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Potential Design Complexity and Designer Productivity
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Productivity
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Logic Transistors per Chip
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3 Yr. Design
Year Technology Chip Complexity Freguency Staff Staff Cost*
1997 250 nm 13M Tr. 400 210 g0 M
1998 250 nm 20M Tr. 500 270 120 M
1999 180 nm 32M Tr. 600 360 160 M
2002 130 nm 130 M Tr. 800 800 360 M

* @ $150K / StaffYr. (In 1997 Dollars)
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Required Advance in Design System Architecture

Today 180 nm # Tomorrow 50 nm
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Functionality + Testability

=
=

Functionality + Testability + Wire delay
Functionality + Testability + Wire delay + Power management

Functionality + Testability + Wire delay + Power management
+ Embedded software

Functionality + Testability + Wire delay + Power management
+ Embedded software + Signal integrity

Functionality + Testability + Wire delay + Power management + Embedded
software + Signal integrity + RF

Functionality + Testability + Wire delay + Power management + Embedded
software + Signal integrity + RF + Hybrid chips

. Functionality + Testability + Wire delay + Power management +Embedded software
1 Billion + Signal integrity + RF + Hybrid chips + Packaging

vF unctionality + Testabllity + Wire delay + Power management +Embedded software + Signal
Integrity + RF + Hybrid chips + Packaging + Management of physical limits

Number of Transistors
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Table 13 Design Difficult Challenges

FIVE INFEICULT CHALLENCES
z {00 nm ~ THROUGH 2005

SUMMARY OF ISSUES

Silicon complexity

Large numbers of interacting devices and interconnects
Impact of signal integrity, noise, reliability, manufacturability
Power and current management; voltage scaling

Need for new logic families to meet performance challenges
Atomic-scale effects

Alternative technologies (such as copper, low k dielectric, SOI)

System complexity

Embedded software as a key design problem

System-on-a-chip design with a diversity of design styles (including
analog. mixed-signal, RF. MEMS, electro-optical)

Increased system and function size
Use of open systems and incorporation into global networks
Integrated passive components

Design procedure complexity

Convergence and predictability of design procedure

Core-based, IP-reused designs and standards for integration

Large, collaborative, multi-skilled, geographically distributed teams
Interacting design levels with multiple, complex design constraints
Specification and estimation needed at all levels

Technology remapping or migration to maintain productivity

Verification and analysis complexity

Formal methods for system-level verification

System-on-a-Chip specification

Early high-level timing verification

Core-based design verification (including analog/mixed-signal)
Verification of heterogeneous systems (including mixed-signal, MEMS)

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

FIVEADDITIONAL INFEICULT CHALLENGES
< 100 mm / BEYOND 2005

Silicon complexity

Uncertainty due to manufacturing variability

Uncertainty in fundamental chip parameters (such as signal skew)
Design with novel devices {multi-threshold, 3D layout, S0I)

Soft errors

System complexity

Total system integration including new integrated technologies (such as
MEMS, electro-optical, electro-chemical, electro-biological)

Design technigques for fault tolerance
Embedded software and on-chip operating system issues

Design procedure complexity

True one-pass design process supporting incremental and partial design
specification

Integration of design process with manufacturing to address reliability
and yield

Verification and analysis complexity

Physical verification for novel interconnects (optical, RF, 3D} at high
frequency

Verification for novel devices (nanotube, molecular, chemical)

Test/testability complexity

Dependence on self-test solutions for SoC (RF, analog)
System test (including MEMS and electro-optical components)

K—dielectric constant SO —silicon on insulator

{P—intellectual property
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YEAR 19949 200 2001 2002 2003 2004 2005
TECHNOLOGY NOnE 180 rim 130 nm 100 rim

MPLI new design cycle (months) 36 36 36 3z 3z a2 30
MPL transistors per designer-month 2 3 4 7 10 15 20
(300-person team)  (thousand)
ASIC new design cycle (months) 12 12 12 12 12 12 12
ASIC transistors per designer-month 0.3 0.4 0.5 0.7
(50-person team) (million)
Portion of verification by formal methods 15% 15% 15% 20% 20% 20% 30%
Portion of test covered by BIST 20% 20% 20% 30% 30% 30% 40%

# 14a FHHIBY 7228 I B9 2K

YEAR 2008 2011 2014
TECHNOLOGY NODE 70 50 rm 35 mm

MPU new design cycle {months)

MPU transistors per designer-month
(300-person team) (thousand)

ASIC new design cycle {months)

ASIC transistors per designer-month
(50-person team) (million)

Fortion of verification by formal methods

FPortion of test covered by BIST

Solutions Exist [ | Solutions Being Pursued [ | No Known Solutions [
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