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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DOCUMENTATION ON DESIGN AUTOMATION SUBJECTS -
Part 2: EIAJ-EDA Technology Roadmap toward 2002

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all [national electrotechnical committees (IEC National Committees). The object of the J[EC is to promote
intdrnational co-operation on all questions concerning standardization in the electrical fand electronie, figlds. To
thi§ end and in addition to other activities, the IEC publishes International Standa tion is
entfusted to technical committees; any IEC National Committee interested i ith may
parlicipate in this preparatory work. International, governmental and non-govg liaising
with the IEC also participate in this preparation. The IEC coIIaborates cIo | prjational
Ordanization for Standardization (ISO) in accordance with conditions dejé en the
two| organizations.

2) Thd formal decisions or agreements of the IEC on technical maifers e pre ible, an
intdrnational consensus of opinion on the relevant subjects since ea ntation
frorp all interested National Committees.

3) Thd documents produced have the form of recommendations/for i use and, are published in tihe form
of ptandards, technical specifications, technical reports of guldes and>they ‘areaccepted by the National
Comnmittees in that sense.

4) In ¢rder to promote international unificatj ational
Stajpdards transparently to the maximu s. Any
divgrgence between the |IEC Standard and clearly
indicated in the latter.

5) Thd IEC provides no marking procedure tq indi for any
eqdipment declared to be in

6) Attention is drawn to the pe ject of
patgnt rights. The IEC shall nd{ be }

The main task of JeC ver, a

techn|cal comm' ected

data ¢f a differeni\ki rd, for
example "state of th'e

IEC 62017-2, which_i S peft, has been prepared by IEC technical committee 93: Design

automation. {t i ‘ A Technology Roadmap toward 2002 published by EIAJ.

The tex¥/of port is based on the following documents

Enquiry draft Report on voting
93/115/CDV 93/119/RVC
Full information—on—the—votingfortheapprovalof-thistechnicalreportcanbefoundin the

report on voting indicated in t

a
o atro T T— o re—v o LS ]

o e
e above table.

This publication has not been drafted in accordance with the ISO/IEC Directives, Part 3.

This document which is purely informative is not to be regarded as an International Standard.

The committee has decided that the contents of this publication will remain unchanged until
2004. At this date, the publication will be

reconfirmed;

wit

hdrawn;

replaced by a revised edition, or
amended.
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Introduction

1.1 Background

With the advancement of semiconductor technology, the possible number of transistors on a silicon chip is
doubling every three years Soon, it is estimated that over 10 million transistor circuits will be realized on a
silicon chip of only 1 cm’. Now with th1s progress in LSI manufacturlng technology, it is tlme to consider what

5, were
hs over
wvhat to
'mance
mories
bn shift
OS) or
hat for

design]

In the ) ies, g 8 i i circuit
design} i i i focts, f microprocessors, although it is a
small-y i q igj ie3 i . Hpwever
the number of des1gns was quite limited and ! S i i €SSOrs.
In ASJC (Application Specific Integrated Cirgui 54 i Ts R i emely
importpnt, are given by the system designers. H i design'ef system LSI, the design for the final product
and L§I are inherited, as all functions will bg i ultimately on a single chip. The specification of
system] LSI is also the specificatis afore] it is 1 i i ipess as
well as ‘

There inci nges O i M Sy [ i . First, nology
advandes, i i i i i design
technologi od by i i i . ,|design
technologi & , 1 i i iori an LSI
greatly] quali t VSR grket to
shorter] i ¢ ¢ ast and

The ful 108 1 i ith. i nay be
divided i i
1) Fabyi
2) Verti

3) Fabless, System business.

In Japanymany companies have both system design and fabrication technology divisions. However, spme of
them will have no choice but to become simply fabricators or else fabless designers, if they can not resolve
upcoming problems. To keep the style of vertically integrated structure and to enjoy the advantage of it, there is
a need to develop a new design technology and construct a new style of business for the era of system LSIs. It is
an urgent research and development task to establish a new design method, within which system designers and
LSI designers may collaborate efficiently, with EDA tools supporting the collaboration.

This roadmap aims to clarify the direction of EDA technology to support design methods for system LSIs. It
summarizes research and development targets of EDA technology in 2002, which may be reasonably easy to
predict, and proposes scheme to reach them. We intend to give a foundation on which to start discussions on
new design methods and the restructuring of the vertically integrated industries for a new technological
environment.
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exibly in 2002. In other words, this is the
. Therefore, the next decade will mark
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LSI era. This roadmap summarizes the discussion in EIAJ on the future of EDA

admap
for the

rizeés’the discussion in EIAJ on the future of EDA technology, in the hope that it will act as a guide

next E

1.2

DA technology mnovations.

Objectives

The objective of the roadmap is to show the following by the 21% century:

e The target for system LSI in 2002, which we have called the Cyber-Giga-Chip (CGC),

¢ Design and test methodology to be used for system LSI,

« ED
e An

A technology to assist design and test the system LSI,

EDA roadmap for each important application area in 2002.
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In order for the roadmap to be realistic and practical, we have focussed on:

1) Investigation of necessary technology by 2002,

2) Requirement analysis on EDA technology from the viewpoints of LSI designers.

The reason for setting 2002 as the deadline in the former policy is as follows:

e Core-based design will be the main stream in the age when the design rule becomes 0.18 to 0.13 pm,

e 2002 is the summit of “Standardization Age”,

» 5years is a reasonable period to draw up a realistic timetable for the various EDA topics.

The lafte C e kthreseed(ethete g
to the feed (i.e. the requirements LSI designers must meet) for the proposed system LSI ¢

1.3 [Definitions

The tefms listed below are used frequently from now on.

Cyper-Giga-Chip: A chip which forms the kernel of a piece of cle
various functional blocks.

Core: A sub circuit with certain function.
IP:
bystem Design:

Architecture:
RTL/Logic Design:

Circuit Design:

ction, using a LSI tester etc.

ke measurements to see whether manufactured LSI actually performs its d

ed of

target
under
ibject

mory,

td on
uting
ra, so

ircuit
DFT),
luded

esired

1.4 Audience for the Roadmap

The roadmap is suitable for all managers and/or engineers who are concerned with system design/test,

semiconductor design/test, and EDA technology. Researchers in universities are also targeted.

1.5 Making of the Roadmap

The roadmap is made by EDA Technical Committee / EDA Vision Working Group of Electronic Industries
Association of Japan (EIAJ), in cooperation with Institute of Systems and Information Technologies/KYUSHU

(ISIT/KYUSHU), shown in Table 1 and Table 2, respectively.
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Table 1 — Member List of EDA Vision Working Group

Name Representing Participation
Yoshiharu Furui Sony Corporation Chair
Takashi Kambe Sharp Corporation Co- Chair
Tsutomu Someya IK Technology Co., Ltd. Working Member

Ichirou Yamamoto

OKI Electric Industry Co., Ltd.

EDA TechnoFare 98 Publication

Kazuya Morii

SANYO Electric Co., Ltd.

Working Member

a Yamada

Akihi

Sharn Corporation
Ir Ir

Wnrl(ing Member

Takayjuki Sharp Corporation Working Member /(\
Yamapouchi ~
Tetsuya Fujimoto Sharp Corporation Working Men'@ér\ \

Masatp Ikeda Zuken Incorporated Working }/Iém\b%\ \
Nobuto Ono Seiko Instruments inc. Worlg.qg}\(emlz& \ \/

Masanu Kakimoto

Sony Corporation

Wofking MelnboR

N
mber

Kenji[Yoshida Toshiba Corporation Adm

Tamotsu Hiwatashi | Toshiba Corporation K ﬁe;de,r\ ot\”\BQI M Needs WG
Akihifo Yamada Toppan Printing Co. /U?i\ /\\ > EﬁA(f é}hp\oﬁre 98 Publication
Naoyd Takahashi NEC Corporation \ rking Member

Hirokp Yamamoto ViewLogic Japan /A \\Qorking Member

Yoship Ohshima Hitachi ktd \ (\ \Iyz%der of EDA Requirement WG
Noriypki Itou FuJ 1ts@td (\\ WWW Publication

Michipki Muraoka sh\a\glectrmus\n\w d. | Leader of Cyber-Giga-Chip Profile WG
Mitsuyasu Ohta M ushlta\glkc{rlc\x@}s@amo., Ltd. | Working Member

Hideypki Hamada\/@&éﬂ@shi l%ie\ctr%\Qor}@{M)n Working Member

Mitsuhiro Kitta /] %Qts%hi\k"{ec\tﬁ/c\Gg oration Leader of EDA Roadmap WG
Itsuo $uetsugu M@m{ (%agh%s»l&pém Co. Ltd. Working Member

Kousyke Shibg \Me}t\orﬁr@pﬁks Japan Co. Ltd. Working Member
Masa},an(lhai\ A Osaka niversity Advisory Member

Tokinpri KW\ W Advisory Member

Sagorpu Hazama \F)hitsu Ltd. Advisory Member

Satoshi Kejima Hitachi Ltd. Advisory Member

Tsuneo Shibazaki ETA] Secretariat

Koji Kitada EIAJ Secretariat

Table 2 — Institute of Systems & Information Technologies / KYUSHU

Name Representing Participation
Hiroto Yasuura First Research Laboratory Director Investigation
Also Prof. of Kyushu University Editing Roadmap
Hiroshi Date First Research Laboratory Researcher Investigation
Doctor of Engineering Editing Roadmap
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Figure 2 shows the roadmap development concept.

In the EDA Vision Working Group, Cyber-Giga-Chip

Profile WG and EDA Requirement WG are organized. Cyber-Giga-Chip Profile WG forecasted the profile and
the design flow of Cyber-Giga-Chip in 2002. EDA Requirement WG analyzed the requirements of LSI
designers from the viewpoint of EDA technology, and made a detailed roadmap toward 2002. Entrusted by
EIAJ, ISIT/KYUSHU collected information from LSI designers, investigated the trend of EDA technology, and
edited the roadmap. Specifically, ISIT/KYUSHU interviewed for LSI designers working for companies, which
belonged to EDA Vision Working Group, and summarized the results as requirements of designers. This was

followed by interviews with EDA engineers and investigation on EDA technology.

ISIT/KYUSHU edited the content of the activity as a roadmap.

pr
coyrses

Finally, EIAJ and

EDA Technol ogy Roadmap

| nput / feedback
by 1SI. T Desi

LSl in 2002

Desi gn Needs

Profile

Desi gn Fl ow S
EDA e
N\ A

EDA
sdback Community
ISIT

IEC 2888/2000

eed(with vertically integrated industries from system design to fabrication, or to take an interr

5. The

rations.
. Each
h only;
hediate

- For EDA engineers: To determine the most profitable EDA tool for system LSIs.

- For EDA researchers: To discuss what is the fundamental technology for future EDA.
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2. Executive Summary

In this chapter, we present the basic policies of the EDA Technology Roadmap toward 2002. The main purpose
of the roadmap is to predict:

1) The objects for the LSI design and their environment in 2002,
2) EDA technology in 2002.

2.1 [Semiconductor Industry in 2002

In this|section, we summarize interviews concerning, firstly what kind of LSI wilks ig aobj¢cts for
the LS| design) in 2002 and, secondly how they will be designed (LSI design env{ronment) inN2002.

