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Keynote Address

Intrinsic (but not insurmountable) Barriers to
Gigascale Integration (GSI)

James D. Meindl
Microelectronics Research Center
Georgia Institute of Technology
Atlanta, Georgia 30332

Opportunities for GSI argoverned by a hierarchy of limits whose five leved® becodified as:
fundamental, materiatlevice,circuit and system. This constructiueethodology is extended here

by elucidating the impact o&SI of random dopant atom placement in the channel region of a
MOSFET and random interconnect placement in binkgic networks. Random microscopic
fluctuations in the number and location of dopant atoms in the chdepkdtion region of a
MOSFET induce stochastic variations in device parameters such as threshold voltage, subthreshold
swing anddrain current. The standamkviations of these parameter distributions increase as
device dimensionsre scaled down. These increases in combination with concurrent upward
scaling of the number dMIOSFETSs perchip cause a rapid escalationtbé maximum deviations

of MOSFET parametevalues forthe ensemble of devices within a given die. At svalee of
maximum deviation of threshold voltage, for example, faulty operation of logic circuits ensues. The
effective channel doping concentratib(na),the threshold voltagg(Vts), the subthresholdwing

F(S), andhe drain currenE(ldsat) distributiordensity functiongor a MOSFETwith a nominally
uniform channel doping profile have been determi@adculations of thestandard andnaximum
deviations of threshold voltage, Vtacrossthe technology generations projected by the US
National Technology Roadmajgor SemiconductorgNTRS) indicate alarmingly large 45-89%
maximum deviations of threshold voltafpe the NTRS 2010 010.07mm generation of chips. For
morethan three decades, Rent's radesproven to be a useful empirical relationshigtween the
number of logicgates in a block, Ng , and the number of signal input/output interconnects, Ni/o ,
of the block. The form of the relationship is Ni/o =3D K(Ngyyhere K and pare=empirical
constants. Rent's rule hibeen applied recursively tosguarearray oflogic gates forthe purpose

of deriving the complete stochastic wire length distribution ofitineyincluding local,semi-global

and global interconnectBor an array of 34.#nillion gates assumed to limplemented with 0.l
micron or 2007 generatidachnology in a diarea of 1100nmz2, this distribution density function

is typically described by values of K in the range of 4 and p in the rar@é.dfe chip includes
approximatelyl07 wires less than three gate pitcheseimgth and a single wir@, 700 gatepitches

in length. About 93% of the wirege less than 25 gapéches in length and consuraely 23% of
thetotal interconnect length on thehip. Interconnects longénan 220 gatgitches constitute 50%

of the wiring demandbut only 1.1% of the number of interconnects, which underscores the
importance of working with a complete wiring distribution includiigglobal wiring in preparing

a priori estimates of chip wiring demand.
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Keynote Address

Systems on a Chip: The Electronics Industry at a Crossroads

Dr. Aart J. de Geus
President and CEO
Synopsys, Inc.

The electronics industry isnoving rapidly toward the ability to integrate a combination of
electronic systems onto a singthip. This paradigm shift, from placing chips on boards to
combining electronic "building blocks" onto massively compthips, will have astounding
implications for electronic design-and the world at large-for decades to come.

Theemergence adystems on a chip is being driven by the confluence of sdweratitechnology
and market trends. Chip complexity continues to escalatefégtar of 10xeverysix years and
will soon push gate counts into the tensnoiflions. Cost per gate isimultaneously declining in
response to shrinking physical geometries, increasing wafer size, and moapdalty voridwide.
Market demandand the entrepreneurial creation réw ways to satisfy it-particularly in the
consumer, communications, and computer segments-contribute tmaimentum moving us
inexorably toward an era of innovative systems-on-a-chip applications.

Many of the pieces are already in place, but theeestillsomebarriers to breakefore the goal of
systems on a chip can be fully realized. Issoeslving establishedbusiness models, intellectual
property ownership and protectiodgsign portability, design tools and methodologies, and
standards present all of wéth new opportunities for innovation, cooperation, and ovararket
expansion. Issues arghallenges notwithstanding, it is cleduat systems on a chip is both the
future andthe fuelfor new products,new markets, and a evldwide consumer connection to new
forms of information and entertainment.
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Keynote Address

Evolution of Telecom and Multimedia and Their Impact on
System Design Requirements

Bjorn Pehrson
KTH/Teleinformatik, Stockholm, Sweden

Background

The ongoing industrial transformatiosupposedlyleading to an informationsociety, includes a
convergence of cultureand technologies in traditionally separate areas, in particular: media,
telecommunicatiomnd computer technologies. Tle®nvergence is characterized tbgditional products
andservicedisappearing andew innovative servicesnd products ofterappearing withextremely short

life cycles.

A technical basis fothis convergence ithe digitalization. The means of production in these traditionally
separate areas apecomingthe samenow based on computirgnd communications. The rapiobce of
technical developments has created a large difference betvirnspossibleand what igoutinely used.

As a consequence, there is both a stréehnology push and a strong market pull driving the
development of new servicesd products. Thigdevelopmentasbeen accelerated by political actions,
such as deregulation, which have stimulated competition. Wiee of society is affected bthis
convergenceThe turbulent, almost revolutionargace of developmeritasalreadyhit many industrial
sectors.

