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Verification moves to
higher levels,
followed in lower
levels by equivalence
checking and
assertion driven
optimizations

Design optimized over
many constraints with
tightly integrated
analyses and syntheses
(optimizations)

Integration through
modular open
architecture with
industry standard
interface for data
control

Shared data in memory
to eliminate disk
accesses in critical
loops with common
data for cooperating
applications

Incremental specification,
synthesis (optimization)
and analysis

Required Advance in Design System Architecture

Today 130 nm q

Tomorrow 50 nm
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16 Required evolution of design system architecture
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DiFFicuLT CHALLENGES
> 65 nm/ THROUGH 2007

SUMMARY OF |SSUES

Design sharing and reuse

Geographically distributed and multi-company design projects
Integration of multi-vendor and internal design technology (MPU, SoC)

Standard information model for IC design data, with standard interface
(access mechanism) adopted across tools, databases (MPU, SoC)

Tool interoperability that minimizes data translation time and redundancy
to reduce design cycletimes (MPU, SoC)

Reduction of integration cost

Increased system and silicon complexities

Device count, scaling, operating frequency, power and noise
management (MPU, SoC)

Incremental analysis and optimization capability for
constraint-dominated design, with runtimes proportional to amount of
design changed (MPU, SoC)

Scalable design optimization algorithms
Concurrent execution of design and analysis tools with appropriate

objectives and abstractions (e.g., for power, noise/interference,
package-die, and manufacturability optimizations) (MPU, SoC)

Common device, wafer recipe and equipment characterizations,
controlled by process owner and packaged for “immutable interpretation”
by design and analysistools

Time-to-market for cost-driven SoC

Common information models to support reuse and (cost-driven) design
space exploration (SoC)

Design rules and information models (e.g., abstracts) that assure
reusability; design and validation tools to assure these rules for reusable
design IP (SoC)

DT integration for hardware/software, digital/analog, MEMS, memory,
design tools (AMS, SoC)

Synthesis of analog designs comparable to digital RTL-based synthesis
(AMS, SoC)

Systematic improvement of design process and design
productivity

Standard design process metrics, calibration and benchmarking

ADDITIONAL DIFFICULT CHALLENGES
< 65 nm/ BEYOND 2007

Time-to-market for cost-driven SoC

Platform- and application- (and even design-) specific design flowsvia
reusable, interoperable tools (SoC)

Synthesis of mixed-technology designs (including analog) comparable to
digital RTL-based synthesis (AMS, SoC)

System cost minimization tools spanning from standardized process
description to supply chain management (SoC)

Higher-level verification of function, performance and manufacturability
(SoC, MPU)

Systematic improvement of design process and design
productivity

Design technology productivity analysis and optimization tools

Predictable physical implementation flows, along with predictive models
for such flows

13 Design Process Difficult Challenges
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DiFFIcUuLT CHALLENGES
> 65 nm/ THROUGH 2007

SUMMARY OF | SSUES

System complexity

Higher-level abstraction and specification (SoC)
Dynamism and softness (SoC)
System-level reuse (SoC, AMS)

Design space exploration and system-level estimation (SoC, AMS
MPU)

Efficiency of behavioral synthesis and software compilation (SoC)
Automatic interface synthesis (SoC)

System power consumption

Energy-performance-flexibility tradeoffs (MPU, SoC)
Novel data transfer and storage techniques ( MPU,SoC)

Integration of heterogeneous technologies

Codesign (HW-SW, chip-package-board, fixed-reprogrammable)
(SoC, MPU, AMS)

Non-scalability of analog circuits; analog behavioral modeling and
synthesis (AMS, SoC)

Top-down implementation planning with diverse fabrics (digital,
AMS, RF, MEMS, EO, SW) (MPU, SoC, AMS)

Embedded software

SW-SW codesign onto highly programmable platforms (SoC)
System capture and abstraction (SoC)

New automation from high level description to HW-SW
implementations, including SW synthesis (SoC)

Formal verification for SW (SoC)
HW-SW coverification (SoC)

Links to verification, test and culture

Integration-oriented verification and test architectures (SoC)
Divergent design practices and cultures  (SoC, MPU, AMYS)

ADDITIONAL DIFFICULT CHALLENGES
< 65 nm/ BEYonD 2007

System complexity

Communication-centric design and network-based communications on
chip (SoC, MPU)

Design robustness (SoC)

System power consumption

Non-scaling of centrally organized architectures (MPU)
Building large systems from heterogeneous SoCs (SoC)