2.1J1 Overview of Design Objects in 2

The teghnique for designing a system LSI could be considered £quiva 1gning a target [system
itself. [The main question is what sort of system should be bui al ten million trankistors,
and this decision may influence the future direction of the sem ystem LSIs will be psed in
a wide|spectrum of applications, such as computers, ele i iay s, cags, optical machinery, inglustrial
robots, and social systems. In this section, e Wil pf i€ation areas for system L$Is and
examiije the requirements of system LSIs specify

1) Empedded systems

Embedded systems are widely used in eleciric idustrial robots, communication devi¢es and
evan toys (entertainment gg odities in modern day life. System L$Is will
pla tely, they cannot be designed and manufactured

effgctively enough in thescurre , and~t is a call for a breakthrough in design methods to
ovdgrcome the problems. designNg eths will be required to coordinate individual conjponent
technologies i 1n ) qre, package, display parts and machine parts and optlmlze the entire §ystem.
Eagh application\lds &\ different set-o requy tors to
megli i i ' 1, \ro es and
ent system
LS

2) Ne
AN tionary
mo mixed
form of image; sqund,dand text across a network, data needs to be transformed. Such processing imcludes

dath comptression and restoration, coding, encryption and decryption, etc. The same procedure must be
perfofiied at sending and receiving ends, since the standard protocols are defined in network communijcation.

If the-conneected-systems-econtai-some-human-errors-and-cause-malfunetionthe-entire-netweork—(the worst
case, the Internet which spans the globe) may behave abnormally. Communication circuits should be
standardized and used as fixed parts in system LSIs. This will promote the reuse of communication circuits
as well as stabilization of the network. With a view to such development, the reuse of integrated circuit
design, the definitive procedure to claim integrated design as intellectual property, and suitable criteria for
macro library are being discussed. In addition, analog circuits are thought to be important in radio/wireless
communication.
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3) Information technology for social infrastructure

Information technology for building the social infrastructure will be a potential market for system LSIs.
What we call “information technology for social infrastructure” has two missions. One is an information
system that monitors and controls the social infrastructure (buildings, traffic, railways, electricity, water, gas
and telecommunication) This helps a smooth running of social activities. The other is the information system
that deals with unpredictable catastrophes. This will assist effective data acquisition, assimilation,
transmission, processing and controls in disasters. Real-time processing and safety are essential of the
information system and embedded system LSIs. In addition, there is a desire for those systems to operate
using reusable and environmental-friendly energy such as solar energy. Electric money is an application of
system LSI in the economic system. This is an electric substitute for paper notes and metal coins and is
usually stored in an IC card (Smartcard). Smartcard and its associated equipment are expected to create a big

market-for b.ybtblll ESH—Fhe SY stemr =St or-smartcards uu.,mt, above au, 5ua1autuu 1115}1 u,hablhty to protect
the| privacy of cardholders against deliberate attacks, fraud and forgery. This mg¢ hat cryptegraphic
technology must be incorporated in system LSI design. In addition, R&D ) d “be’ ppt into
submicron technology, to increase the security level.

4) Hi
Th¢ computer system industry is the biggest marketplace for the semich \ and F tivated
the|[semiconductor industry to make epoch-making progress in high pe R . bmands
fro g [s. In
particular, scientific computation in fields of genome analysi lynami s, and
space development will put pressure on the improvement of high 1 LSIs.
Maksively parallel system will serve as a good design Mixed
tec rmous
pr

5) Perponalized digital equipment
Peronal computers have becony wid ity\i bss and
porttability, and have contributed a1 SCIY halized
digjtal equipment will ¢onti in ai g r those
systems will not only be hig 3 3 reover,
the|progress in § igitalls rmance
technology is twpo : in multimedia and HCI (human-computer interaction)
tec

Having e three

categofi

1) Pro
Likie the_for R i§ LSI is relatively stable in terms of product specification, and can compejte with
othprs to achiéve~a worldfecord by making good use of the latest process technology. It is desighed for
mags-product,Jand seperal years are usually spent in designing. Its performance is moderately high,
corhbinifig the existing logic and circuits and aiming at mass-product.

2) Performance-oriented LSI

The LSI’s specification, including those at the architecture level, are at the discretion of the design side,
although its framework is fixed just like the microprocessor. It is designed by making good use of advanced
design technology at every design level, such as architecture, logic, circuits and layouts. However, the latest
processes are not necessarily used. So the difference in the design technology becomes quite apparent.
Sometimes, several years are spent in designing. Such fields are called leading edge system LSI.
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3) Market-oriented LSI

This is a widely used LSI, because many systems adopt it. Many LSIs that are used in various built-in
systems and information telecommunication equipment, etc. are classified in this field. Most of them are
being developed in a short period because their market value is decided by the time function. System LSI
included in this classification should deal with various specifications of the system in addition to short-term
development. It should be based on the technology which optimizes the performance of LSI by using a
standard core for a specific usage. The system LSI which will become the main stream in the future will be
included in this classification. Because of the unification of system and LSI design, the traditional design
method cannot be applied. This LSI could be considered to have a form suitable for the vertical and
integrated industrial structure in Japan.

In this roadmap, we focus on a market oriented LSI, especially, a system LSI which has a core based on the

lea
Fig
Ch
the

2.1.

With tl
betwed
be a pq

In the
the prd

ling edge technology in 2002. We named such a core-based system LSI as “Cyber<Giga-Chip(
ure 3 shows the specification of CGC. CGC has several such cores, and is used
ipter 3 explains the specification and summarizes the results from the intervigiws With designe
viewpoint of “what will be needed in EDA technology for the design of CGCX

Memory
(DRAM)

Flash

Signal I8 ~0.13 um
Processing . . ates
H/W
5M Gates
N
Specific \ssg\ - Mixed Technologies
Analo
H/}\ \(\ DRAM /Flash/Analog
N\~ « DRAM

’\ 256M ~ 1Gbits

\/ IEC  2889/2000

ile of Cyber-Giga-Chip in 2002

esign Environments in 2002

tase of process-orfented LSI, it is important to develop a good process and to utilize the characteri
cess., Therefore, it is thought that the relation between the process technology and the EDA tech

becom

CGC)”.
ystem.
s from

works
ch can

stics of
nology

es—stronger As 1n the case of anprnnmpnﬁno dpqign mpfhnr]n]ngy and FDA tpr‘hnn]ngy
=}

or the

performance oriented system LSIs will be limited to a group of organizations. In market oriented system LSIs,
design methodology and EDA technology will be supported by various industrial demands and EDA technology
will therefore continue to develop. In application-specific system LSIs, CAD technology is seen as a
fundamental technology for a two-way (upward and downward) silicon compiler between system level and
process level. As application-specific system LSI design is involved in multi-level system descriptions, different
styles of IP descriptions, and a hardware/software mixed system, and verification of design becomes important.
Methods to distinguish “good” IPs from “bad” IPs are also required.
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2.2

EDA Technology in 2002

With a spread of system LSIs, LSI design method based on core processors will become main stream, as shown
in Figure 4, and the LSI design flow will be changed accordingly. The design workload is partitioned into
system designers, silicon designers and process designers. The current practice of LSI design is that several LSIs
are used, and the job of a system designer is merely to combine these LSIs to produce an “optimal” system.

Therefore, LSI and process design are proceeded independently of each other. However, in order to
an “optimal” system LSI for “optimal” system, the system designer must consider the best means to achieve the
“optimal” system at hand under the given circumstances. CAD tools for system designers are desirable to assist

design
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Table 3 — EDA Technology Problems of Digital Circuit Design
(System Design to Architecture Design)

Digital
A Specification B Estimation C Verification D Synthesis E Test
1. 1A(1) 1B(1) 1C(1) 1D(1) 1E(1)
System Standard System Performance System Level Hardware/Software | Test Strategy
Level Modeling Estimation of Simulation Partitioning Decision for System
System (Application (Hardware
1AQ2) Software/ Compiler/ 1C@) D) oftware)
Standard System Hardware) System Level System Leve
Description Emulation Library (I
Language (SLDL
etc.) 1C3)
Formal Verification
(System Spec. vs.
System)
2. 2A(1) 2B(1) 2E(1)
Architdcture | Standard Architecture Level rchitecture Test Strategy|
Architecture Level | Estimation (4fea; S esis Decision for
Modeling (Including| Timing, Powe Architecture
Domain Specific Floorplan)
Models)
2A(2) 2D(2) 2E(2)
Standard Co-Synthesis Architecture Level
Architecture DFT
Descriptd
(VerilogHDE,
VHDL et€)
Table 3 shi logy)problems in system design and architecture design of a digital circuit. In|system
design] it is n€ to,deal’ with Standard System Level Modeling, Standard System Description Lahguage
(SLDL etc.), System.Level Simulation, Performance Estimation of System (Application Software/ Copmpiler/
Hardwpre) (, System LCével Emulation, Formal Verification (System Spec. - System), Hardware/S¢ftware
Partitignings System Level Library (IP Core, Middleware), and Test Strategy Decision for System (Hdrdware
/Softwarcj—tmarchitecturcdesigm—thetterms—are—Stamdard—Architecture Eevetvodehimg—(inctudmg P omain

Specific Models), Standard Architecture Description Language (Verilog HDL, VHDL etc.), Architecture Level
Estimation (Area, Timing, Power, Floorplan), Budgeting (Area, Timing, Power, Floorplan) for RTL, Formal
Verification (System - Architecture), Validation / Simulation, Architecture Synthesis, Co-Synthesis, Test
Strategy Decision for Architecture, and Architecture Level DFT.
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Table 4 shows the technical issues of EDA ranging from RTL / logic design to manufacture interface in a digital
circuit design. In RTL/logic design, it is necessary to consider problems, such as, Standard RTL (Synthesizable)
Modeling (Including Graphical Model), Standard RTL Description Language (Verilog HDL, VHDL etc.), RTL
Estimation (Area, Timing, Power, Floorplan), Budgeting (Area , Timing, Power, Floorplan) for Logic Synthesis,
Power-rail Estimation, False path free Timing Analysis, Formal Verification (Architecture - RTL, RTL - Gate),
Function/Timing Verification beyond Gate Level Simulation, Test Pattern Generation for Mixed IP Chip on
Function and Timing Verification, Timing Driven Synthesis, Reverse Synthesis (from Gate to RTL), RTL
Synthesis, Incremental Design Methodology, Logic Synthesis with Parameterized Cell/Macro Library (Vdd and
Vth), Timing Budgeting and Function Porting for Mixed IP chip, Standard DFT Interface for both IPs and inter
IPs, Design for Fault Diagnosis, and Multiple Fault Models & Test Methods. In the circuit, it is necessary to
take account of the Process Variation Model (Accurate Circuit Simulation), Power/Noise/Electro-magnetic
Analysis, Accurate Model for DSM Process, Parameter Extraction, Timing Verification on Real Environment
(consider Package, Board etc), Transistor Circuit & Layout Synthesis (from RT/Gate fewe terized
Cell/Macro Library Generation and Simulation with Vdd and Vth Variation, and Perfo, int [Driven

Procesp Migration. In a layout design, we have to consider Standard Physical Descrigti guage h-speed
Verifidation, Power-rail Routing, Simulation based Layout Synthesis, High spoe )a essing,
Decisipn Support for Multi-Layer Routing, Layout Synthesis with Parameterized ‘ [ ibra Vldd and
Vth), and Layout Design for Test. Speeding-up of mask processing is a big’probklei Y face to

the maphufacturing equipment.

