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Chapter 1

Introduction

With rapid progress in semiconductor technology, feature sizes have shrunk through
the use of deep-submicron processes, thereby enabling extremely complex function-
ality to be integrated on a single chip. Battery-powered electronic systems form the
backbone of the growing market of mobile hand-held devices used all over the world
today. In order to maximize battery life, the tremendous computational capacity of
portable devices such as notebook computers, personal communication devices (cell
phones, pocket PCs, PDAs), hearing aids and implantable pacemakers has to be real-
ized with very low power requirements. With miniaturization and the growing trend
towards wireless communication, power dissipation has become a very critical design

metric. The longer the battery lasts, the better.

Even with the scaling down of the supply voltage, power dissipation has not dimin-
ished. The magnitude of power per unit area has kept growing, and the accompanying
problem of heat removal and power dissipation has kept getting worse. Innovative
cooling and packaging strategies [61] are of little help for the rapidly increasing power
consumption of present day chips. Also, the cost associated with packaging and cool-
ing such devices is becoming prohibitive. In addition to cost, the issue of reliability

is a major concern. Every 10°C increase in operating temperature roughly doubles



a component’s failure rate [66]. Minimizing power consumption is currently an ex-
tremely challenging area of research, especially with on-chip devices doubling every

two years [6].

Design styles [62] play a key role in determining the power dissipation, performance
and supply/threshold scalability of a circuit. Dynamic circuits achieve high levels of
performance (speed) and utilize less area. However, they require two operation phases:
pre-charging and evaluation. They cannot be scaled easily due to their low noise im-
munity, and require keeper circuits to restore logic levels. On the other hand, fully
Complementary Metal Oxide Semiconductor (CMOS) styles are usually robust, dissi-
pate low power, have fully restored logic levels, and are easily scalable. In general,
they require more area (2X transistors when compared to X+2 in the case of dynamic

circuits).
1.1 Sources of Power Dissipation
The power consumed by CMOS circuits can be classi ed into two categories :

Dynamic Power Dissipation: For a fraction of an instant during the operation
of a circuit, both the PMOS and NMOS devices are on simultaneously. The du-
ration of the interval depends on the input and output transition (rise and fall)
times. During this time, a path exists between Vy4q and Gnd and a short-circuit
current ows. However, this is not the dominant factor in dynamic power dissi-
pation. The major component of dynamic power dissipation arises from transient
switching behavior of the nodes. Signals in CMOS devices transition back and
forth between the two logic levels, resulting in the charging and discharging of
parasitic capacitances in the circuit. Dynamic power dissipation is proportional
to the square of the supply voltage. Every time a capacitive node (C,) switches

from Vgq to Gnd (and back), energy of C, Vgq? is consumed. In deep-submicron

2



