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Abstract Case Study Circuit: PLL The Proposed Kriging-ANN Metamodel based Fast Analysis Method

The increasing complexity of modern electronic devices driven by * The design process of a Phase Locked Loop - (rioing Padiced Surtace
consumer demand and technological advancements presents (PLL) is used to illustrate the efficiency of the - _ I |
significant challenges for designers. Reduced feature sizes and proposed technique. | Lms ¥

Increased capabilities lead to more complex designs as more * The design objective was to minimize power I | Sampling | =, Kriging I

subcircuit systems are packed into a single chip. Traditional dissipation using locking time as a constraint. im "

synthesis methods which iInvolve CAD tools for accurate « The physical design of the PLL was Ey— g Netlist Function

simulation are computationally time expensive and even become implemented using 180nm technology. R=ELT TS s .

infeasible especially in designs using 65nm technology and beyond « The parasitic netlist is extracted and (Data Samples)

due to increased design factors and the exponentially increasing parameterized for 21 design variables.

design space. Current design methods aim to explore techniques o |

that produce optimal designs while reducing the design effort of ‘I‘Opt'?aﬁzglg‘:“g“ Performance Shift

designers. Metamodeling technigues have been used in this light to /\J

reduce the cost of manual iterative circuit sizing during synthesis. Outmat . o Analysis
Existing metamodeling techniques however are unable to capture  Input ' @ . |
the effects of process variation which are dominant in deep @7 ol cptimization

nanometer regions. This work explores Kriging techniques for fast Optimization Algorithm /‘;ﬁm/
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and accurate design optimization of nanoscale analog circuits. An
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illustration with a 180nm PLL design shows a reduction in power System Level Diagram of a PLL Caussian e Fomt) AT e
dissipation by 79% while reducing simulation time by about 25x. High Level Design Flow
Kriging Bootstrapped ANN Concept Metamodel Accuracy and Comparison Optimization Results
« Kriging techniques take into account the correlation effects Statistical Analysis for Accuracy of Generated Metamodels of the PLL Final Optimization Results for PLL
between design parameters apd can thqs better capture the ST Rriging-ANN Kriging N E— Power (W) | Locking Time (9 | Arca (i)
effects of process variation during the design process. Value Value error (%) | Value | emor (%) | Value | error (%) Baseline Design 327 274 525 X 326
» Kriging weighting calculations are potentially time consuming 5 Mean | 248 mW | 240mW | 322 | 250 mW | 081 | 250 mW | 08I Opdma pimal |07 o 220 2320
for high dimensional designs. PLL"SID [ 0402mW | 034mW | 1905 [ 035ImW | 2043 | 069mW | 6428

P Mean | 2.66 GHz | 2.51 GHz 5.64 2.66 GHz 0.11 2.74 GHz 5.3%
PLL STD | 1095 MHz | 41.03 MHz | 28292 | 372 MHz | 6603 | 51.9 MHz | 37397

ANN
LekpLr St 070 | 08 s | 3888 | 8w | 10235 | 1015 | 4027 Conclusion
Deta 2L e 7 7 Mean [6.80 ns 14.69ns 10.25 16.78ns 0.12 [7.91 ns 6.61
“PLL STD [.32 ps 430 ps 240.91 0.63ps 4848 [0.17ps | 135222 * A novel metamodeling design flow

methodology combining Kriging and Artificial

— Neural Networks to create process aware
I "' Comparison with Related Metamodel Designs Monte-Carlo Time Analysis metamodels is presented.
o enerator Test Model | Kriging-ANN | Kriging | ANN * The proposed technique shows improved
Kriging Based ANN Metamodel Generation Flow Research Metamodel | Circuit | Accuracy T 0 R8s | 10 process awareness over conventional ANN
Seled AU BRRRS e 1;% 053351‘2’;4513) Speedup | 24.63% [ | 2463x models and  achieves power consumption
* ANN techniques produce accurate models but do not model Yu 9] Krigng ' Tvco 70,5325 (MSE) improvement of 79% and Monte Carlo analysis
process variation effects. Kuo [7] Polynomial PLL 2;0 X 10—_46 time speed up of 25x over Kriging models.
» The proposed technigue combines Kriging and ANN by using This Paper Rriging ANN | PLL | 251 x10 - Future work will explore techniques for
Intermediate sample (bootstrapped) data points to train the increasing nominal accuracy.

ANN model.
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