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Introduction 

• Analog and AMS simulations involve more intense 
calculations, which makes simulation time consuming. 

• Conducting optimization on physical layout requires 
multiple simulations and is very costly process in original 
design flow. 

• Design flow using metamodels is introduced to reduce the 
design time. 

• Metamodeling is mathematical formula that represents 
circuit behavior within a given range using sampling points. 

• Successful sampling techniques are needed to reduce the 
amount of data samples. 

• Design constraints placed on a design require accurate 
metamodels to increase yield of the process. 
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Phase Locked Loop 180 nm 
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Proposed Design Flow 

• 100 training and 30 
verification sample 
points are used for 
PLL. 
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Parameters Considered in PLL 

Large range for 21 parameters for transistor sizing are considered. 
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Metamodeling 

• Metamodels are mathematical function(s) 
that are used to represent output of the 
circuit i.e. polynomial functions, Kriging 
interpolation, neural networks, and DOE 
predictive functions. 

• Metamodels are created from the sampled 
data. 

• The accuracy of metamodel is dependant on 
the amount of samples and its architecture. 
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 Prediction equation: 

 

 

 Can be used in different tool like MATLAB. 

 Metamodels are not as computationally expensive 

than conducting simulations. 
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The Metamodels 
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Error Analysis 
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Error Analysis 
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2RCoefficient of determination       predicts the probability of the future result to be 
predicted accurately by the metamodel.  It ranges from 0 to 1, with 1 being the best 
result. 

adjR2
accounts for the number of explanatory terms in a model. 
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Neural Network Models 

• Feed-forward dual layer 
NNs (FFDL) are 
considered. 

• FFDL network created for 
each FoM: 
– non-linear hidden layer 

functions are considered 
each varying hidden 
neurons 1-20: 
• A) 
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• R.Dawkin proposed the 
notion of meme in 1976. 

• In 1989 P. Moscato has 
introduced first memetic 
algorithm. 

Memetic Algorithm 
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Memetic Algorithm 
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Bee Colony Optimization 

State diagram for bee transition 
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Results 
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Results 
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ABC vs. Memetic Algorithm 

Conclusion:  Due to faster convergence and better global 
optimization results Memetic algorithm is more fit for 
analog/AMS optimization. 
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Conclusions 
• A design flow for using neural network metamodels is 

proposed. 

• A 180 nm PLL is subjected to the proposed design 

flow. 

• ABC and memetic optimization algorithms are 

implemented for circuit transistor sizing optimization. 

• IP reuse has been presented in this work for 2 different 

specifications of PLL successfully completing design 

using once created metamodels. 

• Memetic algorithm shows faster convergence and 

global optimization accuracy Artificial Bee Colony 

algorithm. 
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