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Statistical variability is one of the major 
challenges associated with scaling   

 Variability results in higher parametric yield loss

After K. Takeuchi (NEC)
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TCAD based Design Technology Co-
optimisation (DTCO) 
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Hierarchical compact model structure to 
support DTCO
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The GSS Tool Suite enables technology 
exploration 
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14nm DG FinFET specification 
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Dimension Min (nm) Max (nm)

Fin Width� 8� 12�

Fin Height� 22� 28�

Gate Length� 18� 22�

T=85°C  VDD = 0.9V NMOS PMOS

ION (mA/μm )� 0.9� 0.8�

IOFF (nA/μm )� 10� 10�

DIBL(mV/V) � 56� 65�

SS(mV/Dec) � 86� 88�

 Double gate FinFETs 
targeted at 14nm 
technology node. 
 Devices targeted for high 
performance SRAM 
application. 
 Process variation aware 
design. 



The ‘atomistic’ device simulator GARAND  



Process induced variability – 5x5x5 DoE 
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 Captured by experiment 
design. 
 Dependence on L, HF, WF, 
TOX. 



Nominal Device Statistical Variability

Correlation between subthreshold 
figure of merits, such as IOFF and 
DIBL, can be a good indicator to 
show whether MGG is an active 
variability source. 



Correlation between process and statistical 
variability 



Statistical aspects of Reliability 
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The GSS Tool Suite enables technology 
exploration 
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The Statistical Compact Model Extractor 
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Response Surface CM – Group 1 Parameter



Statistical CM



Statistical Compact Modeling – Group 2 parameter



Compact model strategy - Fresh 
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Compact model strategy – heavily degraded 
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The GSS Tool Suite enables technology 
exploration 
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The Statistical Circuit Simulation Engine 
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Parameter generation – process 
variability 
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Parameter generation – statistical 



Time-to-statistical compact model 
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Compact model strategy – interpolated 
7.5e11- 3 months 
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FinFET based SRAM design 

1-1-1 Cell 2-3-3 Cell



Cell design trade off – nominal model 

Metal Gate Work-Function Engineering



Process variability – response surface 



Process variability – statistical 



Interplay between GV and LV 



Reliability Aspect of SRAM Performance�

 Under N/PBTI stress 
condition, SNM can be 
degraded by more than 25% 
 However, write operation 
can be improved under 
stress condition 
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Conclusions
  DTCO has became mandatory in 

advanced technology nodes.�
  TCAD based DTCO reduces time to 

technology and time to product 
  DTCO CM should capture process, 

statistical and time dependent variability 
and their correlations�


