to this, Dr. Pradhan had held the COE Endowed Chair Professorship in Computer Science at Texas A&M University, College Station, also serving as Visiting Professor at Stanford University (Calif.). The holder of two patents, Dr. Pradhan has also served as co-author and editor of various books. A Fellow of both ACM and IEEE, Professor Pradhan is also the holder of a Humboldt Prize, Germany. In 1997, Dr. Pradhan was also awarded the ’97-’98 Fulbright-Flad Chair in Computer Science.

T7A (Half day): Compact MOSFET Models for Low Power Analog CMOS Design.

Presenter.

A. B. Bhattacharyya (Emeritus Professor)

Affiliation: Jaypee Institute of Information Technology, A-10, Sec-62, Noida, 201 307 (U.P) INDIA

E-mail: abbhattacharyya@yahoo.com

Abstract.

For Low Power CMOS Analog Design the requirements of modeling MOS Devices are both very demanding and stringent. For low power the devices operate at low voltage and low current. The operating regions  of the devices pertain to strong, moderate and weak inversion modes with its characteristics device physics and model parameters. From simulation viewpoint the major concern of model development has been the continuity of current and model parameters in the transition region of these modes of operation. For a compact model for analog design these issues have to be addressed along with the effects of scaling down to submicron level. The tutorial proposes to discuss briefly the following issues:

· Criteria for compact MOSFET model with reference to Low Power Analog Design. 

· Review of two and three terminal MOS capacitor (Definition of Strong, Moderate and Weak Inversion, Threshold Voltage, Capacitance-Voltage Characteristics).

· Long Channel MOSFET’s static characteristics and Memelink-Wallinga  graphical model. EKV (Enz-Krummenacher-Vittoz) MOST model for static drain current in weak, moderate and strong  inversion.
· Quasi Static Small Signal model of long channel MOST as a function of inversion level.
· Non Quasi Static High frequency small signal model for MOST. 
· ACM (Advanced single piece Compact Mosfet model ).
· Noise model for MOSFET in different inversion regions.
· Modification of long channel Analytical MOSFET model due to scaling.

· Quantum effect.

· A brief review of SPICE model parameters as a benchmark.

Target audience.

CMOS Analog/ Mixed-Signal Designers, CMOS RF/low power designers. MOS Device physics researchers.

Short biography of the presenter.

Prof. Bhattacharyya has researched in CMOS analog design for about last 15 years apart from earlier research in MOS technology and device modeling . Have supervised thirty Ph.D students and six of them are on low power CMOS analog design. Presently supervising three Ph.D students in the area of low power CMOS design and compact modeling. Have been involved in the development of low power CMOS hearing aids and ultra low power PACEMAKER buildng blocks. Have taught extensively device model, Analog CMOS Design  at UG and PG level in the universities and delivered lectures for practising engineers in industries. The speaker was the architect and coordinator of microelectronics program at Indian Institute of Technology Delhi during 1974 to 1997. Presently he is organising research and academic program on VLSI and Embedded design at Jaypee Institute of Information Technology, Noida.    

T7B (Half day): Physics and Technology: Towards Low-Power DSM Design

Presenters.

D. Mukhopadhyay

Dept. of Electronics and Telecommunication Engineering, Jadavpur University

E-mail: dmukho@yahoo.com

P. K. Basu

Institute of Radiophysics and Electronics, University of Calcutta.

E-mail. pkb_cal@yahoo.com

V. Ramgopal Rao

Dept. of Electrical Engineering, Indian Institute of Technology, Bombay.

E-mail: rrao@ee.iitb.ac.in
Abstract.

The demand for higher functionality and higher performance at lower cost is the main motivation behind the continuous downsizing of CMOS based ICs. The feature size of individual transistor is shrinking from deep sum-micrometer (DSM) to even nanometer region. As the scale of integration improves, more transistors, faster and smaller than their predecessors, are being packed into a chip. This leads to the steady growth of the operating frequency and processing capacity per chip, resulting in increased power dissipation. A need for low-power VLSI chips arises from such evolutionary forces of integration on circuits. 

The craving for smaller, lighter and more durable electronic products and the increased market demand for portable consumer electronics powered by batteries, translate to low power requirements. Low-power CMOS VLSI finds increasing applications in notebook computers, digital personal communication services having portable multimedia terminals with voice and handwriting recognition facilities. Design of DSM CMOS and its downsizing keeping at the same time power consumption at a manageable level requires deep understanding of the physics involved. 

The hot carrier effects, velocity saturation and overshoot, impact ionization, DIBL, GIDL, punch through, tunneling effects and hot carrier injection through thin gate play important roles in the design of low power devices and also provide a guideline for further scaling of feature size and control of power level. In addition quantum mechanical effects induces a threshold shift and depth of inversion layer. All the present simulation tools need modification to take into account all the effects.  Alternate devices like SiGe HFETs and CMOS on Silicon on Insulator are in the process of evolution. The aim of the tutorial is to cover the basic physics involved in DSM and nanometer sized CMOS ICs, technologies involved and the modeling techniques for low power CMOS and emerging devices. 
Target audience.

· Design engineers working in the area of low-power analog, mixed-signal and digital systems and sub-systems, especially in the DSM regime.

· B. Tech, M. Tech and Ph.D. students either working in the above areas or would like to take it up in future.

Short biography of each presenter.