One of the mostffected areas currently is the telecommunications industry. Telecommmunication
servicesand multimedia are undergoing a transformafimm plain old telephony services (POTS) and
uniformity to chaosanddiversity. Many telecom operators hawaych to their surprisgecentlybecome
awarethat injust a short period of time the traffic their networkshas becomedominated by non-
telephony traffic. In many cases operators retitat morethan80-90% of theirtraffic now is Internet

traffic. This trend is expected to accelerate and make voice traffic increasingly insignificant in comparison
to the volume traffic generated bgther applications. The traditionakrvice and traffic models for
narrowband, point-to-point telephony traffic no longer appropriately describe what is goingtlogirin
networks. Theaelecom industry is literally buildingystemsand networks without knowing muchbout

what theyareused for.The North American telephone industrgsalready reported significant problems

in networks attempting to carry long-lasting time Internet traffic wihery were designed for session
times of the order of 3 minutes in POTS. The traffic characteristics are chaaginthe demand for
network capacity is exploding. Alsthe business modelare changing. Within gear, somezuropean
operators expect a demand frémeir Internetusers for up to 1000 times mdransatlantiacapacitythan

they have been planning for. Is there a market for them to make money providing this growth of capacity?

New applicationsand servicesbring new unknownQoS requirementsand new traffic models. We lack
equipment to measure the traffic, basic mathematical tools to medahalyze the trafficandmodels to
synthesize networks from. On the technology push side, the progress in photonics seems to cause a change
in the bottleneck to processing power framansmission capacitythus leading tmew systemslesign

criteria. Is theformerly clerly defined road of emerging broadband technologies (Broadband ISDN and
ATM) the right way to gowhen they rely heavily on processing capacitymimimize the use of
communication capacity, or should it rather take the opposite course? Together, the new user requirements
and thenew technological prerequisitésing about a revolution. Thereforéhe traditionalmodels and
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architectures have to be replaced. Many emerging technologies will have to be réefacedhey are
successfully launched!

Also computer industry experiences a lot of turbuleradéhough the spirit is morgositive. Will
ubiquitous high-performance Computing&Communication tddes markets from CIxndvideo players
and how much will the network computing paradigm change the PC-market?

In order to understand where tdevelopmentmight lead, andvhere we would like it tdead, it is
important to think ahead in termswagions: Whatind of environment will resuland what do wevant

to have beyond thieeansition period. We cachoose to follow or téead. On the application side, weed
precompetitive cooperation between different actédrsile on thetechnology side, we need to break out

from the traditional R&D paths. Both of these changes are challenging since they require both a change in
vision and a major reallocation of resources and power.

A Technical Vision

A reasonable technical vision for the Global Information Infrastructure (Gll) or the first decade of the 21st
century could be that

* Walls become interactive and connected (at 1-2 Gbit/s) to a global high-performance infrastructure.

» Personal Computingnd Communication (C&C)systemsare integrated in multimodatearables,
including goggles, providing augmented reality by overlaying informatioviewss ofthe realworld,
and providing a billion users with mobile wireleascesqat 10-155 Mbit/s) to a high-performance
infrastructure.

» Personal software assistants help manage information, provide decision support, etc.

* The High-Performance Infrastructure will include high-performance compatidgerver facilities
and support mobile multicast services with dynamic quality of service requiremeahsding the
necessary real-time properties to support interactive distributed applications.

» Distributed switching of terabit/s of aggregate ddkaws from connections with dynamic
characteristics will be supported.

» The cost of personal multimedia communication will be as low as telephone calls today.

It is evidentthat notmany existing, or eveemerging, technologies scale dopewith this vision. GlI
testbeds should therefor®t prescribe any particuléechnology but allow for experiments at levels.
The issues to be explored include:

*  What will future telecommunicatiogsystemsarchitecturebe?The researclecommunityandindustry
should co-operate imdustrial applicatiorprojects to extract realistgystemsequirements as input
to research programs.

« How will they be realisedThis issue requires interdisciplinary researclstiady realisation schemes
with optimal price / performance ratios, from usage scheames man-machine interaction, via
computing and communication systems, to photonics and wireless component technologies.

«  How will we transition to thessystemsandhow will these systemisiteroperate withegacy systems?
Again the research community and industry must interlasely toensure realistic scaling properties
and design migration strategies.

Discussion
I would like to concretize some ohe issues above bgiscussing a selection of vertically integrated
research issues addressihg full rangefrom end-user applications fow-level technical issues and

methodology development which we, as part of our Personal Computing and Communication Center, have
identified as key issues to make the integration of computing&communication happen.
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Applications and New Service Models

To many technologists, thiepic might appear to be of littleelevance for core systerdssign principles.
However, knowledge in this area is vital as we have to understahdrtenfactors issues in order to get
our systems accepted.

* The 21st Century Applications &ervices Modeljncluding QoS and traffic issues:The task of
defining a new service model whidompletely replaces POTS is a trumterdisciplinary issue. It
cannot simply be sorted out in research laboratories, but requiresysieins to be deployed and
field tests to be conducted involvimgal users. The ultimate criteria by whicbw applications will
be judged will probablyemphasize quality of lifand efficiency of organizationsHow (if we could
choose freely) would weke to live, both at workand atour leisure? The user requirememsl
probably emphasize ubiquitous global high-performance mohadeesssupporting synchronous as
well as asynchronous group communication, ahighercostthantelephony services today. Does a
technology providing such services exist? Could we adopt it, even if it existed?

e A generic application: Support for meeting processes, a subproblem of CSCW: The importance of this
application is to wunderstand to what extent humans aaly on a ubiquitous
computing&communication environment. The application should comprise online support for
individual meetings whichmay beeitherface to facemeetings,voice telephone conferencesgideo
conferences, liveboard equipped working group meetings, synchronous computer mediated
communications, asynchronous computer mediated meetimgscould involve use of network
resources for media-on-demand, etc.

