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Dr. Gordon E. Moore 
is Chairman Emeritus 
of Intel Corporation. 
He co-founded Intel 
in 1968, serving 
initially as Executive 
Vice President. He 
became President 
and Chief Executive 
Officer in 1975 and 
held that post until 
being elected 
Chairman and Chief 
Executive Officer in 
1979. He remained 
CEO until 1987 and 
served as Chairman 
until being named 
Chairman Emeritus 
in 1997.

Moore’s LawMoore’s Law

• New process technology every 2 years
• Flawless ramp of new process technology into HVM
• Lead Product synchronized with HVM ramp

Driving
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Process Technology PipelineProcess Technology Pipeline

Actual Forecast

Process Name P858 Px60 P1262 P1264 P1266 P1268

1st Production 1999 2001 2003 2005 2007 2009

Lithography 180 130 90 65 45 32 nm

Gate Length 130 65 45 32 22 16 nm

Fab Development Research
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• Random dopant fluctuation 
& line edge roughness

• Lithography printing, control 
& proximity effect

Device Feature Size Scaled into Sub 100nm RangeDevice Feature Size Scaled into Sub 100nm Range
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• Extreme short channel effect
• Channel impurity scattering 
• Parasitic Rsd & Cov limiting 
performance
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Gate Oxide ScalingGate Oxide Scaling

•• Gate dielectric must scale to maintain maximum gate control of Gate dielectric must scale to maintain maximum gate control of chargecharge
•• SiOSiO2 gate dielectric thickness approaching physical limitgate dielectric thickness approaching physical limit
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Power TrendsPower Trends
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Increasing Sources of Non-Uniformity Requiring a Wid er 
Range of Integrated Physical and Compact Modeling

Design Model
• Assumptions
• Approximations
• Errors in models
• etc.

Applied Signals
• Power supply
• On chip voltage
• Self heating
• Device degradation 
• etc.

Wafer Processing
• Systematic WID 

(across wafer & field)
• Process change and   
drift

• Unassignable cause
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Variations: Layout Dependent Flare in EUVVariations: Layout Dependent Flare in EUV
ll Rough mirrors in EUV optics cause scattering or flareRough mirrors in EUV optics cause scattering or flare
ll Flare and flare variation causes WID CD variationFlare and flare variation causes WID CD variation
ll “Long range” layout variations affect local flare“Long range” layout variations affect local flare
ll Layout can be modified to minimize such flare variationLayout can be modified to minimize such flare variation

Short range component Long range component
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Shrinking Usable Voltage RangeShrinking Usable Voltage Range
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Device Innovation: Scaling Alone No Longer Suffice Device Innovation: Scaling Alone No Longer Suffice 

Normal silicon lattice    Strained silicon lattice
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Innovative Device Structure: TriInnovative Device Structure: Tri --Gate TransistorGate Transistor
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Device Innovation: Future Terahertz TransistorDevice Innovation: Future Terahertz Transistor
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Research on New MaterialsResearch on New Materials

1980s 1990s

2000s

Ni

Identification and integration of new materials for device & Identification and integration of new materials for device & 
interconnect system will be key to extending Moore’s Lawinterconnect system will be key to extending Moore’s Law
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Implications for Compact ModelingImplications for Compact Modeling

ll We are at the inflection point where new compact device We are at the inflection point where new compact device 
models may be needed every 1~2 technology generationmodels may be needed every 1~2 technology generation
-- Novel devices with new structures need be invented Novel devices with new structures need be invented 
-- Needs much faster development/qualification of “new ” compact Needs much faster development/qualification of “new ” compact 

device models than ever beforedevice models than ever before

ll A hierarch of compact device models will be required for A hierarch of compact device models will be required for 
accuracy/performance tradeoff accuracy/performance tradeoff 
-- Support analog and digital designSupport analog and digital design
-- Support dynamic timing, power and reliability analy sisSupport dynamic timing, power and reliability analy sis
-- Comprehend layout dependenciesComprehend layout dependencies

ll Compact interconnect models are requiredCompact interconnect models are required

-- Accurate capacitance modeling of complex multiAccurate capacitance modeling of complex multi --layer 3D layer 3D 
geometries with conformal composite  dielectric mat erialsgeometries with conformal composite  dielectric mat erials

