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Agenda

• Rushing Or Holding?

••• Where Do We Stand?Where Do We Stand?Where Do We Stand?

••• Design To The RescueDesign To The RescueDesign To The Rescue
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The Era Of The Computer
“Only” 2 Billions Customers in the “Western” Countries
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The Era Of The Consumer
More Than 6 Billions Customers All Over the World
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What Has Happened In Between?
Households, Semiconductor Industry’s #1 Customer

Source: J.-H. Huang, SIA 2004
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2010?

45nm

Source: Nokia 2005

Nanometer Design
3 Billions Customers Already Within Reach
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Nanometer Design
10% of Designs ���� 35% of Wafers ���� 60% of Resources
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Nanometer Design
Few Products Qualify, Volume and Cost Rule
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1-2 B$Pilot Line

~800 M$/YearProcess Technology R&D

3 B$Wafer Fab

Up To 9 M$Masks’ Set (35-40 Masks)

20-50 M$Design

ConstantCost Of Test (SOC) Per Transistor

The Economy Of Scale
45nm Technology, 300mm Manufacturing

Source: A. Bryant, Intel 2005, IBS 2005, ITRS 2005
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NXP SemiconductorsNXP Semiconductors

Very Few Can Afford The Cost!
Minimum Revenue 8.3B$ @ 65 Nanometers in 2004 & 
17% 2005-2007 CAGR Required, Just to Stay Afloat

Source: IBS 2005; iSuppli 2006
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ST
NXP
Freescale

TSMC

ST

NXPNXP

FreescaleFreescale

TSMC

~ 12%

Technology Alliances And Lone Stars
@ 45nm and Below and their Share of the 2005 
Semiconductor Market (237 B$) 

Source: iSuppli 2006

Samsung
Toshiba
Infineon
AMD
Sony
Chartered

Samsung
Toshiba
Infineon
AMD
Sony
Chartered

> 20% ~ 15% ~ 5%> 15%

Samsung
Toshiba
Infineon
Freescale

AMD
Sony
Chartered

Samsung
Toshiba
Infineon

FreescaleFreescale

AMD
Sony
Chartered

> 20%
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6”/150mm6”/150mm

15%

12”/300mm12”/300mm

32%

8”/200mm8”/200mm

53%

200+ fabs,
owned by 70+

companies
1.6B$ each

51 fabs,
owned by ~27

companies
3B$ each

Source: IC Insights 2007, VLSI Research 2006

Manufacturing Clubs
300mm vs. 200mm and their Share of the 2005
Semiconductor Market (4.3 km2 of Wafers Area)
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Agenda

••• Rushing Or Holding?Rushing Or Holding?Rushing Or Holding?

• Where Do We Stand?

••• Design To The RescueDesign To The RescueDesign To The Rescue
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© C. Visweswariah, IBM 2004, ITRS 2005

Nanometer Design
Molecules ( & Atoms) Make The Difference



Area = 1

Area = 0.5

Dr. Gordon E. MooreDr. Gordon E. Moore’’s Laws Law
IntegrationIntegration’’s Capacity Doubles Every Years Capacity Doubles Every Year

“The complexity for minimum component costs has 

increased at a rate of roughly a factor of two per 

year ... Certainly over the short term this rate can be 

expected to continue, if not to increase. Over the 

longer term, the rate of increase is a bit more 

uncertain, although there is no reason to believe it 

will not remain nearly constant for at least 10 

years.” Gordon E. Moore, Electronic Magazine, 

April 19th, 1965

The Scaling Factor

√√√√ 0.5 = ~0.7



© 2006 Synopsys, Inc. (17)

Predictable Success

Semiconductor Industry Cycle
Technology Advances, Market Grows

� Density 2X

� Performance 1.4X

� Power 1X

� Cost 0.5X

� Applications

� Units

� Users

� Revenue
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The Signs of Crisis Are Visible Already
Voltage Is Breaking the Rules of Scaling

Manufacturing (microcents/Tx) �

Dynamic Power (W) �

Voltage (V) �

Die Size (mm2) �

Capacitance (fF) �

Integration Capacity (BTx) �

Frequency (GHz) �

Delay (ps) �

Device Length (nm) �

Source: ITRS 2005

0.12x0.35x1x

> 0.5x> 0.7x1x

0.75x0.85x1x

1x1x1x

0.5x0.7x1x

4x2x1x

2x1.43x1x

0.5x0.7x1x

0.5x0.7x1x

45nm65nm90nm
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The [not so] Hidden Costs of Scaling 
New Materials [and Devices] Are Badly Needed

