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Abstract

Asynchronous circuits are promising to tackle problems such as electro-magnetic interference,
power consumption, performance, and modularity of digital circuits. The goal of this tutorial is
to introduce state-of-the-art tools and methodologies for their design. It will cover aspects such
as specification, architectural design and controller synthesis tools, of asynchronous circuits. The
tutorial will concentrate on a particular design methodology for control circuits based on
specifications with Signal Transition Graphs. It will also cover strategies for the design of
complex circuits with different clock domains (GALS: globally asynchronous locally
synchronous) and de-synchronization of synchronous circuits. Finally, some succesful stories
from industrial designs will be presented. The tutorial is organized in five parts.

1. Basic concepts of asynchronous circuits.

Synchronous vs. asynchronous: differences in design, synthesis, verification and testing.
Asynchronous communication with handshake protocols. Micropipelines and other design styles.
Some building blocks: asynchronous latches. Specification and implementation of control
circuits. Delay models and classes of asynchronous circuits. Template-based asynchronous
design.

2-D integrated pipelining.
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2. Logic synthesis from concurrent specifications.

Specification models: Signals Transition Graphs (STGs), Burst-mode FMSs, CSP. Design flow
for the synthesis from STGs. Derivation of the state graph and next-state functions. State
encoding. Implementability conditions for hazard-free circuits. Synthesis of speed-independent
circuits.

3. Synchronization of complex systems.

The problem of synchronization with multiple clock domains. Metastability and the mutual
exclusion element (MUTEX). Design of arbiters.Globally asynchronous locally synchronous
(GALS) systems: schemes with pausable clocks and STARI.

4. Design automation for asynchronous circuits.

e Integration of the asynchronous methodology with state-of-art commercial EDA tools.
End of deterministic design: process and environment variability. Probabilistic
parameter distributions (power, delay). Advantages and limitations of the statistical
approach.

e De-synchronization: a new paradigm for a direct synthesis of asynchronous circuits
using synchronous reasoning. Interfacing de-synchronized circuits with a synchronous
environment.

e (Quasi-delay insensitive automated design: synthesis of asynchronous circuits from
synchronous RTL using local timing assumptions. Examples of the NCL and phased
logic methodologies.

5. Industrial experiences.

This part will first provide an overview of the semi-automated asynchronous design flow used at
Fulcrum Microsystems that enable close to full-custom performance with far less effort than
typical full-custom flows. It will then overview several of the chip designs that Fulcrum has
developed, including a high-performance SoC crossbar that is the Nexus of their solution to
globally asynchronous locally synchronous designs and PivotPoint their first commercial product
that uses this Nexus surrounded by 6 SPI-4 v.2 input/output interfaces, forming a 6-port SPI-4
switch chip.
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