S
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Table 4 — EDA Technology Problems of Digital Circuit Design (RTL to Manufacture Interface)

Digital
A Specification B Estimation C Verification D Synthesis E Test
3. 3A(1) 3B(1) 3C(1) 3D(1) 3E(1)
RTL/Logic Standard RTL RTL Estimation (Area, | False path free Timing | Timing Driven Standard DFT
(Synthesizable) Timing, Power, Analysis Synthesis Interface for both IPs
Modeling (Including | Floorplan) and inter IPs
Graphical Model) 3B(2) 3CQ) 3D(2)
Budgeting (Area , Formal Verification Reverse Synthesis
Timing, Power, (-Architecture vs (from Gate to RTL)
Floorplan) for Togic R )
Synthesis T 3D(3)
(-RTL vs. Gate)
RTL Synthesis
3A(2) 3B(3) 3C(3) 3D(4)
Standard RTL Power-rail Estimation | Function/Timing Incremerftal Dasi t
Description Language Verification beyond Methedolo tiple
(Verilog HDL, VHDL Gate Level Simulation Test
etc.) 3C4) 3D \
Test Pattern Logic thesis with
Generation for aramotlrize
IP Chip on Fufiction CettMacro Li
and Timin dd Vth)
Verificatio 30¢
3ming dgeting and
Enndtior Porting for
Mixgd IP chip
4. 4B(1) ~4s(1)
Circuit Process Variati Transistor circuit &
Model (Accurat Layout Synthesis
ircuit Sjmuylation) (from RT/Gate Level)
4D(2)
Parameterized
D ocess, Cell/Macro Library
rameter Extraction | Generation and
Simulation with Vdd
and Vth Variation
4C(3) 4D(3)
Timing Verification on| Performance
Real Environment Constraint Driven
(consider Package, Process Migration
Board etc)
5. 5C(1) 5D(1) SE(1)
Layout High-speed Power-rail Routing Layout Design|for Test
Verification 5D(2)
Simulation based
Layout Synthesis
5D(3)
Hich cneed Macl Doty
o i
Processing
5D(4)
Decision Support for
Multi-Layer Routing
5D(5)
Layout Synthesis with
Parameterized
Cell/Macro Library
(Vdd and Vth)
6. 6D(1)
Manufacture Interface Technology
Interface for Mask

Manufacturing
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Table 5 — EDA Technology Problems of Analog Circuit Design

F Analog
1. System
2. Architecture
3. RTL/Logic 3F(1)
Standard Analog Modeling (for Mixed Signal Simulation)
3F(2)
Analog/Digital Mixed Signal Simulation
3F(3)

System Level Analog Modeling
3F(4)
Synthesis from AHDL

4. Circuit

5. Layout SE(1)

Analog Cell Generation

6. Manufacture Interface

andard

Table p shows EDA technology problems in the analog
} : Level

Analog Modeling (for Mixed Signal Simuyfation), A
Analog Modeling, Synthesis from AHDL, andh\A
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Table 6 — Problems of EDA Technology in Software Design and Entire design

Table
softwa

Custori

and Sd
and AS

2.3

This rd
reason

5 yearq i

roadm
Thus v
need (i

We en
on site
next gq
its bus|
associg
estima
our co
in 200

G Software H Entire design
G(1) H(1)
OS Generation/ Customization Design Re-use
G(2) H(Q2)
Software Core Generation/ Customization Design Flow Management
G(3) H(3)
Software Compiler Generation Asynchronous Circuit Design RN

G4)

Unified Software Development Platform for

various IP Cores Q Q
G(5) \ >
Software/Hardware Co-Simulation Q \

N

b shows technological problems of EDA in the software deyign @s welh\as the entire design.
e design, it is necessary to deal with OS Genexation/ sza'n, Software Core Geng

Platform for various IP

with\Design Re-use, Design Flow Manag

anidranalyzes the requirements of the semiconductor industry for EDA technology.

In the
ration/
Cores,
ement,

ssible.
iy, the

digners.

aind the

signers
for the
ding to
pblems
'mance
ifjcluded

mments on each problem. The following describes the expected picture of the semiconductor ipdustry
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3. Requirements for EDA Technology

The purpose of this chapter is to specify the environment that surrounds the EDA technology. To be more
specific, we define a system LSI called Cyber-Giga-Chip as a design target in 2002 and analyze the demand for
EDA technology.

3.1 Profile of Cyber-Giga-Chip

In this

to proy
the sys

M
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“

(6))

(6)
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The sp
called
as CP{
import
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50-60W; pow;
npmber of I/
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hrallel Processing: On-chip RISC multiprocessor (M
applied to a portable equipment for myltimedia.

ide basic information for defining the system LSI, the investigation result conce
tem LSI in 2002 is shown.
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Figure S — Profile of Cyber-Giga-Chip in 2002


https://iecnorm.com/api/?name=55153da6b01830e7280f01f52030984f

-20- TR 62017-2 © IEC:2001(E)

Table 7 shows the specification of the core in CGC. In 2002, the semiconductor manufacturing technology will
use 0.13 to 0.18um rule; the clock frequency of CPU cores will be 400MHz; the performance of DSP cores,
3GOPS; the transmission speed of the internal bus, 4 G bytes per second; the display performance for 3-
dimensional graphics, SGFLOPS; the power consumption of an analog / digital converter, 2 mW; the number of
logic gates, SM; and the size of DRAM, 256M to 1G bits. Process lines of CGC and high-end processors are
different, because CGC consists of a various kind of cores. Therefore, the clock frequency of CPU cores is a
half as compared with high-end processors.

Table 7 — Specification of Cores for Cyber-Giga-Chip

Embedded Cores 1997 2002 2007
—FProcess 025 O T8~ 013 0 T=0-07
100 MIPS 500 MIPS 3 GIP
CPU
100 MHz 400 MHz 6 Hz
A

DSp 1 GOPS 3 GOPS

N\
BUS 3GB 4GB /N \ \ \N\GB

3 D Graphic 1 G Flops 5 G Flop, \ G W
(Display) Z\ \
Analog (ADC) 5 mW /’r‘n‘“\ N \\/

(10 bits 20 MS/s)

DRAM 64 Mbits :{56 1\&} Gbits\ 1 ~4 Gbits
N\ A,
N

MS/s = Mega Sample/second

&
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3.2 Requirements for EDA Technology

This section summarized those requirements for the EDA technology that were obtained via the interview of LSI
designers. The design process consists of system design, architecture design, RTL design, logic design, circuit
design, layout design, test design, mask design, package design, and testing. It is classified into one group for
each design phase and one more group for the entire design.

Table 8 summarizes the EDA requirements obtained from LSI designers. In the table, rows show the design
targets and column show the design phases.

Table 8 — LSI Design Requirements Table /\(\

ategory
Desifzn Size | DSM| Speed | Power|Funct | TAT | Reliab |1 Others, Su
Prodess ion ility / \ N
Product Spec. 9 3 4 3 2 ~2 \ 7R \AKS
Systém/Algorithm 71 2] 6 | 7] 2] 19 2 Rl 4\| s0
Arclitecture 4 | 2 6 3 |2 | s i ™ 27
RTIL 2 | 1| 4 | 3 /5 A D 15
Logit 2 | s 5 YN 16
Circhit 2 | 6 5 4 I N5 4D ™™ 1 26
Test NEN rN 7 )72 9
Laydut 1 | 7 4 |\u N[ 14
Mask 1 2
PacKage K
Test|ng { 40 | 5 1 13
Othdrs g FERNERE 1 4 8 34
Sub-total [30n0~28 | 38 NNE3 61 17 16 | 19 241

The table shows th@b i einted ouMnands.

Requirements in Systey

M

2

3)

“

(6))

(6)

(7

T date, seftware o its, digital circuits and memory are developed independently. Sqon, an
ifjtegrated, system \ \ hich implements all elements on a single chip will be on market. To
r¢sportehto demand§3wiltly, optimization methods for those integrated systems will be necessary.

—

Al standard design description will be necessary. Writing comprehensive specificationy is an

Spmiconductor designers may have to develop software for the chip. In such circumstances, pfogram
development tools, such as compiler, on-chip debugger, or on-chip ICE (In Circuit Emulator) will be
pcossary.

=

The abilities to describe accurately, understand, and verify the specification, are vital to improve the
efficiency of LSI design. In particular, It is important for silicon designers to communicate with system
designers. Therefore, it is desirable to develop methods and tools that assist such communications.

It is necessary to develop EDA tools that assist Hardware/Software co-design using hard-cores and soft-
cores.

The modeling for CPU cores becomes more important as more functions are implemented on a CPU core.
Simulation models incorporating CPU cores or architecture-level simulator for pipeline will be necessary.

Design methods for CPU architecture, to minimize the program size, and communication tools for OS,
compiler and LSI engineers will be necessary. Parts for communication will be reused as standard
modules. A Hardware/Software co-design environment will be necesssary, for instance high-speed
emulator with FPGA that can debug on OS even if a chip is not completed.
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(8) It is difficult to improve multi-level circuits and analog circuits, because Vdd mould drop down. The use of
analog circuits will be limited as much as possible. Using DC-DC converter, the user interface will be
implemented using analog circuits, while inside will be implemented using digital circuits.

(9) High-level design tool such as those for evaluating tradeoff between frequency and the number of gates will
be necessary.

(10) A power management system, which controls the internal voltage, will be introduce at various levels. A
design tool for power management, such as sleep control, will be necessary. For example, a statement
meaning “Shut off the power" should be included in the HDL (Hardware Design Language).

(11) The discrepancy between architecture level and RT level must be resolved immediately. An automatic
synthesis tool from architecture level to RT level, or verification tool within the architecture level will be
'-'“' e e a - 1 . a 1 -- a’ .l 1 ne ja

(12) Lpyout tools, such as a placement and routing tool based on timing profiling § ti-layer
placement and routing modeling and tool , and a tool for analyzing coupled wirgs

Perfoimance Estimation

(13) Qurrently, elements such as software, analog, digital, or memory arg 19nedse e ver, in
ystem LSI design, these are integrated into a chip as a consolidafion systesy, ‘There 'mance
eftimation technology for consolidated system becomes important:

w

(14) The performance of a high-speed processor depends i e ity of its implementation.
Therefore, performance estimation tools for the pipeline and ¢ S

(15) P

(16) A
C

power

(17) Ip embedded system, the demand for product perfornas ccurate

=

Analog Design

(18) Effficiently designing a “a design.
Phrtitioning t y
bgcome impo /

b HDL

(19) D n, and
tg ogy is
e ch and
d

20) In axalog/mi dle the

(
npisea s p tion to

discuss

(21) How to-speed up the external clock is also important. Speed-up of the interface, design and power|supply
of the' board, and uniting of the internal chip technology and the board technology. are needed.| Total
simulation technology, including the board, is needed to achieve freedom from skew problems.

(22) The techniques and tools are necessary to lead low power consumption design by appropriately using
analog/digital/sensor circuit.

Design Property Reuse

(23) The design reuse technology of the digital circuit and the analog circuit is extremely important. It is
necessary that the reused circuit need not be used as it is, but designers are able to modify it.

