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ABSTRACT
As a class of asynchronous circuits, handshake circuits are de-
signed to tolerate variation of gate delays. However, certain tim-
ing constraints, such as the bundled data assumption, are exploited
in the single-rail implementation of these circuits in order to sim-
plify them. Therefore, any delay fault in the circuit may cause one
of two problems, namely performance degradation or logic errors.
To address the challenges incurred by the autonomous behavior of
handshake circuits during at-speed test, we propose test methods
for both types of delay faults based on a DFT strategy which greatly
simplifies the complexity of test generation. The efficiency of the
proposed methodology is demonstrated through experimental re-
sults on several handshake circuits.

Categories and Subject Descriptors
B.7.3 [Integrated Circuits]: Reliability and Testing
General Terms
Algorithms, Reliability, Verification
Keywords
Asynchronous Circuits, Handshake Circuits, Delay Faults, Test Gen-
eration

1. INTRODUCTION
The advantages of asynchronous circuits over their synchronous

counterparts are demonstrated not only by academic research but
also by commercial products, such as the newly-released asyn-
chronous ARM996HS'mprocessor [1]. Asynchronous circuits have
the potential for higher performance, lower power consumption and
design reusability. At the same time, they avoid a key emerging
challenge of traditional synchronous design, namely high-frequency
clock distribution. As chip complexity increases, clock skew ef-
fects are significantly amplified, making the problem intractable.
Consequently, interest in asynchronous circuits has resurfaced and
several commercial products have already been designed.

Despite the recent streak of progress, the development of CAD
solutions for the design and test of asynchronous circuits is far from
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being sufficient. Among these issues, we focus on the problem
of testing asynchronous circuits. Due to the autonomous behav-
ior of asynchronous circuits, manufacturing defects may demon-
strate themselves in a different way than in synchronous circuits
and, thus, require a different test methodology. Considerable re-
search [2, 4, 8, 10, 11, 13] has been done on test generation and
design for testability (DFT) methods for stuck-at faults in various
classes of asynchronous circuits. However, not much research [3,
5, 7, 12] has been conducted on testing delay faults.

Given the inherent robustness of many classes of asynchronous
circuits to timing variations, a delay fault may only degrade their
performance. However, most practical asynchronous circuits op-
erate correctly by assuming that the implementation obeys certain
timing constraints, hence they are no longer totally robust. There-
fore, in these circuits, a delay fault may also cause the circuit to
malfunction, i.e. generate logic errors. In addition, the autonomous
behavior of asynchronous circuits implies that the existing test gen-
eration and test application methods for delay faults in synchronous
circuits cannot be applied directly to asynchronous circuits. In-
stead, customized methods are necessary. In this paper, we study
the two aforementioned types of delay faults in asynchronous cir-
cuits, we propose test methodologies for each of them, and we il-
lustrate the effectiveness of our methods using one of the most es-
tablished design styles of asynchronous circuits, namely handshake
circuits.

The rest of this paper is organized as follows. First, in Section 2,
we briefly introduce the design and implementation of handshake
circuits, as well as the full-scan technique used for testing stuck-at
faults in these circuits. Then, in Section 3, we classify the two types
of delay faults in handshake circuits and outline the challenges in
testing faults in each of the two classes. In Section 4, we propose
test methods for both types of delay faults and in Section 5 we pro-
vide experimental results that demonstrate the efficiency of these
methods.

2. HANDSHAKE CIRCUITS
As one of the most established design styles of asynchronous cir-

cuits, handshake circuits have a fully automated design flow from
the high-level behavioral description to the physical layout, as well
as test solutions for stuck-at faults.

2.1 Design and Implementation ofHS Circuits
A handshake circuit is a network of handshake components, con-

nected by point-to-point handshake channels, where all communi-
cation takes place via handshaking. It is the intermediate represen-
tation in the fully automatic compilation of a Haste program to a
VLSI circuit. In the design flow of handshake circuits, first, a high-
level design entry is written in a CSP-like programming language
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