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““Reduced cost is one of the big Reduced cost is one of the big 
attractions of integrated attractions of integrated 
electronics, and the cost electronics, and the cost 
advantage continues to increase advantage continues to increase 
as the technology evolves as the technology evolves 
toward the production of larger toward the production of larger 
and larger circuit functions on a and larger circuit functions on a 
single semiconductor substrate.single semiconductor substrate.””
Electronics, Volume 38, Electronics, Volume 38, 
Number 8, April 19, 1965Number 8, April 19, 1965
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MooreMoore’’s Law s Law -- 20052005
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The IC Growth CycleThe IC Growth Cycle

Density  Density  

PerformancePerformance

Switching energySwitching energy

Cost per functionCost per function

Applications  Applications  

DevicesDevices

UsersUsers

RevenueRevenue

ConsumptionConsumption
growsgrows

TechnologyTechnology
advancesadvances



Silicon Scaling Still ImprovesSilicon Scaling Still Improves
Density, Performance, Power, CostDensity, Performance, Power, Cost

130 nm                       90 nm130 nm                       90 nm
MadisonMadison MontecitoMontecito

Cores/ThreadsCores/Threads 1/11/1 2/42/4
TransistorsTransistors 0.410.41 1.721.72 BillionBillion
L3 CacheL3 Cache 66 2424 MByteMByte
FrequencyFrequency 1.51.5 >1.7>1.7 GHzGHz
Relative PerformanceRelative Performance 11 >1.5x>1.5x
Thermal Design Power Thermal Design Power 130130 ~100~100 WattWatt

Source: IntelSource: Intel
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Convergence Drives GrowthConvergence Drives Growth

ConvergenceConvergence



ConvergenceConvergence
Wireless Mobile PCWireless Mobile PC
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Source: Goldman Sachs and Co., McKinsey & Company; Dec. 2002
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ConvergenceConvergence
Data Phones and TrafficData Phones and Traffic

2004: Data Phones 2004: Data Phones 
CrossCross--over Voiceover Voice

Source: WebFeet Research
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ConvergenceConvergence
Digital Consumer Electronics Digital Consumer Electronics 

The Great CrossoverThe Great Crossover
Digital Technologies Surpass AnalogDigital Technologies Surpass Analog
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Demand Growth Driven byDemand Growth Driven by
Better User ExperiencesBetter User Experiences
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RMS Applications GrowingRMS Applications Growing

Emerging workloads increase need forEmerging workloads increase need for
high performance parallel processinghigh performance parallel processing



Performance and Power EfficiencyPerformance and Power Efficiency
Increase with Parallel ArchitectureIncrease with Parallel Architecture

Relative Relative 
processor processor 

performance*performance*
(constant power (constant power 

envelopeenvelope))

Source: IntelSource: Intel

*Average of SPECInt2000 and SPECFP2000 rates for Intel desktop p*Average of SPECInt2000 and SPECFP2000 rates for Intel desktop processors rocessors 
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MultiMulti--Core Parallelism Going MainstreamCore Parallelism Going Mainstream
DualDual--Core Processor Plans (Intel)Core Processor Plans (Intel)
ServersServers DesktopDesktop MobileMobile
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Silicon Technology Changes to Silicon Technology Changes to 
Increase Power EfficiencyIncrease Power Efficiency

19601960’’s:  Bipolars:  Bipolar
19701970’’s:  PMOS, NMOSs:  PMOS, NMOS
19801980’’s:  CMOSs:  CMOS
19901990’’s:  Voltage scaling (P = CVs:  Voltage scaling (P = CV22f) f) 
20002000’’s:  Power efficient scaling/designs:  Power efficient scaling/design



Power Efficient 90nm Transistors with Power Efficient 90nm Transistors with 
Strained SiliconStrained Silicon

High High 
Stress Stress 

FilmFilm

NMOSNMOS

SiGeSiGe SiGeSiGe

PMOSPMOS

Compressive channel strain                 Tensile channel straiCompressive channel strain                 Tensile channel strainn
30% drive current increase              10% drive current increa30% drive current increase              10% drive current increasese

Innovate and integrateInnovate and integrate
for cost effective production for cost effective production 

Source: Intel



Strained Silicon Improves Transistor Strained Silicon Improves Transistor 
Performance and/or Reduces LeakagePerformance and/or Reduces Leakage
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Advances in Power Efficient DesignAdvances in Power Efficient Design

Using Using 
priorprior

designdesign
techniquestechniques

With new With new 
powerpower

reductionreduction
techniquestechniques

ISSCC 2005  P10.1ISSCC 2005  P10.1
““The Implementation of The Implementation of 
a 2a 2--core Multicore Multi--ThreadedThreaded

ItaniumItaniumTMTM Family Family 
ProcessorProcessor””

Power Power 
(W)(W)