(24) The enhancement of the modeling technology for CPU core becomes important, because CPU cores will
become more multi-functional.


https://iecnorm.com/api/?name=55153da6b01830e7280f01f52030984f

TR 62017-2 © IEC:2001(E) -23-

(25) The reuse technology of the processor core will be important. The core of CPU and DSP will be
standardized for efficient software development. Property designed in a language can be reused when it is
well verified.

(26) Core based design for digital circuit is inevitable. As for the analog circuit, it depends on whether the
analog circuit is described in a language. 80% of analog cores can be standardized. Analog circuits, which
can not be described in a design language, might not be IP. The standardization of the interface between
modules is also indispensable.

(27) 1t is necessary to standardize the IP interface for consolidation of LSI with DRAM. Correspondence with
various memories (DRAM, ROM, Flash) is also important.

(28) The cores of analog circuits cannot be practically reused, unless there is a technology which automatically
generates-testpatternsto-verHirthe-corefunetions:
(29) Verification technique becomes essential in the case that the core is bought in from, des Mareover, it is
ngcessary to standardize the inspection method for modules.

(30) Ifjis necessary to promote data standards for EDA tools.

Designl Flow Control (Version Control in Team)
(31) A version control mechanism in design and manufacturing managemen

(32) Lharge-scale circuits are normally designed by a team of engi : tes. In
sfich circumstances, simulation tools and verification too}s fo X n team
njembers' contributions will be necessary. In addition picaty an ols for
dam designs will be necessary.

=+

Edit Dlesign/ECO

(33) The prompt response to changes of desig AN i cus on
He changes, such as incremental simulatipn a

[

(34) Prototyping, for exa with PR i rs.
(35) Al co-simulati@ re) will
b¢ necessary.

(36) Chip design apd board desi circuit
bpards, will be ieve ske i

Devicd Mode

(37) With'the progeess\ofideep submicron technology, the impact of margin on performance and cost capnot be
ngglected Q stimate
will be necessary,

(38) Alt ptesent, LSI designer must consider constraints on power/voltage supply, temperature, and pag¢kages.
I\d€sign method that takes automatic care of those constraints will be necessary.

(39) Synchronous design is limited by the ability to estimate the discrepancy in interconnection delay. Estimate
for interconnection delay needs to improve for quality synchronous design.

(40) More control over margin in LSI design will be necessary.

(41) A new breed of methods and technologies will be necessary for LSI running at more than 500 MHz. Tools
are required that can handle voltage drop, impact on inductance, and in-line capacity. Verification tools for
discrepancy introduced in manufacturing process, models for multi-layer routing delay, and integrated tools
for placement, routing and timing analysis will be necessary.

(42) Precise modeling will be important.

(43) Extensive libraries will be necessary. Libraries will be parameterized (e.g. by Vth and Vdd).
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Timing Analysis and Delay Calculation
(44) Timing verification methods to identify locality in behavior will be necessary.

(45) As with large-scale and high-speed LSI, effective description and verification for timing constraints at a
system level will be necessary. It must be possible to make each block synchronous, even if the whole
system is asynchronous. New methods and tools for such timing constraints will be necessary.

(46) Reduction on power, wiring delay and noise will be the important issues. CAD for wiring delay and for
multi-layer interconnection, and a simulation tool that measures wiring after layout will be necessary. Large
current switching, parasitic resistance, and inductance should be considered in measuring the effect of

noise.

(47) Al placement and routing tool based on timing profiling simulator, a multi-layer pla routing
model and tool, an analysis tool for coupling wires, and a layout tool to guaran k ior"will be
ithportant.

(48) The bottleneck in reading data from DRAM in Logic/Memory merged LS
njethods to control timing depending on the distance form the controller

d. Design

(49) Spnchronous design is limited by the ability to estimate the discrepancy in inte Y ) tay. Eptimate
fqr interconnection delay needs to improve for quality synchrono i

(50) Al new breed of methods and technologies will be necessar th 5 ols are
r¢quired that can handle voltage drop, impact on inductg i i ols for
d|screpancy introduced in the manufacturing process, mpdels ( d tools

fqr placement, routing and timing analysis will be neg

(51) Iproved efficiency and more accurac related

qgic bugs will be necessary.

—_

Asynchronous Circuit Design Automation

(52) Design methods to cope gimidtan E Wi G system
will be necessary.

(53) A demand for skew- but the

ppsitions of chj
(54) As with large- 2 i ffective description and verification for timing constraifts at a
ystem level will b€ } ible system
agynchronous. Xev

w

(55) Verification \ nously

(57) A chip sm XxJ8 cm is rarely designed in a complete synchronous manner, since the chip| would
tdke more than one olock cycle to transmit a signal from one edge to another. Design aid tools for gircuits
that behave' synchrofiously within a block but asynchronously between blocks will be necessary. Synthesis
apdwerification tools for asynchronous circuits will be necessary.

Formal Verification
(58) Formal verification should be incorporated into simulation.

(59) Large-scale circuits are normally designed by a team of engineers who may be located in different sites. In
such circumstances, simulation tools and verification tools for the large-scale circuits assembled from team
members' contributions will be necessary. In addition, communication tools and version control tools for a
team design will be necessary.

(60) Distributed simulation as well as hardware engine will be necessary for large-scale circuits. Formal
verification at function design level will be necessary.
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Verification and Test of Analogue/Digital Mixed Circuits

(61) Verification, BIST, automatic test pattern generation, and test pattern description for analog/digital mixture
circuits have not been researched. In particular, testing for analog/digital mixture circuit including active
components will be one of the most challenging problems.

Design environment and tools to support BIST in analog/digital mixture circuit will be necessary.

(62) New testing and better coverage rate of BIST will be important as the number of pins increases.

Verification and Test in System on Silicon (SOS)

(63) New test methods will be necessary for new implementation methods such as multi-chip module and chip
bnding. There remains a fundamental problem in testing before and after bonding. Boundary scanning that
vers inter-chip scanning will be necessary.

b
c
Design environment and tools to support BIST in analog/digital mixture circyi
N

(64) New testing and better coverage rate of BIST will be important as the numbex, of pins increase
High-Speed Logic Verification (Speeding Up Logic Simulation)
(65) Lpgic simulation takes longer as the size of circuits increas verification will be

ngcessary for large-scale LSI.

(66)

(67) bn will

These

(69) for the

OC necessary.

and Vdd will be necessary.

(72) awi N emory at the rate of 1-2 G byte/sec by 2002. ASIC design to manage irfterface

designs will'se necessary, too.

(73) Jlock(distribution™will be complex as LSI technology progresses. Better skew-management methqds and

tdolscfor clock distribution will be important. CAD that quantitatively analyze crosstalk noise will be

neeessarys

(74) In clock design, CAD that supports gated clocks will be necessary. CAD that can evaluate the effect of
noise in low power design will also be necessary, as well Layout CAD that can handle clock skew.

Noise

(75) Noise is a big problem in digital/analog mixture circuits. A design environment that can deal with noise
between analog circuits and digital circuits, noise due to bulk current, or to coupling of high frequency
circuits will be necessary. Crosstalk should be considered on chip as well as between chips. Noise
simulation will also be necessary.

Power Design
(76) Measurement for power supply drop will be necessary.
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Layout (Placement and Routing)

(77) A planar DRAM may be the only practical candidate for DRAM core. A high-speed interface for memory
should be standardized. Layout tools that deal with cell capacity and bit-line capacity in memory will be
necessary for DRAM cores.

Process Migration
(78) Technology migration that guarantees behavior of analog circuits will be necessary.

(79) Process-independent design for memory will be necessary. Blocks implemented using old technology
should be re-implemented using the new technology in a short period and with a minimum effort.

(80) Memory generation technology and automatic generation technologoy for peripheral circuits (ana]no/’ﬁgital)
E=} p=2 =} p= I I R=}

will be necessary.

(81) Lpyout CAD that automatically adjusts the size of transistors will be necessary.

(82) Productivity improves significantly if the following methods are established; the b trol errors
ptoduced by libraries, library generation that takes account of errors in CAD\ and”the of lanalog
circuits library. In particular, method to respond promptly to changes 3

Test

(83) The design that takes account of tradeoff between testing e. Itis

ithportant to devise methods for an increase in testing cifiterig d igi circuit
by a digital tester, and for self-testing of A/D an j ogy to
dgcrease the test cost like the test using fa§th\fouri

Fault Analysis
(84) Analysis for fault operations will be nece sary%

On-boprd System Verificatio
(85) The support for board desi
(86) Al processor wi

will be on ma Jnt
will be necessary.

(87) Phckages an
standard pgek

(88) Al standard, interfasg

mented
MCM

br such

Mask Process
(89) Shortening mask

Softwgre Design

(90) There remains a problem of development of OS for multi-processors.

(91) Software parts will be important. Software deals with demands for more functions like modem or driver.

Design Description Model

(92) The abilities to describe accurately, understand, and verify the specification, are vital to improve the
efficiency of LSI design. In particular, It is important for silicon designers to communicate with system
designers. Therefore, it is desirable to develop methods and tools that assist such communications.

Chapter 4 summarizes the above-mentioned design requirements from the viewpoint of the EDA technology.
Table 9 shows the correspondence of design requirement items (Chapter 3) and EDA technology problems
(Chapter 4). Each item in EDA technology problems of Table 9 corresponds to that in from Table 3 to Table 6.
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Table 9 — Correspondence of design requirement items and EDA technology problems

Chapter 3 Design Requirements Chapter 4 Problems of EDA Technology
1 Requirements in System Design 1A(2),1B(1),1C(1),1D(1),1F(1),1D(3),2B(1),2D(1),2E(2),
G(3),G(4),G(5)

2 Performance Estimation 1B(1),2B(1),2B(2),3B(1),3B(2),2D(1)
3 Analog Design 3F(1),3F(2),3F(3),3F(4),5F(1)
4 Design Property Reuse H(1)
5 Design Flow Control (Version Control in Team) H(Q2)
6 [ Edit Design/ECO 3D(2),3D(4) T
7 System Emulation(Including Software Verification) 1CQ2) /\Q

Device Model and Characteristic Extraction 4B(1),4C(2),4C(3) /\\ \
9 Timing Analysis and Delay Calculation 3B(2),3C(1) \ \ v
10| | Asynchronous Circuit Design Automation HQ3) < \ \ >
11| | Formal Verification 1C(3),2C(1),32) \ \\ \
12| | Verification and Test of Analog/Digital Mixed Circuits 3F(5) \\/
13| | Verification and Test of System on Silicon (SOS) 1E(1 3D(®(1) 3\6(\) )
14| | High Speed Logic Verification(Speeding up Logic @\32( / G >

Simulation) /\
15| | User Interface of Functional Design (Effective> H(1)

High-level Design)
16| | Power Management ( (\ %QNQ@D(S)
17| | Clock Control /\ /\\ \ N3 1)\,39(3)
18| | Noise N \\l —~ 4CMC(3),5D(2),5D(4)
19| | Power Design L \ 3B(3),5D(1)
20 Layout(Placéne@nd %)uting) < \/ 5A(1),5C(1),5D(2),5D(4),5D(5)
21| | Process Migratio/\n( \/\\) 4D(1),4D(2),4D(3)
22| | Test ( \ ) 1E(1),2E(1),2E(2),5E(1)
23| | Fault W\ \ 3E(2)
241 | Opehoart Syst@\%(iﬁc\a{ion 4C(1),4C(3),
FIEENRNS SD@).6D(1)
26| | Software si‘gn \ G(1),G(2),G(4),G(5)
27| | DeSign DescriModel 1A(1),2A(1),2A(2),3A(1),3A(2)
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4. Problems and Targets of EDA Technology

In this chapter, we will present the problems and targets of individual EDA technology. We will analyze the
requirements from LSI designers, as described in chapter 3, from the aspect of EDA technology. Then we will
summarize problems and targets of EDA technology. In the following, we classify them into four categories:
digital circuit design, analog circuit design, software design, and the entire design, and how the EDA technology
will change from current (1997) to 2002, and after-2002 is described.