Test (nanocents/Tx) �

Packaging (cents/pin) �

Interconnect RC Delay (ps) �

Cu Resistance (Ω) �

Power Density (W/cm2) �

Leakage Power Density (W/cm2) ��

Dynamic Power Density (W/cm2) �

IOFF (nA/um) ��

VTH (V) �

Source: ITRS 2005

1x1x1x

0.73x0.86x1x

~5x~2x1x

4x2x1x

~4x~2x1x

~6.5x~2.5x1x

2x1.43x1x

~9x~3x1x

.75x.85x1x

45nm65nm90nm
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� Density 2X

� Performance 1X

� Power 2X

� Cost 0.5X

� Applications

� Units

� Users

� Revenue

� Density 2X

� Performance 1X

� Power 2X

� Cost 0.5X

� Applications

� Units

� Users

� Revenue

Semiconductor Industry Stalemate
Technology (CMOS) Shrinks, Doesn’t Advance
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20um38um60umττττ = RC Delay (My) (um)

1.8 – 1.61.8 – 1.61.7 – 1.5Interconnect Aspect Ratio (Cu Wire/Via)

71mm

4.2GHz

355ps

1km

500K

90nm

2.2km1.4kmTotal Interconnect (Mx + 5 My)  (m/cm2)

15.1GHz9.3GHzOn-Chip Frequency (Hertz)

20mm32mmWavelength (mm)

1.8ns682psInterconnect RC Delay (My) (ps/mm)

2M1MASIC (Gates/mm2)

45nm65nmSource: ITRS 2005

Source: R. Chau, Intel 2003

Quasi-Atomic-Level Interconnect
Main Contributor to both Timing and Dynamic Power
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Source: R. Chau, Intel 2003

Atomic-Level Lithography
Main Contributor to both Leakage Power & Variability

50%45%40%Performance (Timing) Variability (%)

2 - 33 - 44 - 5Tox (# of SiO2 Molecules)

10%10%10%VDD Variability (%)

40%30%20%VTH Variability (%)

60%55%50%Power Variability (%)

500K

90nm

2M1MASIC (Gates/mm2)

45nm65nmSource: ITRS 2005
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Agenda

••• Rushing Or Holding?Rushing Or Holding?Rushing Or Holding?

••• Where Do We Stand?Where Do We Stand?Where Do We Stand?

• Design To The Rescue
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65 Nanometers, Ultra-Low Power…
It’s Actually 130nm (TOX) 90nm (Lgate) High Performance

0.68µ20.57µ2SRAM Cell (µ2)

240nm220nmContact-Gate Pitch (nm)

55nm35nmLgate (Printed) (nm)

1.7nm1.2nmTOX (nm)

1.2V1VVoltage (Volt)

LogicLogicTransistor

Ultra-Low PowerHigh Performance

Source: P. Bai, Intel, IEDM 2004; C.H. Jan, Intel, IEDM 2005
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Nanometer Design
The Most Obvious Solutions
Aren’t Necessarily the Right Ones
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Design (& EDA!) To The Rescue
When Silicon Technology Can’t Help

Source: S. Chou, Intel 2005

3X Leakage Power Reduction3X Leakage Power Reduction
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Nanometer Low Power
Transistor Size?… Power Supply?… EDA!

Design for
Low Power

2000’s

Voltage Scaling1990’s CMOS

1980’s Transistor Scaling

• Multi-VDD & Multi-VTH

• Adaptive Voltage & Frequency Scaling

• Adaptive Body Bias
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Variable VTH

Sleep Transistors Multi-
VDD             Variable VTH

Stack Effect
+ Multi-VTH

Leakage

Dynamic or 

Adaptive 

Frequency & 
Voltage Scaling

Clock Gating

Logic

Re-Structuring, 

Logic Sizing 
Reduced VDD

Multi-VDD

Dynamic & 

Short 
Circuit

Run TimeNon-Active ModulesDesign Time

Variable

Throughput/Latency

Constant

Throughput/Latency

2X-10X10X-1000X2X-10X

2.5X2X2.5X

Nanometer Design For Low Power 
All the Right Ingredients

Source: J. Rabaey, UCB 2005
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Design For Low Power Helps!
Variable VTH (Adaptive Body Bias)
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Source: V. De, Intel 2005

100% Performance Yield, 97% Highest Frequency Bin
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Design For Low Power Helps!
Adaptive Voltage Scaling & ABB

79%
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16%

2%

71%

26%

0%

20%

40%

60%

80%

100%

0.9 0.95 1 1.05
Frequency Bin

D
ie

 C
o

u
n

t

Fixed VDD: 1.05V

Adaptive VDD
6%

37%
52%

10%

74%

15%

0%

20%

40%

60%

80%

100%

0.9 0.95 1 1.05
Frequency Bin

D
ie

 C
o

u
n

t

Fixed VDD: 1.05V

Adaptive VDD
6%

37%
52%

10%

74%

15%

0%

20%

40%

60%

80%

100%

0.9 0.95 1 1.05
Frequency Bin

D
ie

 C
o

u
n

t

Adaptive VBS

Adaptive VDD + VBS

Source: V. De, Intel 2005

2X Performance Variability Reduction
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Nanometer Yield (Lithography)
Correctness?… Accuracy?… EDA!

