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Variability classification Variability classification 

After K. Takeuchi (NEC)



Variability in 65 nm (L=60 nm, W=140 nm) Variability in 65 nm (L=60 nm, W=140 nm) 

T. Hiramoto (Tokyo Univ)
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T. Hiramoto (Tokyo Univ)



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



Strain induced variabilityStrain induced variability
Aft W Fi htAfter W. Fichtner



Statistical variabilityStatistical variability

Random dopants Polysilicon/high-k
Granularity

Line edge roughness



The most comprehensiveThe most comprehensive
technology availabletechnology availabletechnology availabletechnology available

VD = 50mV

VD = 1.0V 

RDD+LER+PSG 
Compact modelsp



Hierarchical statistical simulation Hierarchical statistical simulation 
and verificationand verificationand verification and verification 

Performance/power/yield trade off is a necessity
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Transport (scattering) related variabilityTransport (scattering) related variability



The impact of the transport related variabilityThe impact of the transport related variability

VD=50 mV VD=1 V

DD only DD only

V =50 mV V =1 VVD=50 mV VD=1 V

DD+MC DD+MC

35 nm MOSFET



Generation of target IdGeneration of target Id--Vg characteristicsVg characteristics
18 nm MOSFETs18 nm MOSFETs

Generation of full target Id-Vg characteristics is tricky

S i l tt ti h t b id tSpecial attention has to be paid to:
Resolution of the individual dopants
Doping concentration and field mobility modelsDoping concentration and field mobility models
Statistical calibration



Simulation of 100000 statistical sampleSimulation of 100000 statistical sample

35 nm  13 nm  

35 nm

Low VT Medium VT High VT

35 nm  

1313 nm  
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Test bed 35 nm MOSFETTest bed 35 nm MOSFET



Two stage parameter extractionTwo stage parameter extraction
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200 microscopically different transistors 



State machine extraction engineState machine extraction engine

Speed and flexibilityp y
Multiple back end simulators
Multiparameter/multidevice optimisation
Direct PCA extraction
Direct NPM extraction
A t t d R d S i libAutomated RandomSpice library
Fully scriptable fitting strategy
Parallel statistical fittingParallel statistical fitting



Comprehensive sensitivity analysisComprehensive sensitivity analysis



Parameter selectionParameter selection

BSIM BSIM

PSP PSP



Statistical accuracyStatistical accuracy
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Statistical compact model parameter Statistical compact model parameter 
correlationscorrelationscorrelationscorrelations



Naïve approach vs. PCANaïve approach vs. PCA
Naive

VVth
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Naïve approach vs. PCANaïve approach vs. PCA

 

Naïve 85%, PCA 15% Naïve 25%, PCA 5% 



Statistical Nonlinear Power Method (NPM)Statistical Nonlinear Power Method (NPM)

I tInverter 
propagation 

delay

NPMNPM

PCA
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RandomSpiceTM



Simple adder example

Representative for medium length critical path



Statistical vs. corner analysis

C l t d i bilitCorrelated process variability +
statistical variability



Statistical vs. corner analysis

U l t d i bilitUncorrelated process variability +
statistical variability



Statistical vs. corner analysis

P l t ti ti l i bilitPurely statistical variability



Statistical vs. corner analysis

C l t d i bilitCorrelated process variability +
3 level of statistical variability



Voltage scaling – yield prediction



Voltage scaling – yield prediction
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ConclusionsConclusions

Statistical variability has to be taken very 
seriously at 32 nm technology generation.

Statistical reliability, enhanced by statistical 
variability is becoming an important issue.

Statistical compact model techniques are 
necessary to support statistical design.

Statistical circuit simulation will allow 
performance-power-yield tare off.


