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Introduction 
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•Goal: Reduce the complexity of computations 

for analog circuits to include parasitics. 

•Physical layout and simulation analysis is very 

time consuming processes in the design flow. 

•Metamodels use mathematical formulas that 

represent circuit behavior within a given range 

using small amount of sampling points. 

•This paper targets sampling techniques which 

are technology independent and the amount that 

is needed to create an accurate metamodel 
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Design Flow 

•Verification data set is 30% < Sample (training) data set. 

 

•Most of the work is done outside of SPICE simulator. 
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Phase Locked Loop 



Phase Locked Loop 
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PLL physical layout 



Parameters Considered in PLL 
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Polynomial Metamodels 
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 21 design parameters used. 

 100/30 samples points used. 

 Polynomial models are created using the 

stepwise regression to minimize the amount 

of coefficients. 

 Order 1-6 models are picked for each FoM. 

 Best models from each FoM, based on 

RMSE and r2
 are picked for both training and 

verification sets. 



Polynomial Regression 
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Neural Network Models 

 100/30 sample points used. 

 Feed-forward dual layer NNs (FFDL) and 

radial NNs are considered in this work. 

 Multiple FFDL networks for each FoM: 

 Two types of non-linear hidden layer functions are 

considered each varying hidden neurons 1-20: 

 

 A)  

 

 B) 
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Neural Network Models 
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Bee Colony Optimization 
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State diagram for bee transition 



Bee Colony Optimization 
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 Output frequency of PLL is used as a 

constraint function. 



Optimization Results 
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FoM Baseline Power Power optimality 

Average Power 3.9 mW 3.9 mW 

Locking Time 8.476 μs 3.3147 μs 

Frequency 2.6909 GHz 2.7026 GHz 



Conclusions 

 A design flow for metamodeling using the neural networks 

is proposed 

 A 180nm PLL was subjected to the proposed design flow 

 Feed-forward NNs show better accuracy than polynomial 

models 

 Bee colony optimization algorithm is implemented for 

circuit transistor sizing optimization.  

 It is observed that there is no amount of hidden neurons 

that provide best result. 

 56% increase in accuracy is observed using NN over 

polynomial metamodels. 

 On average 3.2% error is observed using NN. 
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Thank you !!! 
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