Integration of heterogeneous technologies

Total system integration including new integrated technologies (e.g.,
MEMS, electro-optical, electro-chemical, electro-biological or
organic) (SoC)

14 System-Level Design Difficult Challenges

(1) (>65 nm)
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DiFFicuLT CHALLENGES
> 65 nm/ THROUGH 2007

SUMMARY OF |SSUES

Efficient and predictable implementation

Scalable, incremental analyses and optimizations (MPU)

Unified implementation/interconnect planning and estimation/prediction
(MPU, SoC)

Synchronization and global signaling (MPU, SoC)
Heterogeneous system composition (SoC, AMS, MPU)
Links to verification and test (MPU, SoC)

Variability and design-manufacturing interface

Uncertainty of fundamental chip parameters (timing, skew, matching)
due to manufacturing and dynamic variability sources (MPU, SoC, AMYS)

Process modeling and characterization

Cost-effective circuit, layout and reticle enhancement to manage
manufacturing variability (MPU, SoC)

Silicon complexity, non-ideal device scaling and power
management

L eakage and power management (MPU, SoC)
Reliahility and fault tolerance (MPU, SoC, AMS)

Analysis complexity and consistent analyses/ synthesis objectives
(MPU, SoC)

Circuit design to fully exploit device technology
innovation

Support for new circuit families that address power and performance
challenges (MPU)

Implementation tools for SOI (MPU, SoC)
Analog synthesis (AMS, SoC)

ADDITIONAL DIFFICULT CHALLENGES
< 65 nm/ BEYonD 2007

Efficient and predictable implementation

Reliable, predictable fabric- and application-specific silicon
implementation platforms (SoC)

Cost-driven implementation flows

Variahility and design-manufacturing interface

Increasing atomic-scale variability effects (MPU, SoC, AMS)

Silicon complexity, non-ideal device scaling and power
management

Recapture of reliability lost in manufacturing test (MPU)

Circuit design to fully exploit device technology
innovation

Increasing atomic-scale effects (MPU, AMYS)
Adaptive and self-repairing circuits (MPU, SoC, AMS)

Low-power sensing and sensor interface circuits, micro-optical devices
(AMS, SoC)

15 Logical, Circuit and Physical Design Difficult Challenges

2X

Construct-by-correction
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DiFFicuLT CHALLENGES
> 65 nm/ THROUGH 2007

SUMMARY OF | SSUES

Increase verification capacity (SoC, MPU,
AMS)

Verification exponentia in design size
Need high coverage

Need to handle large designs
Semi-formal techniques

Robust verification tools (SoC, MPU, AMYS)

Verification algorithms highly unpredictable
Improved heuristics
Characterization of problem difficulty

Verification metrics (SoC, MPU, AMS)

Behavior coverage
Realistic bug model
Algorithms to determine bug coverage

Software verification (SoC)

Software intrinsically more difficult to verify

Traditional software verification techniques inapplicable
Integrated hardware/software systems

Design for verifiability (long-term)

Verification reuse (SoC)

Must alow reuse of verification of |P blocks
Specify abstract behavior of 1P blocks

Specify environmental constraints of IP blocks
Hierarchical verification algorithms

MPU verification methodology (MPU,
+long-term)

Different cost-benefit trade-off
Need exceptionally high capacity

(higher cost acceptable)

Must be very predictable due to long design cycle and pipelined
development teams

MPU design-for-verifiability (MPU, +long-term)

Will be necessary sooner than for other system drivers
Specialized techniques likely possible

Greater concurrency (MPU, + long-term)

New processors far more concurrent
Greatly increased verification complexity

Anything is progress (AMS)

Extremely primitive state-of-the-art
Forces difficult hybrid-systems issues into near term

ADDITIONAL DIFFICULT CHALLENGES
< 65 nm/ BEYOND 2007

Design for verifiability (SoC, MPU, AMS)

New methodology needed
Characterize and minimize performance and area impact

Higher levels of abstraction (SoC, MPU, AMS)

New algorithms needed
Complexity of designs enabled by higher-level design
Equivalence checking vs. RTL

Human factors in specification (SoC, MPU,
AMYS)

Specifications of correctness will become unmanageable

Need to understand what kinds of specifications are most understandable
Need to consider how to make specifications modular and modifiable

Verification of non-digital systems (SoC, MPU,
AMS)

Hybrid systems verification for analog effects
Hybrid systems verification for analog properties
Verification of probabilistic systems

Heterogeneous systems (AMS, SoC)

How to model, analyze, and verify MEMS, EO devices, and
electro-biological devices