4.1 |Problems and Targets of EDA Technolo g
Circuit Design

In this|section, we will describe the problems and targets of EDA technoldgi~a

architegture design, RTL/logic design, circuit design, layout design, and manufactu®(in rfa S

design

4.1/ System Design

Table 10 — Problems. of

Design

AXTechnology

igital

design,
circuit

E Test

1E(1)

Test Strategy
Decision for
System (Hard
Software)

are/

R
A Speciﬁcati0n< i C)Verificgtion D Synthesis
1. 1A(1) C(1) 1D(1)
Systgm Sta >ystem Level Hardware/Software
Sys Simulation Partitioning
Mode
Al 1C(2) 1D(2)
System Level System Level
Emulation Library (IP Core,
Middleware)
1C(3)
Formal
Verification
(System Spec. -
System)
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Item Standard System Level Modeling
Position : 1-A(1)
Outline :
At system level, a model is standardized to express systems.
The specification, behavior, function, composition and constraint of a system are
described in these models.
Current There is no standard model. Specification, behavior, function, composition, and constraint
(19;7) Uf d bybLClll alc vagucly CAPlCDde l«lbillg bubll dibullilcd ICVC‘I dlld lllCLIIUd ad I.IIC 11Ula‘liU11,
table, description language, and natural language. There is no standayd model, theugh
algorithm and behavior of some parts of a system are expressed by Vv HDL,
and C language.
2002 A basic model will be established using notation and language\to express d efire
specification, behavior, function, composition, and constrau(/o%\gx at systemNevel.
After P002 | A model will be established to express macros ang/t d hardware
completely. A system will be expressed completely using an o e nd abasic model|
The model corresponds exactly to the system des 1pt1o an age and\its iMplementation.
Iteim Standard System Level Description Langtage DL c)
Position : 1-A(2)
Outline :
The system levehdescripti standardized to describe the specification
of a system, i d the software. The language is used for
performan including co-simulation), and behavior synthesis of
he G
Curfent There\lg 0 stan
(1997) and the
deve
2002 \es% tes system description language will appear, and tools to compile the
/\ u@ ill be furthier developed.
After P002 1ﬁcat10n description language will be standardized, and several venders|
Is to compile the language.
Macros Wwith high function will be standardized. IP business for these macros will become
activate.
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Item Performance Estimation of System (Application software/Compiler/Hardware)
Position: 1-B(1)
Outline:

Performance analysis technology and automatic optimization technology are necessary for
the environment to develop the software for the processor core. A technique to evaluate
the performance of algorithms is one of the ways to evaluate tradeoffs in the architecture

design phase.
Curremt Stmmotators—amd—debuggers—for—gerneral=purpose—processors—exTsts;but—the—tevet—of]
55 5 puip P
(1997) performance analysis and optimization varies depending on the tools.

In general, the simulation environment is not sufficient, though(there (arg speed-up
techniques of simulators for a specific processor.

The design environment for architecture is not sufficient, and/Al ali trongly]
on designer's skills.

tion), are in the research

the architecture in the application software
EDA tools for Hardware/Sofivare\codgsign (partition a st
level, and they are not yet practical.

2002 dized further and the level of optimization
le cesgor will be in common use, and itd
software develgp .
When we ugg a ce ixed or changeable in terms of the number]
of registers| a‘estimation techhy yi t to practical use. The estimation technique
esti S i f hardware to add to the core processor to satisfy the)
per
The confpilerscompiler will be put to practical use for processor and custom
hardwarg,
After 002

application, is put to practical use.
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Item System Level Simulation
Position: 1-C(1):
Outline:
System level simulation proceeds one of functional verification technologies assuming
that the system level description language is standardized.
Current The algorithm verification using C language is main stream. The system behavior
(1997) simulation with VHDL appears.
2002 A simulator is developed for a system description language.
The development of a model for simulators advances.
HDL and C are mainly used at a practical level. (\ x
After P002 | A simulator for a system description language spreads. w
The techniques for optimum partition and synthesis of W / so@va arg realized.
AN
Item System Level Emulation \/ G
Position: 1-C(2)
Outline:
System level emulation is a technolagyat systemNevef to emulate the entire system at highi
speed. /\ /TN
Curfent An emulatorbase on}APG isp W
1997
( ) AlthO)&%h i@t{re\l@ -speed-than a'simulation, it is later than a real tip.
2002 The%@a}%g@n Ve%{x &Qnﬁ\rc\w%t/em.
AfterP002 | A sirgmét@{sk\l{lﬁc\wh\e\é}\'r}(ystem at high speed by automatic starting a emulator.
Iteim ification (System Specification - System)
Outline:
Behavior and constraint of a target system are expressed based on a basic model.
formal verification tool inputs the model and verifies whether it satisfies the condition of
specification.
Current A formal verification tool is practically used at RT level.
(1997)
2002 Standardization of a method (language) starts to express behavioral constraints at system
level.
After 2002 | Formal verification starts to be used at development level.
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Item Hardware/Software Partitioning
Position: 1-D(1)
Outline:

A Hardware/Software partitioning tool partitions hardware and software for a system in
consideration of constraints such as area and performance. The tool targets a general-
purpose processor widespread as IP.

Current Estimation and partitioning are manually performed.
(1999
2002 Partitioning of hardware/software are manually performed, and a speci

in a system level description language. The development of t
estimation from a specification starts. Also, the development of a
tools starts.

After P002 | The best solution is obtained by partitioning hardwargg)fm m ‘the System)
X

description. Automatic partitioning tools appear. /\

SN
(o

Iteim System Level Library (IP Core
Position: 1-D(2)

iddlewade) \ G
Outline:
General-purpose functional blocks

are prepared
system expression. f\

library by using a basic model for

Curfent | There is no W 11@ \\)

(1997)

2002 MakJ/ng>f s}item 1€<¢1 l\lhglry\&Q}Na{sed on a system description language.

AfterP002 | A stan}g{d r%d\\gmgrepwestfm/gmctional blocks frequently used.

Itejm
A strategy to confirm behavior of a system and a mechanism to support the decision of
policy to coniirm its validity arc necessary at systeim level.

Current There is no mechanism of test strategy decision for system
(1997)

2002 A basic test strategy is prepared as a library for each basic component of the system.
Formal verification technology is used to confirm the best combination of the components
while referring to the library.

After 2002 | The library is enhanced.
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4.1.2  Architecture Design

Table 11 — Problems of EDA Technology in Architecture Design
Digital
A Specification B Estimation C Verification D Synthesis E Test
2. 2A(1) 2B(1) 2C(1) 2D(1) 2E(1)
Architecture Standard Architecture Level | Formal Architecture Test Strategy
ArehiteetareevelEstimation(Ares——Verifieation Syrthesis Deeiston-for
Modeling Timing, Power, rchitecture
. . (System -
(Including Domain| Floorplan) Archi
Specific Models) chitecture) /\< (\
2A(2) 2B(2) 2C(2) 2) \)
Standard Budgeting (Area, | Validation / rchitectupe Level
Architecture Timing, Power, Simulation D
Description Floorplan) for
Language (Verilog| RTL
HDL, VHDL etc.)

()
f\\// A\

Item Standard Architecture Level Modgling\Inc dlng omain\Speci els)
Position: 2-A(1)
Outline:
A standard model.is established to eha wate 4t architecture level.
Specification, i ompesitio d constraint of architecture are expressed
using this anel.
Curtent There is no standa ) T re iS\no unified method to express architecture. Notatioj
(1997) an arp used 1bing architecture of CPU, and data flow graphs and block
diag i i chitecture of signal processing. There exists a researcl
1nstance to re i ¢/on a unified level by HDL or GUI. Simulator ang
synt ols atatchitecture Jevel are also researched.
2002

After

rchitectureNlevel\a model is established using notation and language, and to expres
peci ionj\behayiorfunction, composition, and constraint of hardware.
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Item Standard Architecture Description Language (Verilog HDL, VHDL etc.)
Position:2-A(2)
Outline:

A description language is established to express specification, behavior, function,
composition, and constraint for "architecture model"

Current There is no standard description method. The description levels are not unified though
(1997) there is often a case, which describes the architecture of CPU using notation or HDL, and
simulates it. There exists a research 1nstance to standardize "architecture model" to unify

hehaxunaral dacerintion laval Meoraosx
D VIO G SCHPHOH 1O VeV eo Vet

description level are researched.

2002 Architecture description method is standardized correspondlng to Jarchit odel"|
using a sub-set of HDL (VHDL and Verilog HDL). f\

After P002 | "Hardware model" is established to express various Kkin
architecture description based on this model is standardized.
synthesis, and formal verification, are developed correspm@

Item Architecture Level Estimation (Area, Timing, Powe
Position:2-B(1)
Outline:

\\\w
R

Performance, area, and power a
designers to evaluate tradeoffs

(1997) on experience refo e tlma n accuracy depends on the skill of each

Curfent At architecture level des1gner est1 m ¢ area, and power of hardware, based
designer, and the.erro large

2002 Expressmn 0 i ure model" enables designers to evaluatg
result, they can evaluate various tradeoffs of

relatlv IM gh the absolute error is from +50% to -30%.

hi
After 002 ical 1 tion Jike synthesis and layout from low level design, they can
e ma e des1 objective considering constraints at architecture level.
err 118 -2

<\

Item
ing, Power, Floorplan) for RTL
Position:2-B(2)
Oa4ls
ULIIIIv.
Design constraints of RTL design (performance, areas, and powers) are decided at
architecture level. Design constraints are generated using estimation technology.
Current A designer decides manually design constraints (performance, area, and power) from a
(1997) specification. The designer iterates synthesis based on constraints, that is, designs by trial
and error.
2002 Design constraints (performance, area, and power) are generated based on estimation

technology. As a result, the number of iteration in logic synthesis decreases drastically.

After 2002 | Optimum design constraints are generated by improving the accuracy of estimation
technology. It becomes unnecessary to iterate logic synthesis.
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Item Formal Verification

(System - Architecture)

Position:2-C(1)

Outline:

The equivalence of system and architecture is verified.
Current There is no technology to verify the equivalence of system and architecture
(1997)

2002 Formal verification technigue enables designers to verify the equivalence of system an
architecture under constraints (or for only a part of the system). In this cgs€, seftware part
of the system is excluded.

After P002 | Formal verification technology enables designers to verify the e nce ®f systemNand,
architecture. In this case, software part of the system is included.

Item Validation / Simulation
Position:2-C(2)

Outline:

Validation and simulation te

System specifications and v

architecture by a sort of architectur

architecture such as number

evaluated.
Curfent C language b ed e sim at1 n 1s 1ng applied for some restricted systems
(1997) such as CP(,{em edde systems wever, i stlll not widely applied.

