Stability and passivity preserving modeling
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Research context and motivation

Power integrity assessment is a fundamental step in electronic systems design.

Must be performed through accurate system-level transient analyses.

The computational burden required by these simulations is overwhelming due to the
complexity of the involved systems.

Alternative simulation frameworks are required, so that detailed circuit-level SPICE

simulations can be avoided. o o el
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distribution systems, including
distributed voltage regulators.
Behavioral reduced-order
models are very promising

for such application.
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A PDN scheme from : S.Lai, B. Yai; P.Li. “'Stability assurance and design
optimization of large power delivery networks with multiple on-chip voltage
regulators”, IEEE ICCAD, San Jose, 5-8 November 2012 pp. 247-254.

« How to obtain robust behavioral models of linear (power distribution network with all
post-layout parasitics) and non-linear (voltage regulators) circuit blocks.
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« How to guarantee the reliability of large MIMO behavioral models of passive structures
under different feedback interconnection conditions.

techniques for fast power integrity simulations
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Novel contributions

Development of a novel simulation framework

for large-scale power delivery system analysis

based on guaranteed stable interconnection of behavioral models

based on reduced-order parameterized linear time-varying approximations to replace non-
linear components (LDOs, switching power converters)

allowing for fast transient simulation of large MIMO systems under different working
conditions, including sensitivity, what-if, and optimization.
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GUARANTEED STABLE MODEL OF THE POWER DELIVERY NETWORK

L-------------------------------

,_
O
>
O

Adopted methodologies

Parameterized Macromodeling (Parameterized Sanathanan-Koerner iteration)
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* How to guarantee the properties of passivity (if required) and stability of the derived
models and their interconnections y

 Guarantee the stability of linear time-varying behavioral models of active circuit blocks .

« Systematically generate behavioral models for passive electrical structures with low
sensitivity to the loading conditions

 Fast and accurate simulation of switching circuits
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