* New experimental applications, such as large Scale Collaborative Distri¥iutedl Environments
supporting augmented reality: Distributed Virtugkality (VR) directed towards collaboration
provides a service fdiumancooperation based on 3D. In a distributed VR environmeshaaed,
interactive 3D world is, in real-time, presented to multiple participdiits.technology is currently
being developedvithin the 3ADWWW (VRML) standardisation and by the militarf@ollaboration
within distributed VR for a large number (100-1000) of participants witlgjlolaal scope isurrently
a research activity, buhe technology is being developedth the emergence of theoftware and
hardware infrastructure, including cheap computer hardwacesoftware, group communication
protocols, etc. Distributed VR may prove tothe next generation computer interfaé@subiquitous
computing. It will definitely have an impact on electronic conferencing, meetamgsrtainment,
distributed CAD-based engineering, etc.

« Networked Education - To makke point that thengoing transformation is profound, | will discuss
applications and services from another sector of human society which is in a state of rapid change due
to new technology, deregulati@nd competition: the educationaystem. It is widely acknowledged
as important and often supported by public funds. It also fills a Emggrowing part of ourlives. In
one of thepossible scenarioghe future educatiosystem willbecome adistributed system, or a
"Chaordic" system, according the Visa model. Educational organizatidosus ontheir strengths
and team up irconsortia in which there i§ee competition to contributihe bestlearningservices,
part of global examsThe focus isshifting from group teaching to individualizddarning, from
schedules to just-in-time, ef€he ubiquitous computing & communication concept seems to fit these
trends well.

Systems design issues

* Newterminals -wearables? Gogglesfplants? equipped to support location basedices? Power
consumption?
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Signal processingdymmetric codec technologiesinimizing latency in interactive applications. The
currenttechnologiesare designed to support storaged retrieval of data rathethan interactive
services. Improvedsignal processindor high quality audio, e.g. echo cancellin@he current
technologiesare designedor telephony quality. Layered compression techniques to support group
communication with participants joining via links of different capacity.

Specialized servers supporting realtime applications in high-speed networks: Traditionally, server
computersare generapurpose computers designed Fogh throughpubut without consideration of
real-time guarantees. Many new applications require real-time responses. e.g. in distributed
interactive real-time applications such as distributed virtual reality, video-conferencing, multimedia
information systemsand video-on-demand. Problems the software sideregarding the operating
system and the applications, should be addressed as well as removing bottlettecko#t-interface
hardware and software by designing new architectures.

High-performance infrastructure supportisgemlessntegration of multicast real-timservices for
high performance distributed computirand for mobile accessThe emerging applicationsften
requires real-timexind multicast (group communication) servicasd users would like to have the
same services available when treag mobile as when they accee network via dixed network.
Existing protocolsare not designed to integrate thesmvices. Dynamic acquisition ¢érminal
addresses, dynamic multicast routing involvisgemless handoff of real-time traffic, etre all
research issueand thesolutionsare expected to impose new requirements on both software and
hardware architectures.

Switching vs Routing: "Switch wheyou can androute whenyou have to" is one ofhe rules of
thumb amongodaysinternetwork designers. By means of concepts like "tag switchang" "IP
switching", router designers redefine the meaning of switchird) routing inorder to remove the
processing bottleneck in routers. This will eventually affect the design of switching elements.
Circuit Switching versus Packet Switching Testbed: Processing capaeixpésted to continue to
double everyl2-18 monthsover the nextdecade, which means 100-1000 times mpogverful
processors by 20061owever, transmission capacity iexpected to increase 100 to 1000ewen
10000 times faster due to advances in fibre optics, wavelength division multiplexingThesc..
evolution suggestthat ashift in systemsand network design principles, optimising by usitegs
processingand more transmission capacitynight make itpossible to provide systentsaving
radically better cost/performance ratios. Going for less processidgmore transmission when
designingsystemsand networksmight notonly simplify the desigrand manufacturingput also the
need formanagement in the operation phase, which is currently the owgbfor telecom operators
and it is growing. The shift from traditiontlephony networks to broadband integrater/icesdata
networkshasproven to be much more painfillat anticipatediue to thecomplexity ofthe protocols
chosen earlieMany issuesare notresolved, e.g. congestion control. A deeper analysibedbasic
design principles might result in a re-evaluatiorsofme ofthe very basicdecisions when moving
from circuit-switching to packet/cell-switching. Experimental evaluation of prototypes in testbeds and
pilot user experiments are essential.

Network Management isow the majorcost for network operatoand its share of theudget seems

to increase. The trertdwards separate management networks (TMN) should be revataetsding

on servicemanagement issuesd thepossibility tointegratecore networkmanagement issues in
self-organizing network architectures.

Network Security: In a time of crises, such teade sanctions, regional armed conflicts, terrorist
actions, organized crime, tsarvivability ofthe information infrastructure is essential to itfiernal
security of any society. A futur@med conflict will mosprobablyinclude Information Warfare (IW)
aimed at the infrastructure. "Denial B&rvice" attackgan beexpected even ismall conflicts, in
terrorist actionandeven from petty thiefsAccess tahe Information Infrastructure can kigtually
halted in most countries within hours. There is a neestumy and analysethe vulnerability of the
Infrastructure against attacks. Develop realistic threat evaluaR@m®mmend counter-measures and
operational procedures. Asenart cardsecure enough? Do we want to replaealitionalkey locks

and could we in that case do it reliably enough?
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Design Methodology Issues

» New methods for measuring, modeling and analysis of traffic: Research is needed on new methods for
traffic modelling, analysisand control of chaotic/self-similar traffic research on new generation
broadband networking monitoring architectures, including identification of attributes, specification of
monitoring functionalities needed to support various management functions, investigation of
strategies for efficient data recording, storage, and analysis, prototyping and proof of concept.

