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Motivation

• Existing timing closure methodologies for
advanced technology nodes have additional
margins to account for the increasing complexity
of electrical effects such as on-chip variation
(OCV), statistical OCV, signal integrity etc. as well
as to include the effect of dynamic voltage drops
on timing which is significant at these advanced
nodes.

• Not only does the addition of above margins add
pessimism and overdesign, it also increases turn
around time to identify real violations. The current
methodologies starting from course graph-based
analysis (GBA) in initial stages, to accurate path-
based analysis (PBA) with static timing analysis
(SSTA) in final sign-off stages followed by Monte-
Carlo SPICE to identify real violations, easily takes
several days of ECO for timing-fixing.

• We present a timing fixing methodology and
results on an SoC that improves existing margin-
based approach to minimize overdesign through
fast and high capacity transistor-accurate path
based analysis to rapidly identify the real
violations, reducing days of ECO down to hours.
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(a) Methodology : flow 

(b) Flow steps 

• The std cell libraries are characterized using FX Model generation 
which is a fast process that incorporates foundry process models and 
transistor layout to get a detailed model of cell behavior. The model 
captures high-risk timing behaviors like multiple input switching, non-
linear input slews, voltage drop, functional noise, and Miller 
capacitance

• The power ground dynamic IR drop on instances is simulated using 
functional VCDs and fed to statistical timing analysis simulator 

• The path based statistical timing analysis is threaded and 
distributed to reduce turn around time compared to MC-Spice

Methodology
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Results
• The accuracy and runtimes were compared on worst 10 timing 

paths between Hspice Monte Carlo SPICE vs Path FX tool

• The accuracy was found within 2% of MC Spice with orders 
of magnitude improvements in runtimes.

• The total number of negative statistical slack violations 
reduced drastically from 780 to 55 

• This can save days of total turn around time (TAT) for timing 
fixing.  
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Results
• A comparison of statistical slack difference for 

identical negative slack violation paths shows 
increased pessimism due to margin based 
approach in the existing methodology. 

• The effect of dynamic voltage drop on cell delays 
and subsequently statistical slack is significant for 
this SoC on advanced technology node. 

With Dynamic IR includedWithout Dynamic IR
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Summary 

• We present a timing fixing methodology
including impact of dynamic voltage drop that
improves upon existing margin-based approach
to minimize overdesign and pessimism in
existing timing closure flow.

• The methodology leverages transistor SPICE
models to create new (FX) models of the std cell
libraries that work with a fully statistical
simulator to accurately model delays, slews,
constraints and the non-gaussian behavior. The
simulator is threaded and distributed to reduce
turn around time compared to MC-Spice

• Our results for an SoC on advanced technology
node, when compared with existing margin-
based flow clearly reveal the pessimism in the
number of violations identified. The accuracy of
the results was found within 2% of MC-Spice
with orders of magnitude reduction in runtimes,
resulting is rapid identification of real violations.
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