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1 Introduction

Scaling integrated circuit (IC) dimensions has a great im-
pact on VLSI systems. Although switching speed can be
improved significantly, interconnection delays are, and will
be more in future, the major reason for performance degra-
dation. Nowadays, especially in deep submicron design, in-
terconnections are responsible for most of the signal delay,
even up to 90 percent [1).

In last decades speed-ups in performance of processors
were due to changes or improvements in computer architec-
ture and advances in device technologies. However, in recent
years new processors gain much of their speed mainly owing
to increases in clock frequency. Instruction level parallelism
is limited due to memory latency, dependencies, and difE-

- culties in branch prediction. Therefore, it is expected that
in future new processors will exploit performance more and
more from clock frequency (or in other words frequency of
operation) rather than microarchitecture features.

Due to its average-case behavior and nonexistence of
clock skew, asynchronous systems are suggested as an al-
ternative for current synchronous systems. Semiconductor
Industry Association suggests that in 2003 at 0.13um tech-
rology asynchronous architecture will be prominent {2].

2 Layout process

The general steps in the design of a VLSI is shown on the
left-hand side in Figure 1. Layout corresponds to the last
three steps, i.e. floor planning, placing, and routing. This
figure shows only the general steps, actually verification is
needed almost after all the steps. Also there may be in-
teractions and feedback between steps. In addition, earlier
and more accurate esiimation of wires delays are needed,
this is specially important for global interconnections.

Floorplanning has two main steps, i.e. partitioning the
design and placing the blocks or clusters. Partitioning can
be done in two ways, either by clustering, a bottom-up ap-
proach, or using a top—dbwn partition method, such as min-

cut partitioning. Since the current applications are too big

in size, a hybrid approach of bottom-up and top-down meth-
ods is more promising. First bottom-up clustering may be
applied to reduce the number of elements to be dealed by
partition algorithms.

Although after the design there exist a logical hierarchy
and grouping, this logical hierarchy is to be converted and
transfered to physical hierarchy. And since there are much
less levels in physical hierarchy compared to logical one, this
process is usually known as flattening the design.
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Figure 1: TITAC-2 [4] design flow.

In the layout society, there is a special trend for intercon-
nection layout, i.e. “design for intercoiinectivity,” which is
based on the prediction of likely interconnection routes and
incremental approach for design and layout [3]. However,
applying this methodology is not straightforward, especially
in scaled technologies; because the distributed nature of the
interconnections and cross-talk become important in mod-
eling interconnections. Therefore, more accurate RC tree,
RLC tree, and Elmore delay models are used.

Furthermore, driver sizing, transistor sizing, topology op-
timizations, wiresizing optimizations and simultaneous ap-
plications of these methods have been used in recent works
for interconnection layout. These methods can be ver:} ef-

fective specially for routing.

3 Layout for asynchronous design
Although asynchronous architecture and logic design
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should be researched in detail, it is also important to en-
hance the layout according to the needs of asynchronous
design methodologies, especially in scaled technologies.

Nonexistence of clock lines, excess amount of C elements,
request and acknowledgment signals, and average case be-
havior are the main differences of asynchronous circuits
from synchronous counterparts.

When the new models or new methodologies are included
in the layout tools they can also be used in asynchronous
design methodology. For example, currently Steiner trees
are being used by Cadence's Cell3 ensemble tool to model
interconnections. If that model is improved it can be di-
rectly used by asynchronous design too.

TITAC-2 is a 32-bit asynchronous microprocessor in 0.54
Figure 1 shows the tools used for the design of
TITAC-2 {4). Logic synthesis done in Verilog format is
first transferred to Design Exchange Format. Also stan-
dard cell libraries and macro cells are transferred into the

rule.

Library Exchange Format. After the floorplanning is done
by acefloorplan, Cell3 ensemble engine is used for placing
and routing.

In the design of TITAC-2 hierarchical place and flat route
methodology is used for layout.

4 Suggested methodology and challenges

Since developing a layout tool from the scratch is not
feasible at the beginning, a nice approach is first adjust-
ing the floor planning according to the asynchronous design
methodologies. After proper updates to floor planning are
fully understood, necessary alteration in the lower levels of
design flow in Figure 1 can be performed in the next steps
of research. These updates may later be automated to be
able to deal large scale circuits.

In asynchronous design, signals,especially request and ac-
knowledgment signals, are collected by C elements. An in-
teresting idea could be developing algorithms which are to
do floor planning or partitioning by Epecially considering C.

elements, and later placing and routing C elements and re- .

quest and acknowledgment lines specifically. Furthermore,
while partitioning the circuit, average case behavior of the
asynchronous circuits can be taken into account. Different
weights can be givén to different parts accordingly.

There are two alternative ways to do these updates; one is
to develop a stand-alone floor planning algorithm, the sec-
ond one is using an existing floor planner and making the
necessary updates on that tool. In our case; the Cadence's

Preview floorplanner and automatic analysis environment
engine is being used for the latter approach. Necessary and
appropriate updates peculiar to asynchronous design is be-
ing researched. Also partitioning and timing constraints can
be imposed accordingly.

A big challenge for asynchronous layout is the handling
of global interconnections. Actually the same challenge also
exist for the synchronous counterpart. However, that is
more severe for the asynchronous one. In global level re-
quest and acknowledgment scheme is usually used for the
communication of high-level modules. But this means that
a two-way communication i8 occurring, which is very costly
in global level. This issue further increases the importance
of floor planning and layout for the asynchronous design.
Floor planning maybe performed around the request and
acknowledgment lines, and they are to be shortened as much
as possible. In this context, new floorplanning algorithms or
using existing suitable ones, like spiral floorplans {5}, may
be necessary. Even this problem may lead a very novice
and yet undiscovered delay model in global level. Note
that in the low-level this overhead may not be that much
significant, where modular design, reusability, correctness,
and average behavior may compensate that overhead. In
addition, global interconnections become more interesting
and challenging in case of pipelining, especially when deep
pipelining is concerned.

After developing the asynchronous floorplanner, next
steps could be developing new asynchronous place and route
algorithms, or say update algorithms, according to the
above methodology.
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