Circuit Techniques Reduce Circuit Techniques Reduce 
Source Drain Leakage Source Drain Leakage 

Body BiasBody Bias Stack EffectStack Effect Sleep TransistorSleep Transistor
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Sleep Transistor Reduces SRAM Sleep Transistor Reduces SRAM 
Leakage PowerLeakage Power
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Source: Intel



Sleep Transistors Reduce ALU Leakage Sleep Transistors Reduce ALU Leakage 
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Silicon Technology Reaches Silicon Technology Reaches NanoscaleNanoscale
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Nanotechnology HallmarksNanotechnology Hallmarks
(For (For NanoelectronicsNanoelectronics))

Structures measured in nanometersStructures measured in nanometers
–– Less than 0.1Less than 0.1--micron (100nm)micron (100nm)

New processes, materials, device structuresNew processes, materials, device structures
–– Incrementally changing silicon technology baseIncrementally changing silicon technology base

Materials manipulated on atomic scaleMaterials manipulated on atomic scale
–– In one or more dimensionsIn one or more dimensions

Increasing use of selfIncreasing use of self--assemblyassembly
–– Using chemical properties to form structuresUsing chemical properties to form structures

Nanotechnology innovations will extendNanotechnology innovations will extend
silicon technology and Mooresilicon technology and Moore’’s Laws Law



Design Your Own Film withDesign Your Own Film with
Atomic Atomic Layer Deposition (ALD)Layer Deposition (ALD)

Step 3Step 3

Step 4Step 4Step 2Step 2

AA

Step 1Step 1

AA
AA

BB

AA
BB

Atomic level manipulation + SelfAtomic level manipulation + Self--assemblyassembly



ALD Enables HighALD Enables High--k Dielectric k Dielectric 
to Reduce Gate Leakage  to Reduce Gate Leakage  

Silicon substrate

Gate

3.0nm  High-k

Silicon substrate

1.2nm  SiO2

Gate

HighHigh--k vs. SiOk vs. SiO22 BenefitBenefit

Gate capacitanceGate capacitance 60% greater60% greater Faster transistorsFaster transistors

Gate dielectric Gate dielectric 
leakageleakage > 100x reduction> 100x reduction LLowerower powerpower

Source: Intel

Process integration is the key challengeProcess integration is the key challenge



Nanostructures for the Next Decade Nanostructures for the Next Decade 
(Transistor Research at Intel)(Transistor Research at Intel)
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Lithography Must Break ThroughLithography Must Break Through
to Shorter Wavelength (EUV* @ 13.5nm)to Shorter Wavelength (EUV* @ 13.5nm)

* Extreme Ultraviolet* Extreme Ultraviolet
10001000

100100

1010
’’8989 ’’9191 ’’9393 ’’9595 ’’9797 ’’9999 ’’0101 ’’0303 ’’0505 ’’0707 ’’0909 ’’1111

Feature sizeFeature size

EUVEUV

Lithography Lithography 
WavelengthWavelength

193nm & extensions193nm & extensions
248nm248nm

nmnm

GapGap

Source: Intel



Lithography Must Break ThroughLithography Must Break Through
to Shorter Wavelength (EUV* @ 13.5nm)to Shorter Wavelength (EUV* @ 13.5nm)

* Extreme Ultraviolet* Extreme Ultraviolet

Source: Intel
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Prototype EUV Tool DemonstratedPrototype EUV Tool Demonstrated

EUV LLC invested heavily to spur innovation EUV LLC invested heavily to spur innovation 



EUV Lithography inEUV Lithography in
Commercial DevelopmentCommercial Development

EUV Micro exposure tool (MET)EUV Micro exposure tool (MET)
EUV MET Image (8/04)EUV MET Image (8/04)

Integrated development in progressIntegrated development in progress
Source power and lifetimeSource power and lifetime
Defect free mask fabrication and handlingDefect free mask fabrication and handling
Optics lifetimeOptics lifetime
Resist performanceResist performance

Source: Intel



EUV Source Power IncreasedEUV Source Power Increased
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EUV Mask Blank Defects ReducedEUV Mask Blank Defects Reduced
Results from SEMATECHResults from SEMATECH

Source: SEMATECH
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Innovation and IntegrationInnovation and Integration
Will Sustain MooreWill Sustain Moore’’s Laws Law

InnovationInnovation IntegrationIntegration
Identify needs andIdentify needs and
create capabilities create capabilities 
that drive growththat drive growth

Deliver platforms Deliver platforms 
to optimize user to optimize user 
experienceexperience

Anticipate barriers Anticipate barriers 
and seek timely and seek timely 
breakthroughsbreakthroughs

Integrate new Integrate new 
materials, devices, materials, devices, 
processesprocesses

Make strategic Make strategic 
technology technology 
transitionstransitions

Coordinate Coordinate 
strategic shifts strategic shifts 
across industryacross industry
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