» Concurrent engineering of hardware asdftware based on formal methodBhe increasing
complexity of systems&nd components call fothe use of systematic techniques, efficient use of
simulation anddesign for testability to ensure correctness of designs, as well as methods for
performance modelingand analysis, simulationand measurement equipment to optimize
performance. The challenge is to find desigethodologiesthat combine correctnesand high
performance. An evegreater challenge might be to fitess complex designs doitige samgob as
the morecomplex weare working on,and toacceptthem when we find themReducing the
complexity, e.g. by reducing processing, might make use of formal techniques more feasible.

Conclusions

Many traditional truths are being revaluated in the applicatiedsystems levels. Aew examples have
been discussed ithis presentation which withost certainly affedthe principledor systemslesign, both
from a hardwareand asoftwarepoint of view. It ishard totell if the cultural or the technical challenge is
the greater. In times like this it is important to formulkmte discuss longeterm visions, not to be caught
in short-term dead-ends. Interdisciplinary contact is more important than ever.
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Welcome to ED&TC'97

Welcome to théeuropean Design &estConference and Exhibitiot997. It offers you, adid its
predecessors, wide spectrum of interesting activities to choose fraegular paper sessions,
poster sessions, tutoriaigyited keynotespanels, hot topics session, User Forum presentations,
fringe meetings in the evenings, University Booth in the Exhibition. New actithities/earwill

focus on getting closer to industrial designers in large and small companies: next to the User Forum
there will be arindustrial Seminar oFirst Users orMonday and a variety of CADJesign and
consultancy activities in several “villages” in the Exhibition area.

The plenaryopening session will buildurther on the presentations st year. Thecommon
thread theravas tolook at thefuture consequences in design aedtwhich wouldresult from the
implementation of théNational Roadmap foSemiconductor Technology of the Semiconductor
Industry Association (USA). This year otlree invitedspeakerswill take the subjecbne step
further bylooking from different perspectives to thdure indesign andest: JimMeindl takes a
critical view on technologyredictions and discusses system de@gues from the point ofiew

of physical limitations in semiconductor technology developnfest de Geugonsiders irwhich
direction the CAD industrras tomove, how it will be affected by th@admap, whawill be its
challenges and in which way might these challedmgEomeaffordable solutions for industrial
designers. Bjorn Pehrson will present a visiorhow applications irtelecomand multimediawill

be able to profit from the processchnologyadvanceshow this might enrichout lives and what
design challenges it wifresent. These three different perspectives on the consequences of the IC
technology roadmap will influence your own thinking about your future in design and test!

In response to the “Call for Papers” a total of 287 regular papbrsissions were received. Hugo
De Man and higrew of TopicChairs andeviewers went through a thorough revipvocess to
select 93paper for oral presentation and 23 for poster presentatiavuld like tothank Hugo for
his continuing drive for quality and for the excellent organisation, and | vigaltb thankhim for

the impressive resulivhich you yourselfcan check from the Proceedings. Diederik Verkest
deserves a special thanks for his effortmtike thdirst time use of the Web in theeview process
such a success.

Also the topics chosen thigear for Panels and Hot Topic Sessiavif certainly evoke your
interest. Whatdoes it take taransfer successfulladvanced design methods and tools to the
pragmatic world of qualified industriglesign flows?Canconflicts of interest be resolvdxktween
the differentpartiesinvolved in the intellectuaproperty business? Whatill be the right test
methodology for the year 20057 These provoking questions will chalblemgeanels this year. The
Hot Topic sessionwvill bring you up-to-date with three technical subjetiigt currently draw
much attention: networke@AD systems,deep submicronCAD and multichip packages for
consumer applications. The breadth and quality ofpdaple involved convince ntbat you will

not be disappointed in any of these subjects.

Next to all the technical and managerial subjects a major function of any Conference lies in the
opportunities it creates faneeting peopleThis aspect of ou€onferenceéhas alwaydeen given

high marks and we continue fmay much attention tat. Coffee breaks, lunches, receptions and
fringe meetingare each an excellent opportunity to get into other circles of interestwilVe
increase the cross-fertilization with the Exhibition by havimg of thecocktail parties in the
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Exhibition area. We will certainly also maintain the quality of the social event this year and make it
into a pleasant souvenir.

Many volunteers have given their best efforts to ntaleeConference and Exhibitiorveorthwhile
eventfor all its attendees. Would like tothank the members of the Organising Committee, the
Programme Topic Chairs atfie reviewers in the Technical Programme Committeejedisas the
professionaktaff from CEP and EDA, for theircontinued interest and energy in makihgs the
best event of its kind.

Ludwig D.J. Eggermont
General Chair ED&TC’97
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Tutorials

A — Formal Verification
H. Eveking, Technical University Darmstadt, Germany

Summary

There arenow two mainareas of successful industrial application fofmal verification
techniques(a) the verification of large blocks of combinational circwitkich isfaster andmore
efficient than simulation techniques, afij the checking of equivalence or of tempqedperties

of finite state systemdBoth types of formal verification rely on the efficient representation of
boolean functions or large state spaces by means of decision diagrams.

