
Statistical Device Variability and 
its Impact on Design

Asen Asenov

Device Modelling Group
University of Glasgow

Statistical Device Variability and 
its Impact on Design

Asen Asenov

Device Modelling Group
University of Glasgow



Summary
Motivation
Deterministic variability 
Statistical variability
Impact on circuits
EU variability projects
Conclusions

SummarySummary
Motivation
Deterministic variability 
Statistical variability
Impact on circuits
EU variability projects
Conclusions



Summary
Motivation
Deterministic variability 
Statistical variability
Impact on circuits
EU variability projects
Conclusions

SummarySummary
Motivation
Deterministic variability Deterministic variability Deterministic variability 
Statistical variabilityStatistical variabilityStatistical variability
Impact onImpact onImpact on circuitscircuitscircuits
EU variability projectsEU variability projectsEU variability projects
ConclusionsConclusionsConclusions



The variability is becoming a major 
headache

The variability is becoming a major The variability is becoming a major 
headacheheadache

G. Declerck, Keynote talk, VLSI Technol. Symp. 2005



The local stochastic variability becomes
a major source of concern

The local stochastic variability becomes
a major source of concern

After D. J. Frank, IBM
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OPC and strain related variability
65 nm example Synopsys (SISPAD 06)

OPC and strain related variability
65 nm example Synopsys (SISPAD 06)



Strain induced variability 
After W. Fichtner



ECAD tools can deal reasonably well
With deterministic variability 



Restricted design rules and uniformityRestricted design rules and uniformity
After H. Onodera
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Statistical variabilityStatistical variability

The simulation
Paradigm now

A 22 nm MOSFET
In production 2008

A 4.2 nm MOSFET
In production 2023



Random discrete Random discrete dopantsdopants

Continuous process simulation
Synopsys

Atomistic process simulation
M. Jaraiz

KMC Simulator



Line edge roughness (LER)Line edge roughness (LER)
Sandia Labs – EUV

1D Fourier synthesis



Poly silicon grain boundariesPoly silicon grain boundaries
Poly Si grains, SEM Interdigitised



HighHigh--κκ morphologymorphology
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Measured and simulated variabilityMeasured and simulated variability
LP LP MOSFETs MOSFETs 45nm technology node45nm technology node
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Combined variability inCombined variability in bulk bulk MOSFETsMOSFETs
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The true shape of the distributionThe true shape of the distribution
Based on the simulation of 100000 transistorsBased on the simulation of 100000 transistors



MOSFET capacitance variabilityMOSFET capacitance variability

Gate capacitance

Drain capacitance



Interconnect variabilityInterconnect variability
After: T. D. Drysdale
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Gate tunnelling leakage variabilityGate tunnelling leakage variability

Interface
pattern

Electron
distribution
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Statistical reliabilityStatistical reliability

Continuous
Single
trap

Multiple
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Deterministic vs. statistic variabilityDeterministic vs. statistic variability

2 billion transistors:  VT1=200mV VT2=300mV
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Compact model strategies
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Impact of bulk MOSFET scaling of SRAMImpact of bulk MOSFET scaling of SRAM
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Hard logic faultsHard logic faults
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Timing variabilityTiming variability
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Performance/Power/Yield (PPY) tradePerformance/Power/Yield (PPY) trade--offoff
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The monitors and knobs approachThe monitors and knobs approach

The “Technology Aware Design” of IMEC



The Power 6 processor of IBMThe Power 6 processor of IBM
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Meeting the Design Challenges of Nano-
CMOS Electronics - eScience Pilot Project
Meeting the Design Challenges of Nano-

CMOS Electronics - eScience Pilot Project
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Manchester University APTGUM, eSNW
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Industrial Partners
Synopsys, ARM, Wolfson Microelectronics, 
Freescale, National Semiconductors, Fujitsu, NMI
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Grid based statistical simulationGrid based statistical simulation



CMOS variability research in Europe
ESSDERC/ESSIRC 2008 Workshop
CMOS variability research in Europe
ESSDERC/ESSIRC 2008 Workshop

NANOSIL: Silicon-based nanostructures and 
nanodevices for long term nanoelectronics 
applications (EU FP7), R. Clerc
PULLNANO: Pulling the limits of the nano CMOS 
Electronics (EU FP6), H. Maes
REALITY: Reliable and variability tolerant system on 
a chip design in More-Moore technologies  (EU FP7) 
B. Dierickx, IMEC
NanoCMOS: Meeting the design challenges of the 
nano-CMOS electronics (UK EPSRC), A. Asenov, 
GU
NanoMat: Meeting the material challenges of the 
nano CMOS electronics (UK  EPSRC), A. Shluger, 
UCL
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ConclusionsConclusions

The statistical variability will be increasing in the 
next technology nodes.

The statistical variability can not be reduced by 
fine tuning the technology, OPC and regular 
designs.

The statistical variability demands statistical 
approach to design and will force fundamental 
design changes.

The fabless and the chipless companies have to 
learn more about technology and devices.
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