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Abstract

Rewiring has been used extensively for optimizing the
area, the power consumption, the delay, and the testabil-
ity of a circuit. In this work, we demonstrate how rewiring
can also be used for reducing the Soft Error Rate (SER).
We employ an ATPG-based rewiring method to generate
functionally-equivalent yet structurally-different implemen-
tations of a logic circuit based on simple transformation
rules. This rewiring capability, along with an off-the-shelf
methodfor assessing the SER ofa circuit, enable the integra-
tion of the SER in a unified search algorithm that iteratively
evolves the design in order to satisfy a given set of objec-
tives. Experimental results on ISCAS'89 and ITC'99 bench-
mark circuits verify that rewiring can indeed be successfully
used to reduce the SER of a circuit and, thus, it facilitates
a design-space exploration framework for trading off area,
power consumption, delay, testability, and SER.

1 Introduction

Soft errors are emerging as a serious reliability threat to
the operation of logic circuits. When high-energy neutrons
or alpha particles strike a sensitive region in a semiconductor
device, they generate a Single Event Transient (SET) which
may alter the state of the system, resulting in a soft error.
Whereas soft errors have traditionally been of much greater
concern in memories, smaller feature sizes, lower voltage
levels, higher operating frequencies, and reduced logic depth
are projected to cause a dramatic increase in soft error fail-
ure rate in core combinational logic in sub-lOOnm technolo-
gies [1]. Thus, designers are faced with the challenging task
of implementing appropriate reliability mechanisms to shield
electronic circuits against soft errors.

To this end, various methods have been proposed in the lit-
erature [2, 3, 4, 5, 6, 7, 8, 9, 10, 11] to reduce the Soft Error
Rate (SER) of a circuit and, thus, improve its reliability. The
idea behind most of these methods revolves around develop-
ing solutions at the physical level, wherein individual tran-
sistor characteristics are perturbed to reduce the sensitivity
of logic gates to SETs. While these methods are particularly
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effective in reducing the SER of a design, they are technol-
ogy dependent, i.e. they rely on information available only
after mapping of a circuit to a target technology. In contrast,
in this work we are interested in investigating technology-
independent methods, i.e. logic-level methods that select,
among the many possible gate-level implementations of a
circuit, the one that minimizes its SER. While such logic-
level methods cannot benefit from the detailed information
available at the physical level, and, thus, may not be able to
provide comparable levels of SER reduction, they offer two
unique advantages. First, they enable design modifications
for SER reduction that are equally effective independent of
the technology to which the circuit will be mapped. Second,
they provide the ability to consider SER as a design objective
much earlier in the design cycle. Moreover, the mechanisms
through which soft errors can be averted at the logic level
are typically orthogonal to those at the physical level; hence,
logic-level SER reduction methods do not intend to substi-
tute their physical-level counterparts but, rather, to provide
a better starting point. Yet the literature lacks solutions for
reducing the SER of a circuit at the logic level.

In this paper, we propose a systematic logic-level SER
reduction method through the use of rewiring. Rewiring
methods have been extensively used for transforming a logic
circuit to meet design constraints such as minimizing area
[12, 13, 14], reducing power consumption [15], satisfying
timing requirements [16, 17], and improving testability [18].
Herein, we also demonstrate how rewiring can be used to
minimize the soft error rate of a design. Thus, we advo-
cate that rewiring can be used as the cornerstone of a com-
mon framework for exploring the trade-off space between
area, power consumption, delay, testability, and SER. We
start, in Section 2, by describing an ATPG-based rewiring
method which we use to generate functionally-equivalent
yet structurally-different gate-level circuit implementations
through a set of simple transformation rules. We then illus-
trate using simple examples, in Section 3, how these trans-
formation rules may reduce the soft error rate of a circuit.
Then, in Section 4, we propose an algorithm which evolves
a design through iterative selection of rewiring operations,
in order to optimize a cost function reflecting both the soft
error rate and the rest of the design parameters of a circuit.
Finally, in Section 5, we evaluate the proposed method using
ISCAS'89 and ITC'99 benchmarks.
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