2002 Slmulators are le for vacious }ds/of architectures to validate them in terms of
che SIStenc ith ecification and to simulate hardware performance
asp

After 002 i tion te logies applied in architecture design level are improved,|
elated conditions such as specification, behavioral conditions)
ata, also performance related matters are available to be evaluated,

stage

Item ch1tect Mthesw
Positiom2-D(1)

Outline:
Architecture synthesis technologies synthesize architectures from behavioral description,
algorithm description, or system description of the target system.
Current There are research activities to synthesize architectures from behavioral description or
(1997) algorithm description. However, assumed behaviors or algorithms are very narrowly
limited, then there are no practically available tools.

2002 Architecture synthesis technologies become practical level, which synthesize from
behavioral description or algorithm description. Also, a synthesis technology from system
description is developed for some restricted "System Models".

After 2002 | Synthesis from system description becomes available for wide varieties of "System

Models".
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Item Co-Synthesis
Position:2-D(2)
Outline:

Co-synthesis tools analyze hardware/software tradeoff for the target system specification
description, and generate an architecture under the given parameters for CPU embedded
system as well as software compilers.

Current Though there are on going research level activities with co-synthesis technologies, those
(1997) still not reach in practical level.
2002 Co-synthesis technologies become available which cover limited arciitecturss for~the

system with having some specific CPUs.

After P002 | Co-synthesis technologies cover wide variety of architectures for the\ system i\th@

Item Test Strategy Decision for Architecture

Position:2-E(1)

QanY
N

Outline:

The cost for testing is estimated & archi i i ge. The estimation is taking]
tradeoff relations among area, power, andspee inte_consideration. The estimation results
help designers to de01de an gppr 1 in terms of the cost for testing
Further, the estj ion between the cost for testing and|
how much it is\eliable and co Pinally, the estimation needs to become an
mtegrated cision sup 0 sy for the test strategy addressing not only selection

of DFT tec ni 1ncl ding\IP selection.

Curfent Est the «ost TeE testin d the decision for test strategy is relied on the
(1997) des1g /(XN:Q ing sxpertencedskill.

is autgmatically estimated at architecture level with exploring
d information of IP specification.

of a DFT technique and an IP is automatically selected in the
. The selected DFT technique and IP is applied as one of the design
an automatic architecture generation.

After 002 Wd DFT technique and IP during the architecture generation stage are]
automaticdlly transferred into each following design stage. As a result, test patterns are)

automatically generated at the end of design stage deriving from information coming
down from the former design stages.

The estimated cost for testing is applied as one of the tradeoff aspects at
hardware/software partitioning.
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Item Architecture Level DFT
Position:2-E(2)
Outline:
The most suitable DFT technique for the target architecture is determined taking tradeoff
versus the required time for testing into account. So that, the cost for testing can be
optimally minimized by means of some estimation technique at the architecture design
stage.
Cul Clli L/LlllUllLly, d lel bl,ldl,ng lb UCMIUCU auu dbbUbldLCU JJF l LUblullun lb uCLUlllllllCU dt l,ll
(1997) gate level design stage, not at architecture design level. Hence, the applied tost strategy
may not be the most suitable one.
2002 The cost for testing can be saved, because an architecture design }év
technology is established for DFT methodology altematlves sych
and BIST.
After P002 | New DFT methodologies such as another self-testing t iqu fo st nce re}/veloped

and applied. Wide varieties in choosing a test methodelogy
contributes saving the cost for testing.
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Digital
A Specification B Estimation C Verification D Synthesis E Test
3. 3A(1) 3B(1) 3C(1) 3D(1) 3E(1)
RTL/Logic | Standard RTL Area, Timing , and | False path free Timing Driven Standard DFT
(Synthesizable) | Power Estimation | Timing Analysis Synthesis Interface for both
Modeling at RT level IBs-anQ inter IPs
(Including
3B(2 3C22 3D(2
Graphical Model) ) ) &
Budgeting (Area, | Formal Verification| Reverse SyntheSis
Timing, Power, . (from Gate to
(Architecture -
Floorplan) for RTL) RTL) /\

Logic Synthesis

(RTL - Gate)

3AQ)

Standard RTL
Description
Language
(Verilog HDL,
VHDL etc.)

.

A\

3B(3)

Power-rail

Estimation <

¢

Logic Synthesis
with Parameterized
Cell/Macro
Library (Vdd and
Vth)

3D(6)

Timing Budgeting
and Function
Porting for Mixed
IP chip

N
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Item Standard RTL (Synthesizable) Modeling (Including Graphical Model)
Position:3-A(1)
Outline:
An RTL Model, including graphical model, is standardized.
Current Standardization activity is in progress, but not so aggressive.
(1997)
2002 Standardization is achieved
After P002 | A standardized RTL model is widely used. (\
Itejm Standard RTL Description Language (Verilog HDL, VHDL etc.) \>
Position:3-A(2)
Outline:
A generic RTL standard model other than for logic @hesm 18 nee
Curfent There is no standard RTL Is e r i i¥7  On the other hand,
(1997) standardization of an RTL mo el is\de ed as aninput for cycle-base simulation, formal
verification and so on.
2002 The standardization of the RTI.(mod(eLJ\ ah}\&\. \>
AfterP002 | A standardlzedéﬁk\mom\wy\s\\ N
Item e&s@on at RT level
tion and optimization of a system, a highly accurate area, timing
(\ er-cstitpation at RT level is required.
Curtent Mlmmg, and power estimation technique at RT level is developed and
(1997) ing practically to some extent, estimation results accuracy is not satisfactory because
ic synthesis based technique
2002 With the spread of IP based design style, performance information such as area, timing,
and power associated each IP is managed and maintained in a database. As a result,
estimation accuracy becomes around 10% or hopefully less.
After 2002 | Design stages to apply performance estimation of a system moves upward from RT level.

Particularly, estimation techniques at architecture design level progress.
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Item Budgeting(Area, Timing, and Power) for Logic Synthesis
Position:3-B(2)
Outline:

A set of constraints for logic synthesis is generated to meet target performance and
specification of a system based on area, timing, and power estimation results at RT level.

Current An RT level floorplanner is being practically used. However, currently available RT level
(1997) ﬂoorplanner only analyzes t1m1ng constraint by domg fast loglc synthes1s and followmg
pld\.«ClllCllL, auu Udbl&dllllULdLCb LllC uuuuuauuu W 1\11_4 UCblgll degC lllClC lb bLlll 11
technique to take care information other than timing, and automatically >generating
constraints for logic synthesis at the timing of getting entered logic synthqsis /d\esig stage.

2002 RTL floorplanner becomes practically applied level, and it is partly’a }n{ateﬁ\ \

After 002 | RTL floorplanner is completely automated.

Item Power-rail Estimation
Position:3-B(3)

Outline:

Curfent An estimation t wn ti %T level is being practically applied.
(1997)

2002 to be used in early design stages before RT]
nologies have good enough accuracy to provide

ise in terms of package selection, power ling

onstraint. Also, the estimation technologies support if

iple Vdd and custom blocks with parameterized clock

ndidate power-rail planning is applied, the power estimation|

power consumption, peak current, joule heat and do thermal

As\a'result, eritically hot spots are indicated and identified. The technologies

m performance analysis corresponding to the power planning related

< cificagion changes such as voltage changes and power supply separation

After 002 In addition to what the power estimation technologies reach in 2002, automated synthesis
becomes available which synthesizes power-rail physical specifications and conditions
based on the constraints obtained by power estimation at RTL or higher design stages.
Thus, multiple power supply configuration, its supplying scheme to each block, and global
power route with tapering width planning are automatically determined. Furthermore, by
virtue of getting high accuracy of power estimation in the early design stages, power
related design iteration between layout design stage and the early design stages such as
RTL or higher one becomes not necessary in most cases.



https://iecnorm.com/api/?name=55153da6b01830e7280f01f52030984f

TR 62017-2 © IEC:2001(E) -41-

Item False path free Timing Analysis
Position:3-C(1)
Outline:
A timing analysis tool may generate paths that do not exist in fact. These paths are called
false path. A tool for static timing analysis is improved to remove false paths as much as
possible. Consequently, the efficiency of static timing analysis is improved.
Current A tool for static tlmmg analys1s has already been used practlcally, and removmg a pseudo-
(19;7) CI1UI lb d plUUlClll 111CIC lb U HICAIlS U DUIVC LllC PlUUlClll, UAbCpL l.lldL d UCblgllCI JUUBUD
in detail. This is a factor to decrease the efficiency of static timing analys(s.
2002 False paths are deleted using test pattern at high level.
About 80% of false path are deleted.
After P002 | A timing analysis without false path is realized. (False path ée%n&x% \\al\§1§)
Ttelm Formal Verification
(Architecture - RTL) Q
(RTL - Gate)
Position:3-C(2)
Outline:
Curfent
(1997)
20 2<
In case of IP core embedded design, the equivalence checking can be available between
RTL expression of IP core and gate level expression of peripheral circuits by means of the

hoandars 1t af 13af faom ottoolbad o (o ITD oo
U\.lbllluulj IINMUITAVV TITITIUTTIIIAUIVUIT attavIiiva tu uaIv 11 vUT V.

After 2002

RTL to gate equivalence checking is fully available, and the similar accomplish level is
realized for RTL to RTL.
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Item Function/Timing Verification beyond Gate Level Simulation
Position:3-C(3)
Outline:

New logic verification technology beyond the current logic simulation is necessary to
significantly shorten the gate level simulation time.

Current The "verification crisis" has been coming along with the rapid growth of number of gates
(1997) (de31gn s1ze) because the gate level simulation time increases in proportlon to the size.

\,Uplug Wll.ll LllC plUUlCul, b_yblC UdbCu blllluldLlUu auu 1Ullllal VCllllbdllUll dalC UClllg dpl)llC

2002 As IP based design fashion is getting popular, hard IP evalugtion\purRo
are widely spread. Then, behavioral verification on prototypi
helps verification efforts. On the other hand, RT level Tm Verl 1
for large-scale circuit with high speed.

AfterP002 | IP is widely used. At system level, formal erlﬁ i0 aviotal simulation|
proceeds.

SO )>

Item Test Pattern Generation for Mi
Position:3-C(4)

P Ch B%lﬁlmmg Verification

Inside of the\IP i i isible to designers for those functions and
perm so easy to validate chip level function and timing
validati

Outline:

Curtent Althoug it 1 dae JOb but designers have to unavoidably make chip level
(1997) test , SO at nctlons nd timing among IPs can be barely validated.

dev olh/whlch analyzes and then calculates how much functionall
is'guargnteed by the prepared chip level test patterns. Next, by virtue of

After P002 i leve functional verification test patterns can be automatically generated by using
standardizéd functional and also system level descriptions of IPs.



https://iecnorm.com/api/?name=55153da6b01830e7280f01f52030984f

TR 62017-2 © IEC:2001(E) -43 -

Item Timing Driven Synthesis
Position:3-D(1)
Outline:
Timing driven synthesis means logic synthesis technique which is able to generate very
high-speed circuit, and also technique to control and optimize timing constraints during
the logic synthesis.
Current 100K gate or less is maximum circuit size for logic synthesis within acceptably reasonable
(19 ;7) LullldlUulld LilllC.
Expected reachable timing performance can not be certainly unders
logic synthesis. This results lengthy iterations from and to RTL modificati
optimization exploration, which is an outstanding design productiyityxissue
2002 The logic synthesis and timing optimization tools treat circui/®
time.
Integrating a logic synthesis and timing optimization
high accuracy.
To achieve speed-up, an asynchronous circuit i gen@’@ted abtomatically.
After P002 | Logic synthesis and P&R are ti tly linked to M T @bme o a unified design tool,
so that timing driven synthes1 becomegreality(
Item Reverse Synthe
Curfent t 1s applie from transistor level to gate level reverse conversion for make if

(1997 or simulation and verification, while reverse conversion from gate level to higher
le a tlon are still not in practical use level.