-- Inductance extraction with high extraction performa nce Inductance extraction with high extraction performa nce 
-- Layout dependenciesLayout dependencies
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Implications for Compact ModelingImplications for Compact Modeling

ll A significantly wider range of compact models are neede d A significantly wider range of compact models are neede d 
beyond transistor and interconnect compact models to support beyond transistor and interconnect compact models to support 
optimized product design under decreased PV & RV margi nsoptimized product design under decreased PV & RV margi ns
-- Power analysisPower analysis
-- Signal integrity analysisSignal integrity analysis
-- SelfSelf--heat analysisheat analysis
-- Analytical relationships on layout dependenciesAnalytical relationships on layout dependencies

ll Need mechanism for adding “customized” model features to Need mechanism for adding “customized” model features to 
support proprietary technology featuressupport proprietary technology features
-- IP protectionIP protection
-- Robust porting of “customized” compact models onto vendor Robust porting of “customized” compact models onto vendor 

simulatorssimulators
-- Fast turn around and minimum supportFast turn around and minimum support
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Requirements on Compact Transistor Model Requirements on Compact Transistor Model 
During Technology and Product CycleDuring Technology and Product Cycle
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V, T & supports 
physical process 
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Proprietary Model CustomizationProprietary Model Customization
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Porting of Customized Model

Gate 
Tunneling

Models
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Substrate

Current Model

More Physical
Modeling of
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Overlap Capac.

Model
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Vendor Simulator A
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Modular Model Structure + Standardized Verilog-A & Compiler 
---->>>> Model Portability
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Hierarchy of physical and compact models

Integrated TCAD Modeling Integrated TCAD Modeling 
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Tri-Gate Transistor vs. Planar Analysis Using 
TCAD Simulation
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PF Before Silicon Using Integrated TCAD SystemPF Before Silicon Using Integrated TCAD System

ll Simulates ETEST, device and circuit Simulates ETEST, device and circuit 
metrics for technology assessmentmetrics for technology assessment

ll Generated PF before silicon to support Generated PF before silicon to support 
early designearly design
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Process VariationProcess Variation
-- Dopant Fluctuations from TCAD simulationDopant Fluctuations from TCAD simulation

ll ~ 500 dopant atoms for ~ 500 dopant atoms for 
90nm node90nm node

ll Causes scatter in the Causes scatter in the 
“turn“turn --on” characteristicson” characteristics

ll Scatter worsens with Scatter worsens with 
continued scalingcontinued scaling

R. Shaheed, TCAD/Intel
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Minimize Variation and Provide Local Device & Minimize Variation and Provide Local Device & 
Interconnect Dimensions for ProductInterconnect Dimensions for Product DesignDesign

Auto Gauging and 
metric generation
of test structures

Uncorrected (red) and 
corrected (blue) SRAM mask

Result of OPC corrections can be 
evaluated
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Interconnect Analysis with Integrated Modeling SystemInterconnect Analysis with Integrated Modeling System
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Compact Model Enabled Product SER Risk AnalysisCompact Model Enabled Product SER Risk Analysis
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ChipChip --Level SelfLevel Self --Heat Analysis for RV and PVHeat Analysis for RV and PV
• Accurate and efficient analysis with combined numerical/compact 

modeling (TCAD) and rules/heuristics (ECAD)

Slide removed!
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ConclusionsConclusions
ll Extending Moore’s Law is job #1.Extending Moore’s Law is job #1.

ll We are at the inflection point where compact models must be We are at the inflection point where compact models must be 
developed at ever faster rate and over a much broader range.developed at ever faster rate and over a much broader range.

-- New devices, new materials, new circuit technologies w ill be New devices, new materials, new circuit technologies w ill be 
invented to extend Moore’s Lawinvented to extend Moore’s Law

-- Models and tools must be supplied to all product de sign Models and tools must be supplied to all product de sign 
under decreasing margins (Vcc, power budget, etc.)under decreasing margins (Vcc, power budget, etc.)

ll Must build mechanism to allow porting of proprietar y model Must build mechanism to allow porting of proprietar y model 
customization quickly and IP protected.customization quickly and IP protected.

ll Partnership among universities, EDA vendors, chip c ompany Partnership among universities, EDA vendors, chip c ompany 
and fabless design companies will be required.and fabless design companies will be required.


