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Designing Self-Timed Systems
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s devices are scaled down and become faster while
Achips grow larger, a number of technological prob-

lems involving yield, power dissipation, wire delays
versus gate delays, and 50 on, are being solved. A related set
of VLSI design problems involves design complexity, test-
ing, and timing. Of concern here are self-timed systems, that
is, systems whose structure is an interconnection of self-timed
modules communicating through asynchronous protocols
without the use of a common clock. The self-timed design
approach is capable of tackling the problems of design com-
plexity, testing, and timing.

This article aims at reviewing the following: several ap-
proaches to self-timed VLSI design, examples of self-timed
blocks and systems aired so far, and proposals for furthur
steps in this area. Apart from this, one of the most important
objectives of the article is to draw the designer’s and manu-
facturer’s attention to a design strategy that is very promising,
although it has probably not yielded even a handful of
demonstrated chip design examples to date.

Conceptual Background

Design complexity can be tackled by means of hierarchical
and modular design techniques and by regularity of imple-
mentations. In order to cope with multidimensionality and
granularity, one should consider time metrics and geometry
(space metrics) at different levels.

In this environment, testability becomes one of the most
important features of design. With device scaling, the number
of primary I/0 pins per scaled unit area decreases. Since each
pin in effect takes more responsibility for **inland’’ affairs, it
becomes increasingly important to avoid having to generate
exhaustive tests. Ideally, self-testable, self-checking, and
self-repairing chips would be built according to organization-
al principles based on observability issues.

The problem of timing in this context refers to the changing
roles of wire delays and gate delays. When all the dimensions
on a chip are scaled down by a factor of e, the wire diffusion
delay scales up by o and the switching time of devices scales
down by « (see, for example, Mead and Conway, 1980; or
Seitz, 1979). The increased wire delay relative to device
delay slows down a synchronous system that distributes a
central clock throughout the system, because the clock rate
must be reduced to compensate for the signal skew. One of
the ways to solve (better to say “‘palliate’’) this problem is to
geographically divide the system into several subsystems,
each having its own clock and operating within the limits of a
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so-called equichronic region. However, we then face the no
less significant problem of eliminating the arbitration anoma-
lies and synchronization failures that arise wherever we
attempt to interconnect such an ensemble of independently
clocked zones.

A class of systems called self-timed systems has been
proposed (better to say “‘evolved’’) to deal with the timing
problem (Bryant, 1980; Seitz, 1979, 1980). However, if we
consider these recent self-timed design methodologies, it
becomes apparent that the other design problems (complexity
and testability) can also be solved within the self-timed
approach, in a much more structured and natural manner than
using the classically accepted synchronous design approach.

A self-timed system is an interconnection of self-timed
modules that communicate through asynchronous protocols.
It does not require a global clock. Instead, system-level
events and protocol states are ordered in time by the causal
relationships among the modules. (Inside each of the modules
may or may not be a local clock that is supposed to be started
asynchronously by system protocol signals.) —

Also, a self-timed system is able to provide a high degree
of modularity, which enables a straightforward top-down
VLSI design to be performed. The natural observability due
to spatial (code) redundancy, the presence of cumpletmn
signals, and the sequential mode of coordination between
modules tend to make self-timed systems self-checking and

- fault-tolerant. It is worth noting that having a self-timed

implementation may simplify the testing task, because a
malfunction in a self-timed system exhibits itself in compo-
nents getting hung up on missing acknowledge signals (Rem,
1981).

Definition of a Self-Timed System

Seitz (1980) gives a general definition of a self-timed
system as either a self-timed element or a legal interconnec-
tion of self-timed systems. Such a highly abstract view has the
advantage of being structured and recursive. The definition
can be used as a generation (synthesis) rule, or as a recogni-
tion (verification) rule. The designer specifies in his own
notation a self-timed element’s behavior and a general rule for
legal interconnections (or a set of all possible legal
interconnections).

The main distinctive feature of self-timing lies in the
absence of any explicit notion of time metrics at the level of
system specification. Bear in mind, however, that this defini-
tion does not put any restrictions on the internal structure of a
self-timed element, which can be defined at a lower level
using an element’s local clock. Such lower-level definitions
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