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Synthesis of Dual Mode Logic

Lior Moyal, Itamar Levi, Student Member, IEEE, Adam Teman, Member, IEEE, and
Alexander Fish, Member, IEEE

Abstract—In recent years, the major focus of VLSI design
has shifted from high-speed to low-power consumption. While
standard CMOS-based digital design provides substantial flex-
ibility during pre-silicon design phases, the characteristics of
the gates are set by fabrication variations and environmental
conditions and cannot easily be changed at runtime. The re-
cently proposed Dual Mode Logic (DML) family provides a
novel approach to providing this capability by introducing two
configurable operating modes, static and dynamic, that enable
fine-grained control of the power-performance tradeoff of a logic
path. However, the introduction of a new topology requires
the development of both a design methodology and techniques
for integration in a robust design automation flow. Standard
synthesis tools do not support dynamic gates, and in particular,
dual-characteristic gates. Therefore, until now, DML has been
limited to small, custom-made blocks and components. In this
paper, we present a novel approach for the integration of DML
into standard electronic design automation tools, as part of the
standard digital design flow. The development of this approach
and the accompanying design methodology enables DML to
be used in larger designs, such as state-of-the-art, high-speed
and/or low-power SoCs. We demonstrate the employment of the
proposed approach in order to benefit from DML properties, and
reduce the power consumption, while simultaneously improving
the operating frequency of a number of test designs.

I. INTRODUCTION

For many generations during the evolution of integrated
circuits (ICs), the quest for high-frequency operation was at
the forefront of system design. Many different approaches and
techniques to accelerate the critical path were introduced and
experimented with, including several digital logic families.
One of the fastest and most popular topologies was the
dynamic Domino Logic family that was carefully integrated
into datapaths and other critical elements of state-of-the-art,
high-performance systems. However, with the continuation
of technology scaling below the micron and into the deep-
nanoscale era, speed gave way to other factors, such as power
and reliability, as the primary focuses of VLSI design. In the
past decade, static CMOS digital logic has almost entirely
displaced alternative logic families as the sole topology used
in digital designs, trading-off speed for simple integration,
robustness, and low power consumption.
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This trend of exclusively static CMOS digital design has
spanned several nano-scaled technology processes. However,
the increasing ambition for power savings has led to continu-
ous efforts to scale the supply voltage — often considered the
most efficient way to reduce both static and dynamic power
consumption. But as the supply voltage drops, performance is
exponentially degraded, and maybe even more problematic.

In order to provide a solution to these modern challenges,
Dual Mode Logic (DML) was recently proposed as an alterna-
tive to traditional CMOS [1], [2]. This logic family provides
the ability to change the performance/power characteristics of
each individual gate by controlling its mode of operation. In
dynamic mode, a DML gate provides a speed advantage over
CMOS at the expense of increased dynamic power, and in
static mode, speed is relinquished for low power consumption.
By switching between these two options at run-time, a system
can adapt to the process, to the data-dependency and to
the environment variations, as well as to the current power-
performance requirements of the application.

However, the introduction of a new logic family does not
come free of charge. Virtually all steps of the standard digital
design flow (SDDF) assume that all digital components are
static CMOS or compliant with the features of static CMOS,
and based on this assumption, highly automated electronic
design automation (EDA) tools are able to place millions of
gates on a single die and quickly analyze their performance.
Accordingly, any new logic family must propose solutions for
integration with existing tools and design flows to accommo-
date smooth implementation within existing processes.

Logic synthesis, which is the process of converting a high-
level hardware description language (HDL) into a gate-level
netlist (GTL), is one of the primary components of the SDDF.
Current synthesizers, which map behavioral register-transfer
level (RTL) code to specific standard cells, only support
CMOS compliant gates, featuring static output levels driven by
low-resistance devices, high-resistance capacitive inputs, and
asynchronous combinational logic. Dynamic logic solutions,
such as DML, are characterized by different features and
cannot be straightforwardly synthesized with current tools.

Several past attempts have proposed methods to integrate
dynamic logic families into the SDDF [3]-[7]. Yee, et al. [3]
proposed a method to synthesize dynamic logic, which along
with the studies in [4] and [5], describes a CMOS based
solution with complex timing races that need to be addressed.
Chappel, et al. [6] introduced a system-level solution for inte-
grating Domino Logic into the SDDF, followed by a particular
solution for synthesis, proposed by Parmar [7]. However, none
of these approaches consider logic, such as DML, that can
function with several performance characteristics at the same
operating corner, nor do they take into account any of the
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