16 Design Verification Difficult Challenges
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Formal Goal:
Verlfication - High Quality
High Capacity

Behavior
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4)
ATPG
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6)
7)

VLSI
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DiFFicuLT CHALLENGES
> 65 nm/ THROUGH 2007

SUMMARY OF | SSUES

At-speed test with increasing frequencies

Continuation (avoidance) of at-speed functional test with increased
clock frequencies (MPU, (ASIC/SoC))

At-speed structure test with increased clock frequencies (MPU,
ASIC/SoC)

Test and on-chip measurement techniques for multi-gigahertz serial
ports (AMS)

Capacity gap between DFT/Test generation/fault grading
tools and design complexity

Better EDA tools for advanced (open, delay, etc.) fault models (MPU,
ASIC/SoC)

DFT to enable low-cost ATE (MPU, ASIC/SoC)

Non-intrusive logic BIST (including advanced fault models) (MPU,
ASIC/SoC)

AMS DFT/BIST, especialy at beyond-baseband frequencies (AMS)

Quality and yield impact due to test equipment limits

Power and thermal management during test (MPU, ASIC/SoC)
Fault diagnosis and design for diagnosability (MPU, ASIC/SoC)
Yield improvement and failure analysis tools and methods (A SIC/SoC)

Signal integrity testability and new fault models

Signal integrity (noise, interference, capacitive/inductive coupling, etc.)
testability (MPU, ASIC/SoC)

Fault models for analog (parametric) failures (AMS)

SoC test

Integration of SoC test methods onto test equipment platform
Integration of multiple fabric-specific test methodol ogies

DFT, BIST and test methods compatible with core-based SoC
environment and constraints (AMS)

Embedded memory built-in self-diagnosis and self-repair
Test reuse

ADDITIONAL DIFFICULT CHALLENGES
< 65 nm/ BEYoND 2007

Integrated self-testing for heterogeneous SoCs

Test of multi-gigahertz RF front ends on chip (AMS)
Use of on-chip programmable resources for SoC self-test (SoC)

Dependence on self-test solutions for SoC with RF, AMS components
(SoC)

(Anaog) signal integrity test issues caused by interference from digital
to analog circuitry (AMS)

Test methods for heterogeneous SoC including MEM S and EO
components (SoC)

Diagnosis and reliability screens

Diagnosis and failure analysis for AMS parts (AMS)

Design for efficient and effective burn-in to screen out latent defects
(MPU, SoC)

Quality and yield impact due to test equipment limits (MPU, ASIC/SoC)

New timing-related fault models for defects/noise in nanometer
technologies (MPU, ASIC/SoC)

Fault tolerance and on-line testing

DFT and fault tolerant design for logic soft errors (MPU, ASIC/SoC)
Logic self-repair using on-chip reconfigurability (SoC)
System-level on-line testing (SoC)

17 Design Test Difficult Challenges
(4) (>65 nm)
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5) SoC
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/
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Year 2001| 2002 | 200|200\ 200|2006| 2007 | 2010 | 2013 | 2016 | Driver
31 4] 5
MPU % Pitch 13| 115 |100| 90 | 80 | 70 65 45 32 22
o
SoC new design| 12 | 12 | 12| 12| 12| 12 11 11 10 9 SoC
cycle (months)
SoC Jogic Mix| 1.2y 2.6y 5.9r |13.5r| 37.4r |117.3r| SoC
per
designer-year
(10-person
team)
SoC dynamic| 0 1.5 2.5y | 4y r 20r SoC
power reduction
beyond scaling
(X)
SoC standby| 2 6y 15r | 30r | 150r | 800r SoC
power reduction
beyond scaling
(X)
%Test covered| 20 30y 45r | 60r 75r 90r MPU,
by BIST SoC
18 Additional Design Technology Requirements
Solutions Exist [___] Solutions Being Pursued [ 1 No Known Solutions [N
Appendix: DT
DT 2001 ITRS
Design-1ITWG / 1990 RTL
4K (=16K ) 1990
7 DT DT
(1993 +38.9% 5.55K ) tall-thin
(1995 +63.6% 9.09K ) (2,500 74,999 )
(1997 +38.9% 56 K ) (75,000 1M ) (1999
+340% 40K ) IC 2001 +63.6% 91 K
(2003 +37.5% 125K )
(ES ) (2005 +60 200K ) DT
(1) IC RTL IC GDSII
IC (2) RTL
( ) ES
(3) ES RT 1
ES ( ) (
) 2
1 SoC(SoC-LP) PDA

DT
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