2002 \rss\tlila>fﬁcult to do reverse conversion from gate level to RTL level without having
additional particular information. However, by adding certain information in terms of
specific difference between them, the reverse synthesis becomes limited in practical
application level.

After 2002 | The most important purpose for the reverse synthesis is to be defined, so that problems to

be solved become clear.
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Item RTL Synthesis
Position:3-D(3)

Outline:
RTL synthesis points RTL generation and synthesis from architecture or algorithm
description.

Current There are some commercially available tools which support RTL synthesis for some

(1997) specific applications such as CPU, DSP and so on.

2002 Modeling technologies for architectural or algorithm description ar

application is to be developed.

A N
After P002 | Generic purpose modeling technologies for architectural and algor des i}ﬂ({l}e
developed for wide variety of applications. RTL synthesis ows_that geperic\purpose
modeling be synthesized. <7@“\

Itejm Incremental Design Methodology \/
Position:3-D(4)

Outline:

An Incremental Design Metl{fodology indie2 q_organized collections of techniques

etc., into some design s asNogid synthgsis. There is underlying observations in
i esigiy procdssCan not be always straightforwardly done)

Curtent
(1997)

2002

mpletely takes care of a design change order under certain condition, also it
o-way interface regarding design change information with layout tools, delay]
calculation and verification tools, and layout verification tools.

After 2002 | An ECO synthesis assists designers by providing information on tradeoil conditions for
re-synthesis, and re-synthesize the design optimally under the specified tradeoff condition.
The tradeoff conditions ranges in two-dimensional exploration, one is area and
performance optimization, and the another is TAT for doing re-synthesis. Moreover, each
condition determines the size of the design to be re-synthesized. Further, design flow
management tools (relating H(2)) manages and controls design changes, version
information of the design, and required operation for the changed part tightly linked
together with the result of ECO synthesis.
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Item Logic Synthesis with Parameterized Cell/Macro Library (Vdd and Vth)
Position:3-D(5)
Outline:
Logic synthesis supports multi Vdd/Vth.

Current There are no well-arranged models which explain interrelation among Vdd/Vth, power
(1997) consumption, and system frequency. Thus, how to model libraries for logic synthesis and
how to synthesize and optimize for multi parametric Vdd system is unresolved.

2002 A model corresponding to parametric Vdd/Vth at high level is defined oped, and

standardized.
Logic synthesis technology corresponding to parametric Vdd/Vth }3’1\ essa
After P002 | A logic synthesis tool and a simulator control and optimize pewer spoed,xreq nc
area by dynamic Vdd changing.
Technology, which controls Vdd at the OS and programmingJa gu level dvances.
Item Timing Budgeting and Function
Position:3-D(6)
Outline:
The IP based Chip i i S ) is becoming widely applied, and
modeling techdiqueNfor/IPs and s standardization are also in progress. In the future, in
order to optimizeschipNevel per mprove flexibility on IP based integration
various trade cneeded. Those are adjustment or budgeting for
functj IngN enerating tradeoff of the function versus timing,
als
Curfent The olo {NG! \th;)functlon and timing and makes it to the black box is
(1997) achl
2002 Udgeting an IP cores will be realized
< \mt\ec nology Will be-developed which supports importing and exporting a part of modules
I am\&ng
P . . . .
After 002 ool will be developed which traces a bug across IPs, in debugging with patterns fo
verification. The tool judges automatically which IP is cause of the bug.
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Item Standard DFT Interface for both IPs and inter IPs
Position:3-E(1)
Outline:

In the future, LSI will be developed by combining two or more IPs, as the use of IP
increase. Therefore, the standardization of the inside of IP or the test specification
interface between IP is needed to facilitate test design of the entire LSI.

Current Each IP provider has included an original test specification in IP.
(197%) An IP integrator plans an test specification of LSI from the test specificati ach IP.
The standardization of the design for test of IP is advanced with VSI%RKT];E:%@O.
2002 An interface specification of the design for test of IP is standardiz¢d.

t citeuit and
thendesign for

A test strategy of each core and across cores is automatical
test pattern are automatically generated, from the 1nterface
test of IP.

After P002 | A test circuit specification for testing a target IP jg”"standar ed nd M tested (plug
and play) automatically.

«&

Item Design for Fault Diagnosis, Ne s & est
Position:3-E(2)

Outline:

Curtent
(1997)

2002 Wis, DFT and ATPG for fault analysis will be established for 0-1 stuck-at faulf
in a circwt with scan flip-flops.

Testing models for the delay/bridge fault are generalized. DFT and ATPG arg
automatically done.

New fault models such as power supply bus, crosstalk and substrate noise will be defined,
and a fault simulator will be developed based on the fault models.

After 2002 | DFT and ATPG will be automated for a new fault model.
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4.1.4 Circuit Design

Table 13 — Problems of EDA Technology in Circuit Design

—47 -

Digital
A Specification B Estimation C Verification D Synthesis E Test
4. 4B(1) 4C(1) 4D(1)
Circuit Process Variation | Power, Noise, Transistor circuit
MeodeHAeeurate—Eleetro-masnetie— & ayout
Circuit Simulation)| Analysis Synthesis (from
RT/Gate Leve
4C(2)
Accurate Model for
DSM Process,
Parameter <
Extraction
straint Driven
Process Migration
Item
Curfent
(1997)
Test elentent Group) is done to create the delay models for the 3 conditions. Therefore, it
is difficult to simulate the circuit under certain combinations of the process conditions.
2002 A design system will become practical, which links with TCAD (Technology CAD). The
system will execute a circuit simulation under various process conditions. This lead to
concurrent design of process and circuit.
After 2002 | TCAD and circuit simulation will be systemized based on statistical analysis of process

fluctuation. Then, the system will be widely used.
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Item Power, Noise, Electro-magnetic Analysis

Position: 4-C(1)

Outline:

The accuracy of analysis on circuit characteristic change by internal heat of a chip,
crosstalk, IR drop, and switching noise is improved.

Electromagnetic field noise (EMC,EMI) estimation technology proceeds.

Current The value and distribution of heat begin to be estimated practically from the power
(1997) consumption.

Power supply voltage drop can be simulated.

2002

After 002

The speed pnd
wilLimprovey
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Item

Accurate Model for DSM Process, Parameter Extraction
Position: 4-C(2)
Outline:

Parameter extraction is a technology for performing accurate extraction of parasitic
elements and to compress the extracted circuit in realistic time while maintaining
simulation accuracy. The accurate model for DSM process a circuit modeling technology
with high accuracy, which corresponds to process technology in deep submicron era. A
technology for the accurate modeling of delay and circuit characteristics of IP cores is

necessary to reuse the cores effectively.

Curtent
(1997)

that in three-dimensional space begins to be put to practical use.
and TAT are not satisfied.

satisfying the constraint.

Highly accurate device models (BSIM3) are bec
have started supporting BSIM3.

2002

Three-dimensional parasitic elemen

Device modeling will be based
extracted from actual process, orresrpgldi

After 002

The accuracy

iQn nd\@ction M be improved utilizing estimation
technology.

Evolution gf proc

Theddesign of procegs an e done concurrently.

Iteim

<

erpfication omReal Environment (consider Package, Board etc)

technology including the simulation of elements outside the chip will be necessary.

Curtent

T]’\F“I"P alre_1mans. ﬂpmqn{]c Fnr a ]"\{\91‘!‘] IP‘IPI cimn]qfinn, ]"\111’ ;f I.Q not p(\QQ‘I.]‘\]P 1o _executa

(1997)

board level simulation many times, because of execution time limitations.

Board level noise simulation is becoming possible because of the standardization of IBIS.

2002

Chip level behavioral modeling will be widely used, and the IBIS model will be
standardized. This will make board level behavioral and noise simulation possible.

After 2002

The behavioral verification including software will become possible.
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Item Transistor circuit & Layout Synthesis (from RT/Gate Level)
Position: 4-D(1)
Outline:

The circuit and layout at transistor level are synthesized from the RT/logic level
description. EDA technology for handling dynamic circuits is required. The circuit and
layout at transistor level are synthesized directly from description at RT/logic level.

Current Currently a designer performs transistor level design by trial and error.

1997 . . . . .
( ) As for layout, automatic generation of basic cells and generation with templates of the

specific macro cells such as the memory are already in practical use. N
g
ic,

2002 A technology for automatically generating a suitable circuit and perfo 11 layput for
the application and target specification, such as pass-transistor, ill Xoe 'pug_to

practical use.

After 002 | A technology for an optimized circuit and cell layout for thesappli t'})\@target
specification from the aspect of the chip design will be putto ract\isa se.

SR

M Vdd and Vth

Iteim Parameterized Cell/Macro Library Generati
Variation

Position: 4-D(2)
Outline:

Generation technology to create

Curfent A designer judges tradedtt such\as Med anyl the power, and selects proper Vdd. A

(1997) technology that eqml
There is HOM

2002

ardized which handles parametric Vdd/Vth
elPlibraries with parameterized of Vdd/Vth.

2
Sta
C

Y
After ZOé\ \@Qany V}&iable Vdd will enable control power, speed, frequency and area.

N

Item PerMe Constraint Driven Process Migration
Position: 4-D(3)

Outline:

Design reuse technology to migrate the existing circuit and layout into the target process,
which maintaining the performance constraint.

Current The synthesis of layout cells from the SPICE netlist, the design rules, and the cell
(1997) generation specification, such as height and topology, is beginning to be put into practical
use. The cells are migrated to another process by changing the design rules.

2002 Integration of layout pattern conversion and extraction technology. During cell or module
migration, the oversizing and shrinking of the layout pattern and characterization will be
done concurrently.

After 2002 | Links to TCAD will enable optimum device design rules to be automatically generated
from the process parameters.
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4.1.5 Layout Design
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Table 14 — Problems of EDA Technology in Layout Design

Digital
A Specification B Estimation C Verification D Synthesis E Test
5. SA(1) 5C(1) sD(1) SE(1)
Layout Standard Physical High-speed Power-rail Routing | Layout Design
Deseription Veriffeation forFest
Language D)
Simulation bgse
Layout Sme is
5D(
High speed k
D oCB¥siNg
dDé)
( Layout Synthesis
s with Parameterized
Cell/Macro
Library
“ (Vdd and Vth)
Item
deseription language including transistor level and gate level, which is tol be
commyn inferface between logic synthesis system and layout system, is required.
urrent PDEFand DEF are becoming standard interfaces of the floorplan and layout information
1997) respectively. Description language depends on each layout tool. A few systems [use
transistor level dpQr‘ripﬁnn Inngnngp
2002 The standardization of the layout description interface advances. It enables us to describe
common input information for logic synthesis system and layout system, and to feedback
layout information to logic synthesis.
After 2002 | Common interface for layout specification and information of cell generation, logic
synthesis, and logic simulation is standardized. The effort of the re-simulation is greatly
reduced at ECO.
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Item High-speed Verification
Position: 5-C(1)
Outline:

A more high-speed verification method is requested to solve the problem of the increased
verification time according to the LSI scale in number of gates.