Design for Manufacturing & 
Yield

2000’s

OPC/PSM1990’s

DRC/LVS

CMOS

1980’s

• Timing-Driven Wires Spreading & Vias Optimization

• Timing-Driven Metal Fill

• Lithography Compliant Routing
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Leakage

IR Drop

EM

CMP Erosion & 

Dishing

Vias Voids

Antenna Effect 

Printability

Vias Etching

Systematic

Resistive 

Opens/Shorts

Particles

Hard Opens/Shorts
Random

Run TimeManufacturing Time

ParametricFunctional

PNA/PNS

Reliability 

Analysis

Vias Optimization

Metal Fill

Gaussian Slack

Diodes Insertion Vias

Optimization
OPC-Aware Routing

LCC/OPC/PSM

Systematic

CAA

Wires Spreading

CAA

Wires Spreading
Random

Run TimeManufacturing Time

ParametricFunctional

Nanometer Yield (Lithography)
All the Right Ingredients

Higher Yield
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Design For Manufacturing/Yield Helps!
Timing Driven Wires Spreading

4% Better Yield: Uniformity Reduces Variability

Source: European IDM 2002
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Design For Manufacturing/Yield Helps!
Timing Driven Metal Fill

Cu Dishing < 40A: Uniformity Reduces Variability
°

Source: L. Pileggi, CMU 2005
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Nanometer Yield (Test) 
Correctness?… Completeness?… EDA!

Design for
Test

2000’s

DFT & ATPG1990’s

ATE

CMOS

1980’s

• Test Compression

• At-Speed Test

• Yield Diagnostic
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VDD, Temperature
Noise, SI

Hot Electrons, EM, NBTI
α ParticlesDynamic

Timing Bugs

Resistive Opens/Shorts
Implant Defects

Logic Bugs

Hard Opens/Shorts
Static

Models Accuracy & Correlation

ParametricCatastrophic

Yield Analysis

Yield Diagnostics
Dynamic

Path/Transition Delay Test, 

At-Speed Test

IDDQ, Burn-In
VLV Test

Stuck-At Test

IDDQ, Burn-In
Static

Composite Current Source (CCS) Models

Delay & Transition Faults Models

ParametricCatastrophic

Nanometer Yield (Test)
All the Right Ingredients

Source: R. Puri, IBM 2005
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Design For Test Helps!
25k Wafer per Month, 625 Gross per wafer, €1000 
Processed Wafer, €2.5 Package & Test, €5 ASP

Impact of improving yield by 10% :

~ €50 Million / year additional profit

Impact of reducing cost of test by 30% :

~ €45 Million / year additional profit

64% Yield Breakeven
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Design For Test Helps!
Adaptive Scan Compression

Source: European IDM, Inkjet Printer, 130nm

From 50M To 4M Vectors, From 15From 50M To 4M Vectors, From 15¢¢ To 3To 3¢¢ Per UnitPer Unit
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Nanometer Uncertainty & Variability 
Margins?… More Margins?… EDA!

Design for
Variability

2000’s

Multi Corners1990’s

Worst Case

CMOS

1980’s

• Current Source Models

• Statistical Extraction & Timing Analysis
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VDD, Noise, SI
IR Drop & EM

Temperature

VTH

Dynamic

Variations

Uncertainty

CD Control

VTH, LEFF, W, TOX

Vias & CMP

Static

Variations

Uncertainty

DesignProcess

Adaptive Body Bias &
Voltage Scaling

SI, Power & Thermal

Analysis

Adaptive Body Bias
Wires Spreading, Vias

Optimization

Dynamic

Variations

CCS, Gaussian Slack

Statistical Extraction & STA

LCC, OPC/PSM

Wires Spreading, Vias
Optimization & Metal Fill

Static

Variations

Composite Current Source (CCS) Models

DesignProcess

Nanometer Uncertainty & Variability
All the Right Ingredients

Source: J. Rabaey, UCB 2005; S. Borkar, Intel 2004; S. Nassif, IBM 2000
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Design For Variability Helps!
Composite Current Source (CCS) Models
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CCS NLDM

CCS Is 2.5X More Accurate Than NLDM

Source: U.S. IDM 2005
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Design For Variability Helps!
Statistical Extraction & STA

����Accuracy ����Pessimism ����10% Higher Frequency

Source: U.S. Fabless, Wireless Application, 65nm
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