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MembersMembers

Richard Howard Lucent       (Chair)
William Joyner SRC/IBM (Co-Chair)
Richard Newton UC Berkeley   (ITWG)
Steven Schulz Texas Instr      (ITWG)
Phil Fisher SEMATECH
Justin Harlow SRC

Test
Robert Aitken H-P
Janusz Rajski Mentor 

Synthesis and System Design
John Darringer IBM 
Arnold Goldfein Actel 
Paul Capozza Mitre 
Randy Harr Synopsys

Design Techniques
Lawrence Arledge SRC/TI
Alfred Dunlop Lucent 
Terri Fiez WSU

Physical Design
Andrew Kahng UCLA
Jeff Parkhurst Intel 

Verification
Carl Pixley    Motorola
TBD

Design Environment
Donald Cottrell SI2
Robert Grafton NSF
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Our PastOur Past

◆ Members “recruited”
◆ Two conference calls
◆ Revision of Table 7
◆ TWG web site set up
◆ Assignments of text, figures, liaisons
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Our Future ScheduleOur Future Schedule

◆ 01/15/99   First pass text and figures due
◆ 01/19/99   Conference call 1-3pm EST
◆ 02/18/98   Face-to-face working meeting on tables,

figures, text, San Francisco (incl ITWG)
◆ 03/01/98   Revised draft of text, tables, figures due
◆ 03/15/98   Comments on revisions due
◆ 03/31/98   Text, tables, figures to RCG
◆ 07/09/98   Roadmap workshop
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Table 7 - Design & Test Difficult ChallengesTable 7 - Design & Test Difficult Challenges

FIVE DIFFICULT CHALLENGES  ≥ 100 NM / BEFORE 2006
Silicon complexity Large numbers of interacting devices and interconnects

Atomic-scale effects
Impact of signal integrity, noise, reliability, manufacturability
Need for new logic families to meet performance challenges
Power and current management; voltage scaling
Alternative technologies (e.g. copper, low-K, SOI)

System 
complexity

Greatly increased system and function size
System-on-a-chip design with a diversity of design styles (including analog, mixed 
signal, RF, MEMS, electro-optical)
RF issues
Integrated passive components
Embedded software as a key design problem

Design procedure 
complexity

Interacting design levels with multiple, complex design constraints
Convergence and predictability of design procedure
Specification and estimation needed at  all levels
Technology remapping or migration to maintain productivity
Core-based, IP-reused designs and standards for integration
Large, collaborative , multi-skilled, geographically distributed teams

Verification 
complexity

Timing and function co-verification
System-level formal verification/specification
Core-based design verification (including analog/mixed signal)
Verification of complex processors and architectures

Test/testability 
complexity

Quality and yield impact due to test equipment limits
Test of core-based designs from multiple sources (including analog, RF)
Difficulty of at-speed test  with increased clock frequencies
Signal integrity testability
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Table 7 - Design & Test  Difficult ChallengesTable 7 - Design & Test  Difficult Challenges

FIVE ADDITIONAL  DIFFICULT CHALLENGES < 100 nm / BEYOND 2006
Silicon complexity Design with novel devices (multi-threshold, 3D layout, SOI, etc.)

Soft errors
Increasing uncertainty in fundamental chip parameters (e.g. signal skew)

System 
complexity

Total system integration including new integrated technologies (e.g. MEMS, 
electro-optical, electro-chemical, electro-biological)
Design techniques for fault tolerance
Embedded software and on-chip operating system issues

Design procedure 
complexity

True incremental, one-pass design process
Integration of design process with manufacturing to address reliability and yield

Verification 
complexity

Verification of heterogeneous systems (including mixed-signal and MEMS)

Test/testability 
complexity

Greatly increased dependence on self-test solutions
System test (including MEMS and electro-optical components)
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Changes from 1997 NTRSChanges from 1997 NTRS
◆ Relate “potential solutions” figures to “difficult challenges”
◆ Use meaningful figures:

– “speed/performance issue”
– “productivity gap”
– “D&T technology requirements”

◆ Replace “laundry list” of needs by:
– specific priorities (what, when, why, cost, consequences)
– specific bottlenecks

◆ Replace “ASIC” by “SOC” as key driver
◆ Expose new challenges:

– embedded software
– importance of analog/mixed signal/CMOS RF
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International FeedbackInternational Feedback

◆ Importance of System-on-a-Chip not well-reflected in the 1997
NTRS
– ASIC category is outdated and irrelevant
– “It is better to define the target product and its profile”

(EIAJ/STRJ-WG1)
– “A roadmap must make sense business-wise”  (STRJ)

◆ Importance of Analog/Mixed Signal/CMOS RF not well-
reflected in the 1997 NTRS

◆ We really need to focus on a Design Productivity Metric
– Needed to explain the importance of reuse
– Some data available (e.g. “design productivity gap” slide)

◆ Roadmap does not adequately reflect the role of, and design
challenges associated with, embedded software and its
interaction with hardware
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Specific RecommendationsSpecific Recommendations
◆ We must change the ASIC category to

System-on-a-Chip throughout the Roadmap
as soon as possible

◆ The category should be motivated primarily by
economic factors and their implications

◆ The category will include challenges in the
“Embedded-*” categories: where * = DRAM, analog,
RF, …, software.

◆ It will have significant implications for other areas,
especially design, packaging, test, interconnect (e.g.
power issues)
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Importance of System-On-A-ChipImportance of System-On-A-Chip

✔

✔
✔

Extensive Reuse

Embedded DRAM
Embedded Flash

Logic
SRAM
Flash

DRAM
CMOS RF

FPGA
MEMS

Chemical sensors
Electro-optical

Electro-biological
FRAM

98 00 02 04 06 08 10 12

Embedded
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Importance of System-on-a-ChipImportance of System-on-a-Chip
(called (called System LSISystem LSI in Japan) in Japan)

◆ Could be the most important category to the overall
semiconductor industry in the years ahead

◆ Not the largest chips! Driven by economic rather than
technological factors

◆ Drives technology in the mixed-technology areas
– Embedded DRAM, flash, FPGA, analog, CMOS RF, ...

◆ Drives packaging and test emphasis in significantly
different directions

◆ Drives design technology
– Design reuse, heterogeneous systems, embedded

software
– EDA- Energy/Delay/Area optimization



SRC/File name/ 13

Approach to Analysis for SOCApproach to Analysis for SOC
$$ Categories: (e.g. $1, $3, $10, $30, $100)

Packaging (40%?)

Test (30%?)

How many $$ left?

How complex a chip
can I afford?

What can I build?

Semiconductor
ITRS projections

Mixed technologies Design reuse

Start Here



















2-Way Wrist Radio -- The Vision in 19462-Way Wrist Radio -- The Vision in 1946
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