Current There was no dramatic change of verification method itself. Tuning of boolean algorithm
(1997) and improvement of machine performance has been restrained the explosion of
verification time. Recently hierarchical processing is put to practical use for the solution to
speed and memory problem.

2002 Parallel processing 1s put to practical use. New algorithm, which corresp

prepared.

(AN
After P002 | The data compression technology, which focuses on the characte(istigs af date (regulari
etc.), advances.

\\\

Item Power-rail Routing \>
Position: 5-D(1)
Outline:

EDA technology which autom: layoug~Qf pOWer s pp 1ne inxconsideration of voltage
drop and electro migration, eém\

Curfent The technology which observes the vo 2 drop.and eak current by extracting and
(1997) simulating the RC network aftet the layou mp d is being put to practical use.

ak\curront.ake pre }re/based on the power-supply voltage

2002
ch ti block decided by the planning, and an
idate is/generated.
After 002 neratedautomatically under the restriction mentioned above)
fa. Other signals are routed avoiding power ling
Item

<

impossible, consideration of them is needed in the layout phase.

Curtent Delay is estimated based on logical wire length in logic synthesis, and constraint.
(1997) generated from it are used in layout tool when placement and routing. Logic is optimized
based on backannotated actual wire length after layout. Buffer insertion and gate sizing
which are constraint-basis are available in layout. A routing tool, which improves delay
and reduces noise for specified signals, is emerging.

2002 Layout in which timing, power, and noise are completely assured is generated by
controlling gate size, wire width, space between wires based on the concurrent analysis of
timing, power, and noise in a layout tool.

After 2002 | A necessary part of layout is optimally modified to solve problems of noise, and etc. by
interpreting the simulation result. Circuit structure is partly modified keeping the function
the same, if necessary. In addition, the consideration of a statistical process variation
model becomes possible.
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Item High speed Mask Data Processing
Position: 5-D(3)
Outline:
Speed-up technology of processing and generation of mask data which is becoming huge
in size. Since the time required for processing and generation of mask data becomes huge
according to decreasing feature size and increasing chip scale, it is necessary to solve the
problem by some new EDA technology.
Curremt Hiclau,hiua‘l, dibtlibuicd, amdt pcuaﬁci plUL«Cbbillg LCbhlliL{qu arc._ 1Iow ubcd, b
(1997) improvement far beyond them is necessary.
2002 A tool, which processes data incrementally and optimally in sequenc@l €
After P002 | The repetition processing etc. are taken by the characteristics of dgt\a (}e\\u@rh\M >
Itejm Decision Support for Multi-Layer Routing N\ N
Position: 5-D(4)
Outline:
The manufacturing technology\of t Iti layeér ro as already been established,
and the strategic layer assignmeptwill becolme 1miportantirthe future.
Curgent Designer specnﬁes some layer ssigifment fo Wgnals such as power and clock.
1997)
2002 Application_pro arrN select Wspacmg for each logical net group
automatica%/\
After 002 ayers 4§ selected in consideration of noise, heat, speed,|
ased on estimation of cost, manufacturing TAT)
/1n the first stage of the design, and the layer assignment
Item nthesis with Parameterized Cell/Macro Library (Vdd and Vth)
Outline:
Physical EDA technology for cifcuit with parameterized vdd/ Vil and voltage Converter.
Current Placement and routing with parameterized Vdd library is fundamentally possible. But it
(1997) does not become the general technology as regards the restriction of chip structure and the
relation to timing driven layout.
2002 The EDA tool assumed to be able to use the same layout module with different Vdd/Vth
for the low power consumption is developed.
After 2002 | The system described above is put to practical use with the circuit synthesis and the

simulation library generation.
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Item Layout Design for Test
Position: 5-E(1)
Outline:

Layout technology, which supports the improvement of fault coverage and takes care of
problems caused by DFT. Moreover, the optimal layout technique in the DFT part is
included.

Current Scan path re-ordering method, which reduces the wire length of scan path, is applied in
(1997) layout phase.

2092 Thetayouttechmique; - wihici takes care of electro migration and - vottage drop caused b
scanning operation, is established. In addition, the technology, which supports_the fault

use. /\

After P002 | Various DFT technologies are established and restrictions are. imy
timing. The automatic layout technologies, which take care ¢f s

@
N
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4.1.6 Manufacture Interface

Table 15 — Problems of EDA Technology in Manufacture Interface

Digital
A Specification B Estimation C Verification D Synthesis E Test
6. 6D(1)
Manufacture Interface
Technologyfor
Intelrface Mask
Manufacturin
A\\>
Item Interface Technology for Mask Manufacturing En
Position: 6D(1)
Outline: //__W\
D WAFN

urrent v

1997) detaile@analysis i pu@ this fime.
2002

After 2002 F

N

s
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4.2 Problems and Targets of EDA Technology in Analog
Circuit Design

Table 16 — Problems of EDA Technology in Analog Circuit Design

F Analog
1. System
2 Arehtteettte
3. RTL/Logic 3F(1)
Standard Analog Modeling (for Mixed Signal Simulatioﬁ\)\
3F(2)
Analog/Digital Mixed Signal Simulation .
3F(3) \ \>
System Level Analog Modelinm
3F(4) \) G
Synthesi@&
4. Circuit
5. Layout SE(1) \>
(\ alog n®
6. Manufactu{?*x{erg&\

NS
P

Current OSYevice models

1997
) BSIM1: model for digital circuits.

AnvYaha Wial 11 el e L 1 1 1 - 1L k| - - Lo
DOS1VIZ. TTOUTCT I COIIUCT AUUIT U1 dlldlUy UCHdVIUL TTOWCVUL, UIT atTUldly 15 IISULTIT ent
because the model is expressed as piece-wise linear functions.

BSIM3: improved model in which first-order derivative discontinuity problems have been
drastically reduced. It covers up devices down to about 0.2jum.

2002 Radio frequency and short channel effects will be included in the model. New modeling
methodology for fast simulation would be developed in a bottom-up fashion.

After 2002 | System for post-layout extraction of substrate parasitic devices will emerge for noise
simulation between digital and analog parts of the circuit.
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Item Analog/Digital Mixed Signal Simulation
Position: 3-F(2)
Outline:
Analog/Digital Mixed Signal Simulation Technology.
Current The upper limit for SPICE-based simulation is about 100,000 transistors with 10 to 100
(1997) clocks. There is no practical verification method of analog circuits except for the SPICE-
based method. In an analog simulator for a digital circuit, waveform relaxation and circuit
ICdubliUll iCbllllUiUgiUb Wlll :JC ICaliLCd fUl plablibdl USC.
2002 The analog mixed signal circuit simulation environment is indispensab
There will be a move to a mixed analog/digital behavioural langQage tion
environment, in order to perform system level verification.
In the areas of radio frequency and sub-micron devices, the f information
becomes indispensable, consequently the number of analyticab\eléments\and/nodes
increase explosively. Substrate parasitic device modeli thodolggyior cixcuit feduction
technique will be developed.

After P002 | Brand new mixed signal design environments will %@h\:}asses a patchwork
of conventional tools. For instance, the simulator qutomatically partitions a mixed signal
circuit and applies the most apg\prlate al ori 0 rt of\the circuit.

Item System Level Analog Modelin
Curfent
(1997)
The following simulators are available at the end of 1997:
VHDL -AMS: ﬁn]y parser is available

Verilog-AMS: Only analogue part is supported.

2002 Commercial simulators will be developed by EDA venders. Each vender will develop a
distinct analytical technique for the standard analog behavior description languages.
After 2002 | There is no definition for the frequency domain in Verilog-AMS. The expressions of

frequency domain, radio frequency and Z space will be standardized in the analog
behavior description language. Simulators, which can handle these expressions, will be
developed.
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Item Synthesis from AHDL
Position: 3-F(4)
Outline:

A circuit synthesis tool supports an analog hardware description language (AHDL).

Current There is no practical tool for analog circuit synthesis. In the area of specific circuit design,
(1997) such as filters and operational amplifiers, circuit optimization tools are used. The designer
is responsible for selecting a topology, and the optimizer optimizes the parameters.

2002 Use of analog IP will become practical. A digital IP is supplied thesized|
automatically at RT level, however, the analog IP will be provided as a flexihle-hard
macro. The data for analog IP, including layout information, will b optlm according
to the user specification.

After P002 | An expert system for analog synthesis using knowled. teshndlogy Ve
developed.

\w

Item Analog Cell Generation
Position: 5-F(1)

Outline:

a netlist at transistor level. The
ong designers regarding analog cell
to use it" and "Use should be kept to an

An analog cell generator gen¢rates_layout\o
layout cells can bg used in digital ci i
synthesis is split intQ: "Kis
absolute miRim

2002

Curfent An analog ke \&%( be1 1n some operational amplifier designs. There arg
(1997) still somg issyes in perfogman la ut size.

After 002 |[<An H}@r will be used in cooperation with analog synthesis tools. As a
cel

sult, anylo with hundreds of elements will be optimized and generated
< Prgnivaty
N
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4.3 Problems and Targets of EDA Technology in Software
Design

Table 17 — Problems of EDA Technology in Software Design

G Software

G(D)

OS Generation/ Customization

GQ)

Software Core Generation/ Customization

GB3)

Software Compiler Generation

S

Unified Software Development atform for

various IP Cores

o
Software/Ha ware NCo- 1mula i}

Item
are
Current
199
rare
one
2002 OS customization becomes easy as the object-oriented OS becomes available.
OS performance tuning becomes feasible with the progress of Software/Hardware co-
simulation techniques.
After 2002 | The relationship between OS and hard IPs will be clearly defined through the
standardization of OS for system LSI.
This leads to an efficient customization of the system for a specific application by
eliminating unnecessary hardware and software functions.
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Item Software Core Generation/ Customization

Position: G(2)

Outline:
Development and optimization method for application that runs on a processor core
advanced.
Current Applications are written in C language or even in assembly language.
(1997) . )
Programmers must deal with any changes in a program necessary for a processor core
2002 Software functions common in multimedia applications will be made m| ace and\be

realized on LSI. A part of middleware is supplied with core and OS.

Customization for the software becomes easy as the software is
with object-oriented techniques.

Most of applications will be written in high-level languag j odes arg
optimized by compiler rather than manual.

Verification, performance evaluation and customiizati
through a simulator for hardware, OS and software ?Ltgget 1

After 002 | A system will be specified in a system degcrt t\Q)A ‘g“m? and methods to generate and|
imi i i e researched.

A general-purpose middleware\ can i o that only includes necessary
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req ire§ its own brand of compiler, simulator debugger and ICE.

are written in C than in assembly language.

Software’development tools with static or dynamic analysis has been introduced.

However, optimization for a particular processor depends on the design environment suchi
as compiler performance.

2002 A retargetable compiler will be on market. It will make the processor designs specific to
application as well as the software optimization for a processor easy.

After 2002 | A parallel compiler at thread level will be widely used and the large-scale parallel system
will be developed.
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