Deep-Submicron
Timing Closure

New and highly anticipated

To some, “deep-submicron timing closure” may sound like the title of a
tool flows will Onty succeed in science-fiction novel about repairing molecular holes in the space-time
continuum. Yet, for many designers of today’s complex chips, this deep-
melding logic and physical submicron (DSM) problem seems Just as overwhelming and far from

reality as the otherwordly scenario previously mentioned. Just three
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design if they resolve the critical- short years ago, timing closure was a little known phrase in the EDA
industry. Today, it's the centerpiece of an industry-wide retooling efforl.
The timing-closure prohlem can be defined as the unbounded design
path timing problems currently iterations that result from unpredicted timing violations, While it would
be easy to simply state that poor correlalion between predicted and
p[aguing DSM design. actual timing lies at the root of the problem, in truth the problem results
from myriad DSM effects. These effects are difficult to predict because

they are highly dependent upon the detailed physical implementation.
Hope, however, is on the way. New methodologies, EDA technologies, and design flows that can enable
timing closure for high-performance ASIC designs are emerging. In addition, various possible future directions

may characterize the second wave of this industry phenomenan.

Out with the Old

For well over a decade, the traditional ASIC flow clearly separated the logical front-end flow from the
physical back-end flow—often referred to sarcastically as the “over-the-wall" approach. With no physical view
of the design, full-chip gate-simulation was based on timing calculations from relatively basic estimates of
interconnect. This technique worked exceedingly well for ASIC processes ranging from 2 pm down to 0.35 pm.
However, at 0.25 pm and below, many designs required from 2 to 2o iterations in the front-end flow and at least
2 to 3 iterations through the back-end flow. As wafer mask casts continued to rise and time-lo-market
pressures accelerated, the back-end iterations demanded even greater attention.

Today’s mainstream ASIC design flow includes gate-level floorplanning to help constrain interconnect
variability prior to full-scale detailed routing. However, many ASIC designers still don't use any form of floor-
planning. In either case, the vast majority of designers continue to run stand-alone register transfer level (RTL)
synthesis (over and over and over again!). Even with custom wire-load models (WLMs), the typical design-iteration
loop conslists of synthesis, interactive floorplan adjustments, parasitic extraction, and static-timing analysis
(or gate-timing simulation). Therefore, timing closure grows increasingly difficult for numerous reasons,

Advanced manufacturing processes enable higher clock and edge rates, thus allowing less time for signals
to travel between cells; virtually no time is left for settling, which can be verified by actual waveform traces that
bear little resemblance to theoretical square waves. These processes also increase the density of interconnect,
which can consist of up to seven layers of closely-spaced metal. The result is greater timing-variation due to
capacitive and inductive coupling. Secondly, ASIC trends have continued the relentless push for larger die-area,
larger blocks of intellectual property (IP), and more I/O to accommaodate rapidly increasing design complexity.
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Vendors and their timing-closure territories
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This (simplified) overview demonstrates both the wide range of design flow steps that can impact timing closure and the corresponding
range of solutions.

These trends greatly compound the problem of keeping
all critical paths short during routing. In addition,
modern system-level integration (SLI) architectures fre-
quently include multiple on-chip busses and clock
domains, which complicate timing-driven placement-
and-routing optimization. Add to the mix the fact that
timing is no longer the sole concern in physical design;
power, reliability, and signal integrity issues are forcing
thorny tradeoff decisions in attempts to satisfy more
requirements. Finally, increasing the run-time in these
large designs adds further pressure to reduce iterations.

Clearly though, the root of the DSM timing-closure
problem is the highly sensitive relationship between
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critical-path timing and physical design. The statistical
WLM is infamous for its poor predictive capabilities. Not
surprisingly, many have found that even custom WLMs—
where Lhe delays are design specific —can’t resolve the
timing-closure problem. Yet, this creates a designer’s
paradox: How does one achieve timing closure in the
logic domain if it's dependent upon physical decisions
that are themselves dependent on the logic domain?

In with the New

The old approaches, then, simply don't fit today’s
tightly coupled design realities, in which physical-
design issues now dominate logical-design objectives,