The tutorialwill first give an introduction tozarious types oflecision diagram$OBDD's,
OKFDD's, *BMD’s). Examples of successful applicationsdetision diagrams to large blocks of
combinational circuits will be presented afterwards. The specific problems of using VHDL as input
language will be discussed. Symbdiiate space traversalethods allowfor the exploration of
very largestate spaces. Theethodscan be used to demonstrate dgeiivalence of two finitstate
machines or to verify temporal properties rhgdel-checking. In addition, mampplications use
model-checking as a debuggiragher than as eerification tool in order to detect bugs as early as
possible and to reduce design time. Titerial will give an introduction to symbolistate space
traversal methods, and will again consider VHDL-related aspects.

B — Systems-On-Chip: From Design Validation to System Test
P. Prinetto, Politecnico di Torino, Italy
Y. Zorian, LogicVision, USA

Summary

Today’s deep-submicron IC technology allows the creation of complex systems on a single die.
This new technology necessitates different practices in design, manufacturing and field test. The
tutorial will address the testing challenges in system-on-chip and their corresponding solution. For
the system-on-chip design stage, the tutorial will cover a number of advanced solutions in design
validation, ATPG, and Built-In Self-Test. These solutions are used during the design of individual
embedded cores as well as their incorporation into a full systems-on-chip. They are geared towards
the typical use of behavioral and RT level hardware descriptions. Following the design stage, the
tutorial will address the state-of-the-art requirements for manufacturing and field tests. Here the
emphasis is put on software based techniques in fault injection on the VHDL level for reliability
and fault coverage purposes; the reuse strategies of the Built-In Self-Test hardware; and finally the
requirements to improve in-field reliability and availability by adopting on-line Built-In Self-Test in
complex chips. In general, this tutorial will provide an industrial perspective, while covering
current practices and it will also reveal the future challenges. Outline:

. Current Trends in Systems-on-chip Technology

. Design Validation Solutions

. High Level Test Generation Concepts

. Designing self-testable Embedded Cores

. Testability needs for complete systems-on-chip

. Fault Injection on VHDL Level

. In-System Reliability with on-line BIST

. Future Perspectives

O~NO U WN P
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C — Rapid Prototyping of Digital Signal Processing Systems
R. Lauwereins, Katholieke Universiteit Leuven, Belgium

Summary

Rapid Prototyping ione of the techniquessed to reduce the time-to-market of present day
complex Digital Signal Processing Systerfikis tutorial aims at presentirtge possibilities and
limitations ofrapid prototyping for applicatiodomains ranging from speech processing via audio,
image and video processing to telecommunications. It is structured in three parts.

The first part situates prototyping in the product design flow and presents a class#icatioe
which enables to quickly positicapid prototypingenvironments anglatforms with respect to the
type of verification they allow and the supported application domain.

The secongbart gives an extensive overview of thepid prototypingenvironmentdor digital
signal processing systentBat are onthe market. By including the most advanced research
environments, it also offers an outlook to the future capabilities of the commercial tools.

The lastpart describesone environmenthat supportsheterogeneousargetsconsisting of
multiple processors and Field Programmablge Arrays irmore detail. The specificatiamodel
is presented as well as the design fli&usefulness is proven by applying the design flow on a
toy example and a real-world application, both in the telecommunications domain.

D — Low Power Circuit Design for Multimedia LSI's
T. Sakurai, University of Tokyo, Japan
T. Kuroda, Toshiba Corp., Japan

Summary

Recently, multimedieLSI's are attracting attentiortheseLSlI’s are required to achievéigh-
performance as well as low-powdiis tutorialreviews low-powecircuit techniguedor CMOS
multimedia LSI'’s.

First, the background and the reasshy the low-power is askefibr now are summarized to
clarify the general constraints together wa#bme of the examples of multimedi&!’'s. Next,
expressions foCMOS circuitpower consumptiomre described. General guidelinés CMOS
logic circuit power reduction are basically three-fold: reducing switching probability, redaeithg
capacitance and reducing operation voltage. In these, using low supply voltage is tbectvs
way to reduce power, since t@MOS power consumption dependsiadratically on the supply
voltage. Low voltage designs, however, essentriffers fromlower speed. Some of the solutions
for this problem are discussed including the control of MOSFET threshold voltage.

As to the reduction of the load capacitamaess-transistdiogic circuits aredescribed irmore
detail including the systhesis methdologpastly, it is shownthat the low-power design is also
essential in solving some of the most stringent problems like noise and electromigration problems in
deep submicron LSI designs other than the heat crisis.
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E — Hardware/Software Codesign of Embedded Systems
J. Henkel, Technical University Braunschweig, Germany
F. Vahid, University of California, Riverside, USA
L. Ramachandran, LSI Logic Corp., USA

Summary

Hardware/SoftwareCodesignhas become arapidly increasingarea ofinvestigation. Codesign
techniques permit the design of increasingly compi@edhardware/software systems ahigher
level of abstraction than possiblgth today’s toolswhich results in a substantial reduction in the
economical important time-to-markktctor. Furthermore, necessatgsign techniques like High-
Level Synthesis havenatured to the point where the&an be used in industri@nvironments,
making HW/SW Codesign techniques feasible.

The authors present awerview of the widearea of HW/SWCodesign. After introducing the
economically interestingrea ofembeddedystems, they descrilweirrent approaches to HW/SW
Codesign, discuss algorithrfar the keyissue of HW/SW patrtitioning, and present hardware and
software synthesis methods, among other subjects.

