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ABSTRACT
Power dissipation is becoming the most challenging design
constraint in nanometer technologies. Among various de-
sign implementation schemes, standard cell ASICs offer the
best power efficiency for high-performance applications. The
flexibility of ASICs allow for the use of multiple voltages
and multiple thresholds to match the performance of crit-
ical regions to their timing constraints, and minimize the
power everywhere else. We explore the trade-off between
multiple supply voltages and multiple threshold voltages in
the optimization of dynamic and static power. The use of
multiple supply voltages presents some unique physical and
electrical challenges. Level shifters need to be introduced
between the various voltage regions. Several level shifter
implementations will be shown. The physical layout needs
to be designed to ensure the efficient delivery of the correct
voltage to various voltage regions. More flexibility can be
gained by using appropriate level shifters. We will discuss
optimization techniques such as clock skew scheduling which
can be effectively used to push performance in a power neu-
tral way.
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1. INTRODUCTION
Power efficiency is becoming an increasingly important

design metric in deep sub-micron designs. One of the ma-
jor advantages of ASICs compared to other implementation
methods is the power advantage. A dedicated ASIC will
have a significantly better power-performance product than
a general purpose processor or regular fabrics such as FP-
GAs. For designs that push the envelope of power and per-
formance, ASIC technology remains to be the only choice.
However, the cost pressures in nanometer technologies are
forcing designers to push the limits of design technology in
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order to fully exploit increasingly complex and expensive
technology capabilities. In this paper, we discuss technol-
ogy, circuit, layout and optimization techniques to improve
the power delay product. We focus on the issue of pushing
ASIC performance in a power envelope by exploiting the
use of multiple supply voltages (Vdd) and multiple device
thresholds (Vth). In section 2, we discuss the trade-off be-
tween multiple Vdd and multiple Vth options to optimize
power. In section 3, we present novel design techniques to
physically implement fine-grained generic voltage islands for
multiple-Vdd implementations. In the context of multi-Vdd
implementation, we also present some novel level conversion
circuits which can be used to implement very flexible volt-
age island schemes. In section 4, we discuss optimization
techniques such as clock skew scheduling which can be ef-
fectively used to push performance in a power neutral way.
Finally, we present a design case study to show the rela-
tive impact of some design techniques in a low-power ASIC
methodology.

2. POWER - PERFORMANCE TRADE - OFF
IN MULTI-VDD / VTH TECHNOLOGIES

This section explores the trade-off between multiple sup-
ply voltages and multiple threshold voltages in the optimiza-
tion of dynamic and static power. From a dynamic power
perspective, supply voltage reduction is the most effective
technique to limit power. However, the delay increase with
reducing Vdd degrades the throughput of the circuit. Sim-
ilarly, to reduce static power an increase in Vth provides
exponential improvements, again at the expense of speed.
To counter the loss in performance, dual Vdd [1, 2] and
dual Vth [3, 4, 5] techniques have been proposed. These
approaches assign gates on critical paths to operate at the
higher Vdd or lower Vth and non-critical portions of the
circuit operate at lower Vdd or higher Vth, reducing the to-
tal power consumption without degrading performance (held
fixed as a constraint). These techniques have been success-
fully implemented but most of the existing work focuses on
one of these techniques in isolation as opposed to jointly.

Previous work [6] estimates the optimal Vdd and Vth val-
ues to be used in multi-voltage systems to minimize either
dynamic or static power respectively. They confirm ear-
lier work [7] claiming that, in a dual Vdd system the opti-
mal lower Vdd is 60-70% of the original Vdd. In general,
[7, 8] have found optimized multi-Vdd systems to provide
dynamic power reductions of roughly 40-45%. In [9], it is
shown that intelligently reducing Vth in multi-Vdd systems
can offset the traditional delay penalties at low-Vdd with
lessened static power consequences (due to both the reduced
Vdd and Ioff levels). In order to explore the achievable
design envelope in a joint multiple Vdd and Vth environ-
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