Prof. D. Mukhopadhyay obtained his M. Tech and Ph. D. degrees from the Institute of Radiophysics and Electronics, University of Calcutta. He joined the Dept. of Electronics and Telecommunication Engineering, Jadavpur University, as a Lecturer in 1969. During the period from 1975 to 1977, he had been an Assistant Professor in the Dept. of Electrical Engineering, Indian Institute of Technology, Madras. He re-joined Jadavpur University in 1977 where he became a Professor in 1983. He specializes in semiconductor materials and devices. He has worked on the high electric-field conduction in compound semiconductors. At Jadavpur University, apart from his teaching and research activities, he had been the principal investigator and co-coordinator in a number of funded projects on ASIC Design, IC Fabrication, Simulation and Modeling of Semiconductor Devices etc. In recent years, Prof. Mukhopadhyay shifted his attention to the Computer Aided Design of Integrated Circuits. With assistance from AICTE and Industries, he set up an Electronic Design Automation (EDA) Laboratory and trained students in this area of industrial importance. He works as the coordinator of the program on "Special Manpower Training Program on VLSI Design" sponsored by the Ministry of Communication and Information Technology. He has delivered several invited talks on “Physics and Modeling Issues in Submicron MOSFETs” and “Low-power Issues in VLSI Design” at conferences and workshops held at various Universities and IITs.  Prof. Mukhopadhyay has published about 35 papers in national and international journals and has presented about 20 papers in various conferences. He is a life member of the Indian Physical Society.   

2. Prof. P. K. Basu

Prof. Prasanta Kumar Basu: B.Sc (Honours in Physics, 1963), B. Tech (1965), M. Tech (1966) and Ph.D. (1971) all in Radio Physics and Electronics, University of Calcutta, joined the Institute of Radio Physics and Electronics as a Lecturer in 1971 where he is currently a Professor and Head of the Department. He spent 1972-73 in Catholic University, Belgium as a postdoctoral fellow, 1977-78 in Wurzburg University, Germany as an Alexander von Humboldt Fellow, and 2001 and 2002 as Visiting Professor at McMaster University, Canada. Prof. Basu did experimental and theoretical work on hot electron transport in n-Si, correctly identifying the scattering mechanisms. He then started work on transport and scattering in quantized Si inversion layers in MOSFETs, and in III-V Quantum Wells. Afterwards he focused on optical processes in nanostructures and optoelectronic device applications. He predicted mobility enhancement in Si/SiGe strained Quantum Wells, subsequently verified experimentally elsewhere. He also worked on Si-based optoelectronics including planar lightwave circuits. Presently he is working on performance modeling of HBTs with SiGe or SiGeC as base and monte-carlo simulation of hot carrier transport in Ge-rich SiGeC layers. Prof. Basu has more than 100 publications in refereed journals, a large number of conference papers and a book entitled “Theory of Optical Processes in Semiconductors: Bulk and Microstructures” (Clarendon Press, Oxford, 1997, 2003). He serves as referees to APS and IoP journals. He is Fellow of IETE and a Member of IEEE.

Prof. V. Ramgopal Rao obtained his M. Tech from IIT Bombay in 1991 and Dr. Ingenieur degree from the Faculty of Electrical Engineering, Universitaet der Bundeswehr Munich, Germany in 1997. His doctoral thesis was on Planar-Doped-Barrier Sub 100 nm Channel Length MOSFETs. He was a DAAD fellow for three years during 1994-1996, and, during 1997-1998, and again in 2001, a visiting scholar with the EE Department, University of California, Los Angeles. He is currently an Associate Professor in the Department of Electrical Engineering, IIT Bombay. Dr. Rao's areas of interest include Physics, Technology and Characterization of Silicon CMOS devices for logic and mixed-signal applications, non-volatile memories, and Bio-MEMS. He has over 130 publications in these areas in refereed international journals and conference proceedings and holds two patents, with three other patents currently pending. Prof. Rao is an Editor for the IEEE Transactions on Electron Devices in the CMOS Devices and Technology area. He is also a distinguished speaker identified by the IEEE Electron Devices Society for offering short courses to the industry. He is currently the Chairman, IEEE AP/ED Bombay Chapter, and was organizing committee chair for the 17th International Conference on VLSI Design. He is also a working group member set up by the Govt. of India on Nanotechnology. Prof. Rao is a Senior Member of IEEE and a Fellow of IETE.

T8 (Full day): Architectural, System Level and Protocol Level Techniques for Power Optimization for Networked Embedded Systems

Presenters: 

Luca Benini, Universita De Bologna,Italy; 

Sandeep Shukla, Virginia Tech, USA;

Rajesh Gupta, University of California at San Diego

Dynamic Power Management (DPM) entails employing strategies that yield acceptable trade-off between power/energy usage and corresponding performance penalties. These include heuristic shutdown policies, prediction based shutdown policies, multiple voltage scaling and stochastic modeling based policy optimization. On the other hand, Architectural techniques for power savings include application specific techniques for multi-media hardware systems, and generic techniques such as clock gating, on-line profiling based monitoring and control etc. Other paradigms of architectures such as network on chip (NoCs) target power optimization as well. Protocol level power optimization methods include generic techniques employed in wireless standard protocols, as well as techniques specific to multi-media traffic. DPM strategies get increasingly sophisticated due to improved power manageability of hardware components. In this context, there is a positive feedback in action. Power management techniques show the potential for power savings, and this pushes hardware  developers to support more advanced (finer grained and lower overhead) power management modes. In this tutorial, we will provide an over view of three main issues in three segments, namely, architecture level, system level and protocol level techniques of power minimization and management, how they influence each other.  However, we will not concentrate on low power VLSI techniques. 

Target Audience. 

Researchers, graduate students and industrial engineers working in the area of low power design, power management, embedded software and hardware design are target audiences. No prior knowledge of the field will be assumed, other than understanding of algorithmic methods, system design and standard probability theory, and calculus.
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