The tutorial demonstratémw HW/SW Codesign techniquagsult in the important effects of
short turnaround timegeduced time to markeind minimized costs. Aconclusion discusses
today’s major problems and suggestions whateisdedfor an industrial acceptance of HW/SW
Codesign.

F — Built-In Self Test for Embedded Cores
J. Rajski, Mentor Graphics Corp., USA

Summary

With today’s technology, it is possible to build very large systems containing many embedded
cores on a single piece of silicon. Since Built-In Self Test (BIST) provides natural embedding of
test solutions, it is very effective in dealing with intellectual property, at-speed testing and rapidly
increasing size of system ASICs.

The tutorial will introduce state-of-the-art BIST technology, and will discuss its trade-offs,
benefits and constraints. It will cover fundamentals of BIST, BIST architectures for logic, memory
arrays and processor cores. It will present integration issues in hierarchical BIST solutions for
system ASICs, discuss requirements for BIST-ready cores, introduce automation of BIST
synthesis. Finally, the tutorial will illustrate applications and discuss future trends of BIST
technology.

Audience

System ASIC designers, IP providers, test engineers, researchers, and managers interested in
learning about state-of-the-art BIST technology, its advantages and limitations, future trends and
challenges.
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G — Multimedia Architectures
N. Demassieux, ENST, Paris, France
P. Pirsch, University of Hannover, Germany

Summary

This tutorial addressethe requirements of multimedia gmocessors and systems. Alternative
components and systenfer multimedia will be briefly described. The discussion includes
platforms such a$Cs, set-top boxes, network computelmpadcast coders angtofessional
studios.

For multimedia applicationsideocodingand decoding have shown the most demandasks.
They will be identified to explain the computational requirements andithpéct on processors.
Architectural trends ofmultimedia-enhanced and multimedia-dedicateacessorswill be
examined. This includes VLIW architectures and super scalar RISC structures.

The tutorialwill focus onsome key componenend present technical details by case studies.
Different approaches for processare explainedfor consumer market§TRIMEDIA), personal
computers (Intel-MMX), workstations (Sun UltraSPARC) and research projects (HiPAR,
PRISMA, PVP). Practicatlesighaspects ofledicated key components will loiscussed for the
example of an ASIC fomotion estimationThe tutorialwill conclude withfuture prospectives by
the evolution ofarchitectures (MIMD, super parallelism) amdultimedia (real time image
synthesis, real-time/real-life virtual reality).

H — CAD Tools for Analog and Mixed-Signal ASIC Design
G. Gielen Katholieke Universiteit Leuven, Belgium

Summary

For reasons of cost and performance the microelectronics industry has always shown a need to
integrate more and more functions on a single chip. In recent years, this has resulted in a growing
tendency to integrate the analog interface circuits together with the digital signal processing
circuitry onto the same IC, leading to true heterogeneous systems on silicon.

The tutorial intends to give an overview of the state of the art in CAD tools for analog and
mixed-signal ASIC design. Starting from a description of the general design flow for mixed-signal
ASICs, different key aspects will be presented in more detail. The first part of the tutorial will be
dedicated to mixed-signal simulation tools, including both mixed-mode and multi-level (including
analog behavioral level) capabilities. Also the progress in standardizing analog behavioral
description languagues will be discussed.

The second part of the tutorial will be dedicated to analog synthesis and layout tools. Here an
overview will be given of the present status of these tools, discussing their capabilities and
limitations. Also the problems of physical interactions between analog and digital circuits (e.g.
substrate noise) will be described. The tutorial will be illustrated with several practical design
examples.
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Best Paper Awards

Each year, the Europearefign & TestConference presents awards to the authors of the
most outstanding papers. The selection is based on the results of the voting by the
participants.

For 1996, the paper selected as the most outstanding in the field of CAD is;

Gate Sizing: a General Purpose Optimization Approach
by Olivier Coudert of Synopsys, Inc.

This paper presents new methods for choosing for each nodenapped
network a gatemplementation irthe library so thatsomecostfunction is
optimized under some constraints. Methods foywer or/and area
optimization underdelay constraints ordelay optimizationunder power
and/or area constraints are presented.

For 1996, the papeselected by the Committee as the most outstanding ifietdeof Test
is:

Designing Self-Testable Multi-Chip Modules

by Yervant Zorian, Hakim Bederr, AT&T
This paper addresses the problem of Multi-Chip Module (MCM) testing, and
specificallytestingassembled MCM performancéhe presented solution is
based on self-test. It augments doaventional single-chiBIST approach,

which is needed to produce known-good-dies, to a mewti-chip BIST
solution.

Congratulations to the winners!
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Networked CAD Systems

Session Chair: Giovanni De Micheli, Stanford University, Stanford, CA, USA

Panellists: David Ku, Escalade Inc.
Luca Benini, Stanford University, Stanford, CA, USA
David Lidsky, U.C. Berkeley, Berkeley, CA, USA

Computer-aided design (CAD) tools havecome aressentialpart in thedesignflow of any complex electronic
system. Athe same time, the numbertobls needed to implement compleystems isncreasing anduchtools
are generallyprovided by several suppliers. Integration of CAdls into unified frameworks prompts for an
increasingeffort in the creation of standard interfaces. The definition of standard fofanatkesign descriptions
such asvHDL andEDIF hasbeen arimportant milestone iithis direction.However,the user interfacgsrovided
by different CAD vendors still lack in uniformity and compatibility.

