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Abstract

With the continuous scaling of process technology, a trend of
increasing integration density has been observed to have a critical impact
on parasitic effect and power integrity which leads to the increasingly
complicated design and optimization of on-chip power supply network.
How to design robust power supply network is becoming more and more
challengeable for high performance chip designs. Efficient methodologies
of simulation and verification are becoming a big concern for resolving the
power integrity issues. Since the number of on-chip transistors is
continuously increasing along with aggressive process technology scaling,
the exploding complexity of corresponding on-chip power grids make the
analysis and verification very challenging in the terms of excessive runtime
and huge memory consumption. In order to satisfy the required
capabilities of extremely large scale power grid analysis, several efficient
and robust algorithms are proposed in this work for difference scenarios of
simulation and verification. The major contributions of this paper are
listed as follows:

First, a friendly fast Poisson solver preconditioned method is
proposed for efficient early stage power grid simulation. The fast Poisson
solver is adopted as an analytical preconditioner for conjugate gradient
iterative method on unstructured power grid simulation. The
preconditioning technique is performed by grid transformation procedure
according to the characteristic of grid locality. Theoretical proof and
experimental results demonstrate that the preconditioning performance is
extremely robust with the increasing of grid size. The proposed approach
obtains more than 20X speedups compared with incomplete Cholesky

factorization preconditioned conjugate gradient method and random walk
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based Hybrid solver,

Secondly, an algebraic multigrid preconditioned conjugate gradient
solver is proposed with nearly linear complexity for efficient static
analysis. Double pairwise aggregation based algebraic multigrid with K-
Cycle acceleration is adopted as an implicit preconditioner to improve the
robustness and scalability of iterative method. Experimental results for
large scale power grids have shown that the proposed approach has
remarkable scalability when compared with widely used direct solver
Cholmod and well-developed Hybrid solver both on runtime and memory
consumption. DC analysis of power grid with 60-million nodes can be
solved by our simulator for 0. 01mV accuracy within 150 seconds and
21. 99GB total memory used.

Thirdly, a comprehensive flow is proposed for efficient transient
simulation of large scale RLC network. By eliminating the current
variables of inductor branch, the nodal analysis equation on RLC network is
reformulated as a symmetric positive definite system. Consequently the
Cholesky factorization based solvers and algebraic multigrid preconditioned
iterative solvers could be adopted for improving simulation efficiency.
Meanwhile, a scheme of partitioning based parallel transient simulation is
implemented for naturally independent subnets without accuracy lost.
Several industrial power grid benchmarks are evaluated for high accurate
transient simulation while the proposed approach with AMG-PCG solver
and Cholmod solver obtains several speedups and about 50% memory
consumption compared with KLU solver,

Finally, we propose a selected inversion technique to reduce the
computation cost of matrix inversion for vectorless power grid verification., The
locality existence among power grids is exploited to decided which blocks
of matrix inversion should be computed while remaining blocks are not
necessary. T he vectorless verification could be purposefully performed by
this manner of selected inversion while previous direct approaches are
required to perform full matrix inversion and then discard small entries to
reduce the complexity of linear programming. Meanwhile, constraint

locality is proposed to improve the verification accuracy. Additionally. a
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concept of Quasi-Poisson block is introduced to exploit grid locality among
realistic power grids and a scheme of pad-aware partitioning is proposed to
enable the selected inv’ersion approach available for practical use.
Experimental results show that the proposed approach could achieve
significant speedups compared to direct inversion and hierarchical
inversion approaches while still guaranteeing the quality of solution

accuracy.

Key words: VLSI; On-Chip Power Supply Network; Circuit Simulation;

Vectorless Verification; Power Integrity



