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January 3, 2008 -- Designing a system-on-chip (SOC) and delivering it on time and
functional is a challenge and requires a lot of engineering to squeeze the most out of
the technology. Today, 40% of design starts are SOCs. In a few years, it will be 70%,
according to IBS. Unfortunately, EDA tools are lagging behind advances in fab
technology. The sheer complexity of circuit data forces us to apply abstraction and
move to higher design levels whenever possible. It's also well known that a small
fraction of the design is consistently refusing all the abstraction efforts due to its
complexity and variety. We are talking about the analog and mixed-signal parts of an
integrated SOC: less than 5% of the SOC transistor count, only 20% of its area, 40%
of the overall effort and 50% responsibility for re-spins! In other words, analog circuit
design is like chess — just because you know how the pieces move doesn’t mean you
know how to play, or even win the game.

One of the major problems in analog and mixed-signal design is the need for high
accuracy. The distance between the signals and the noise floor is constantly getting
smaller. A small change in certain process parameters can turn a working device into
garbage. Before re-spinning and losing the market you must perform a sign-off
simulation. A vast amount of effort is currently underway in circuit extraction to
address all possible and impossible kinds of manufacturing issues.

Generally speaking, interconnect parasitic extraction, which aims at modeling the
non-ideal behavior of the copper connections between devices, has become extremely
sophisticated. Extraction tools generally use resistors, capacitors and inductors to
model Ohmic loss, capacitive charge, capacitive coupling between nets, and coupling
magnetically induced from one net into the other. Typical simulation times for analog
blocks are measured in minutes. Simulation times for the same blocks with added
parasitics are typically measured in hours. Take more than a block and you may wait a
week or simply forever.

This problem is not new; netlist crunching has been applied for a couple of years.
“Smart filtering” could be applied without real risk, simply because the impact of the
parasitics was not that important and could be designed around. This has changed
completely in the below 90-nm design space. Here, you absolutely need to take into
account cross-coupling and deal with inductance and mutual inductance. Filtering
methods are no longer sufficient, and simple algorithms such as TICER, which work
well on single uncoupled nets, are out-dated. The strange thing about this is that the
problem seems to have been solved in the academic environment through Model Order
Reduction (MOR). A large number of different approaches and sub-approaches have
been proposed in the literature, but the theories are quite complicated, and very few
have found their way into today’s EDA tools.

Two reasons for the slow adoption of MOR

First of all, the real engineering world has more constraints, some of which can be
ignored in academia. In engineering, we are not working with well-conditioned data,
which can be defined as stable and passive. We also need to take into account that
after the Model Order Reduction processing, “realizable” networks, with positive,
physical values are necessary. Information about circuits are also exchanged in netlist
file formats such as Spice, DSPF, SPEF and not in matrix form in the complex frequency
domain, as is usually the case in academia. Most of the academic solutions cannot
comply with those requirements.

Second, there is the issue of who is responsible for adopting MOR in an EDA company?
Those who write the extractors? Their interest is to add even more methods into the
extraction algorithms to better capture the influence of physics and anticipate the
manufacturing deviations. The generated amount of data is not a problem on the
extraction side — disc space is cheap. On the simulation side, the interest is to have
accurate data and to keep the runtime of the simulation realistic. Model Order
Reduction should, therefore, happen here. But reading in several hundred megabytes,
or even gigabytes, is a difficult task. From a simulation point of view, those generating
the data (extraction) should have already reduced it on the fly.

This picture is somewhat simplified, but true. It shows that no one takes explicit and
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