Moreover design teanese often geographically dispersed, ewboughthey may be working on differepiarts or
facets of the same design. Design reuse of libraries, hard/soft newlesbedded software magquireaccess to
resourceshat arealso geographically dispersed. Fortunately, computer networks sutdhaagtsand theinternet
provide pervasive reliablénks among designerand design data, asvell as an useful means of storing and
classifying information. In addition, netwodrowsersand helpers have simplified thaccess to remote and
distributed information, by providing a uniform mechanism which is easy to learn.

The use of computer-aided design tools over intranets and the internet is raising a largdéauausst ofesearch
andbusiness opportunitieMost corporations, where designs are performed at different sgestranets for data
sharing andcommunication. Computationally demanding tasks can be performed on high-perforsearsms
remotely connected the designers by intranet linksevertheless, CAD toolre stilldevelopedand marketed to
be used in specific locatiorsnd theuse ofintranets tamprove upon the desigrycle isleft to the needsand the
ingenuity of the designers.

We expect to see distributed CAddvironments fointranets on the marketoon. Such environments will make
transparent to the designer the locatiotoofs, librariesanddesign data. This will increase designersductivity
by providing them with unifornaccess to resources as well as faster respgimneeon computationally-expensive
tasks because of load balancing across the network.

The next challenge is tdevelop distributed CAnvironments over thiternet. Theworld-wide web(WWW)

provides dink to virtually all users of scientific computingnd WWW browsers providde factostandard user
interfaces. Whereas the WWW has been mainly used until now for information retrieval, a large potential lays in its
use for distributed information processing and in leveraging network programming tools.

CAD programsand environments on th&WW can bedeveloped for scientifiand/or commercial reasons. The
WWW is anideal means for dissemination of informatiorhus, CAD tools developed in academia may be
interfaced to the WWW for the purpose of supporting remote aaoesiemonstrationsgndproviding world-wide
exposure. Collaborative research programs at different instituitaomssethe WWW as a way ointerfacing CAD
tools. In this perspective, the WWW may play a role similar to the original role of ARPANET.

The commercial opportunitider distributed CAD servicesre promising asell. New toolusage paradigms may
emerge. Designers could temporarily connect to a tool provider, perform a specifindabkbilled on a usage-
time basis. Desigfiows mayincorporate thaise of remotely-located tools, with different castsl objectives, and
customizable according to the design goals. CAD venaans offer free, or limited-cost, tool usage to advertise
their products.
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There areclearly manyways ofenvisioning thedevelopment of networked CAD systemsiotranets and on the
internet.Difficulties mayarise due to several factoms¢luding dataconsistency, network loads, limited bandwidth
and response delays. Design of electronic produsitsg the internet must addresscurity problem related to
design and technology data. Despite these difficultiesyrapid growth ohetwork-based producend thepotential
payoffs of networked CAD make this field an exciting area of research.



Multichip Packages for Consumer Applications
Session Chair: Math Muris, Philips Research/ED&T, The Netherlands

Panellists: Herman Casier, Alcatel Mietec, Brussels, Belgium
Urs Fawer, Philips Semiconductors, Zurich, Switzerland
Wolfgang Radlik, Siemens Research, Munich, Germany
Claudio Truzzi, IMEC, Leuven, Belgium

Application of Multichip Packages is becoming maned more interestingor small-sized, light-weightcost-
sensitive portable consumer equipment. Aftearing our panellists on marketing, design, testsuhstrates,
packages, pprbudgetsand KGD issues related to MCPs for consumer applications, weybketo join us in a
discussion on the pros and cons of this technology.

Since the darlages of mainframe computers, Multicthfpdules have been used for achieving performance targets
which couldn't be met with existing Printed Circuit Board technologies.higtecosts fordesign, manufacturing
and test of these Multichip Modules were acceptable for professional applications.

Our bright current age, full of portable multimedia consumer applications, also cries out for Multichip Modules, but
now the drivingforcesare small-sizes, light-weighlow power,combination of technologies, time-to-market and
low costs.

Our panelists will introduceyou to the issues involved with design, technologpanufacturing andest of
Multichip Packages for consumer applications.

Wolfing Readily will give anoverview ofthe current status of substratasd packages for MCPs, with facus on
consumer applications.

Cloud Truss will presenMCM-specific design issuesoncentrating around availabilitgnd infrastructure, it's
impact on theearly stages of desigand whatstrategies are being applied in the &l inEurope to address these
issues.

Math Moors will summarize test strategies for obtainlk§Ds and MCPs based on underlying requirements for
quality and reliability, geared towards cost sensitive consumer products.

Urs Fawer will concentrate on design experiences (constraints from sub-contractor/customer, lead time, "design-
flow"), examples and ad-hoc solutions.

Herman Casier will take the positicghat MCPs will only provide a temporary solution, becatségh volume
demands will always lead to a dedicated IC technology, resulting in a single die solution.

Following these introductionghe audience is invited tdiscuss withthe panel the proandcons ofthis MCP
technology.



Deep Submicron CAD

Session Chair: Ralph Otten, Delft University of Technology, Delft, The Netherlands

Panellists: Keith Baker, Philips Research, Eindhoven, The Netherlands
Raul Camposano, Synopsys Inc., Mountain View, CA USA
Antun Domic, Cadence Design Systems Inc., San Jose, CA, USA
Patrick Groeneveld, Compass Design Automation, San Jose, CA, USA

As microstrip features scale into regime<lolse to or below &enth of a micromew metrics obtain importance

beside the traditional area, time and power objectives.

A decade of analysis has shown the increasing effect that interconnect is going to have,

as VLSI systemare effectively transformed intanicrowave circuits of unprecedented complexity. Not ateiay

requires a totally new approach, future design systems have to be able to prevent detriments caused by crosstalk and
resistive voltage drop in an essentially three-dimensional configuration.

The return on investment of theew technologies will bevery disappointing when theseffects can only be
controlled by large safety margins.

This implies that noise immunity is going to be one of tmew metrics toenter thefield and will extort
compromises with timing and area demands.

Also, whatevethe solutionsare going tde, how will they affecthe robustness of layougndfinally, how do we
find out efficiently whether the circuit should pass the test stages.

It is clear toeverybodythat theinterplay of different stages in design is goingoemomemore intensive, even so
that no longefdayout design, logic synthesiand higherlevels of synthesigan be treatedequentially or even
iteratively. A completeintegration into what alreadhas been coinedthe design planning approactill be
mandatory.

The questions that are going to be tackled in this session are:

- How are thenew metrics going to be incorporatiedo thetools fordesigning these so-called deep-submicron
circuits?

- How is one to retain the relative design comfort of the digital abstraction?

- What are the test methodologies going to be like for this new generation of VLSI circuits?

- How are the upto now separate design stages to be integrated in the design plan?

- Will vendors be capable tdevelopthe righttools far from wheretechnology is being developed, ortiss
going to be the exclusive terrain of corporate CAD?

- And is university research going to have a place in it aftéladt such a significant contribution to the
development of analysis for three-dimensional deep submicron structures?
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Panel Session

How to Introduce Advanced Design Technology in Qualified
Industrial Design Flows ?

Moderator
Patrick De Wilde, DIMES, The Netherlands

Participants
Philippe Reynaert, Mentor Graphics, Belgium
Patrick Pype, CoWare, USA
Rajeev Jain, UCLA, USA
Patrick Odent, Philips, Belgium
Pierre Paulin, ST, France
Kari-Pekka Estola, Nokia, Finland
Henri Cloetens, Philips, Belgium

Time-to-market is a prominent part of most EDA vendor's (and researckatés
literature. Althoughall EDA usersaythat it ishigh on their priority list, thegeldomly

stroke acheck on its behalf. One of the reasons is that the benefit of EDA innovation and
new methodologies is hard to measure in terms of credible dollar values. Although soft
decisions may play @le in the decision process, they don't earspat in the
spreadsheets. During their decision process, EDA users evaluate more whether a new
acquisition fits in their current approach rather than what possible pay-off a new
methodology can bring. This leads to tigpical process of benchmarking , reference
checking, evaluation on different platforms etc. Nevertheless, the importance of
methodology cannot be overstated. A methodology that lowers legstages design

flow and employs leading edge technology conveys a real competitive advantage. The
problem isthat it istoo hard to quantifytoo vague to spend money on aod $mple to

guide decisions. This panel wants to confront the opinion of researchers, vendors and
users on this topic.
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Panel Session

Are There Conflicts of Interest in IP Based Business?

Moderator
Marco Cecchini, OMI, CEC

Participants
Julio Goria, Italtel, Italy
Mike Muller, ARM, UK
Rudi Lannoo, Alcatel-Mietec, Belgium
Andreas Wild, Motorola, USA
Oz Levia, Cadence, USA
Brian Barrera, Mentor Graphics, USA

The shift in chip design methodology towards the re-use of virtual compdhanhtsan
contain complex Intellectual Property (IP) requires a cooperation between EDA,
semiconductor, systems and (fabless) IP-vendds.implies a new business motiedt

has to reconcile the, sometimes conflicting, goalallothese players. Semiconductor
vendors prefer to lock-in designers to their poprietary processing technology by means of
sophisticated libraries. Fabless IP-vendors prefer to license their technologgpnaoyas
foundries as possible. Systems houses would like to pluglaydith IP-components

from various sources and make use of a customised design envirtmateoimbines the

best of breed design toolinally, the EDA vendors are making their design environment

as attractive as possible by providing as much as possible access to a wide variety of IP
components. Moreover it is not alwagtear how the responsibilitiestime design process

are shared bgll these partners. In case of design failure, is it because of the mooiad

of the IP-component, because of the inconsistency between specification and
implementation, because of incomplete documentation, because of wrong assumptions
made in the design environmeWifill standardisation such as the Virtual Socket Interface

be the solution tall problems? This panel will discuss the point of vievalbthe above
players in the IP-business.
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Panel Session

What Will Be the Right Test Methodology for the Year 2005?

Moderator
Keith Baker, Philips, The Netherlands

Participants
Birger Schneider, Microlex, Denmark
Piet De Pauw, Alcatel-Mietec, Belgium
Tom Williams, IBM, USA
Bob Grubel, TI, USA
Steven Athan, Univ. Florida, USA

Each year the complexity &fLSI systems increases atebst development consumes a
major portion of the development cycle. The goal of this panel is to dibeussads that

will get test methods into the future. Questions that have to be answered are : what will be

the key problems when evolvitgwards deep-submicron testing , what will beithgact

of high level design and synthesis techniques on test issues, how will we cope with systems

on silicon combining hardware/software and digital/analog, htha systemtest strategy

cope with the combination of heterogeneous test approaches (such as lddqg, Bist, Scan) for

the different components on a single chip, how camquhaéty of the test process be
improved for devices of more than hundretlion transistors. The result of thganel
should help the universities and research institutesdeatify what will be the
requirements of leading (and bleading) edge industrial applications for the year 2000.
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