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e Until recently, power consumption was only an afterthought in the design
process of CMOS circuits. As the density and size of chips and systems
continues to increase, the difficulty of providing adequate cooling either
adds significant cost to the system or limits the amount of functionality
that can be provided on a single die. Techniques to reduce the power
consumption of a design are therefore receiving more attention.

 The popularity of portable applications that prefer low power
consumption to prolong the battery lifetime, has added intensity to this
qguest. Examples of the latter can be found in the worlds of audio, video,
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* In Chapter 3, we discussed the sources of power consumption in the
complementary CMOS inverter. These considerations generally remain
valid for more complex gates, although some extra considerations have to

be taken into account. (EEZEDIFE/ZE L EIL)

e Thisis the topic of this section. Most important, we will introduce the
concept of switching activity. This concept, which is essential to determine
the dynamic power consumption of a CMOS design, will be applied to
both static and dynamic gates. Other sources of power consumption, such
as glitching and direct-path current, are discussed as well. Finally, a
number of techniques to reduce power consumption are introduced.
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Power in CMOS circuits is mainly consumed during the switching of the
gates. The static power dissipation of most gate topologies (besides
pseudo-NMOS) is limited to leakage. In Chapter 3, we derived an
expression for the dynamic power consumption of an inverter:

* topology — Xt E& & behavior (E1{ED ERIH)
Behavior®l: Y = a xor b;(VHDL) Y =~ab + a~b
* topology (XIS IEHREABREZEKRT S
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* 4.4 Power Consumption in CMOS Gates

EX 206-2 : P234 Line 15~ 22 P235 Line 6 STE-102-410
e 4.4.1 Switching Activity of a Logic Gate
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EX 206-1: 4.4 Power Consumption in CMOS Gates Line 5~ 21 STE-102-409

* Until recently, power consumption was only an afterthought in the design process of
CMOS circuits. As the density and size of chips and systems continues to increase, the
difficulty of providing adequate cooling either adds significant cost to the system or
limits the amount of functionality that can be provided on a single die. Techniques to
reduce the power consumption of a design are therefore receiving more attention.
The popularity of portable applications that prefer low power consumption to prolong
the battery lifetime, has added intensity to this quest. Examples of the latter can be
found in the worlds of audio, video, and laptop computing.

* In Chapter 3, we discussed the sources of power consumption in the complementary
CMOS inverter. These considerations generally remain valid for more complex gates,
although some extra considerations have to be taken into account. This is the topic of
this section. Most important, we will introduce the concept of switching activity. This
concept, which is essential to determine the dynamic power consumption of a CMOS
design, will be applied to both static and dynamic gates. Other sources of power
consumption, such as glitching and direct-path current, are discussed as well. Finally, a
number of techniques to reduce power consumption are introduced.



EX_206_21
EX 206-2 :P234 Line 15~ 22 P235 Line 6 STE-102-410
* 4.4.1 Switching Activity of a Logic Gate

e Power in CMOS circuits is mainly consumed during the switching of the gates. The
static power dissipation of most gate topologies (besides pseudo-NMOQOS) is
limited to leakage. In Chapter 3, we derived an expression for the dynamic power
consumption of an inverter:

e Pdyn = CL (VDD)"2 f0->1

« with fO->1 the frequency of energy-consuming transitions (or 0->1 transitions for
static CMOS). It is easily realized that this expression also holds for more complex
gates as the nature of the energy consumption remains identical: charging and
discharging capacitors.

* Minimizing power consumption then boils down to reducing one or a number of
factors of Eq. (4.27). The VDD factor is, obviously, the most influential due to
guadratic dependence.
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EX 206-3 :P235 Line 7~19 STE-102-410

* Computing the dissipation of a complex gate is complicated by the factor, also called the
switching activity. While this factor is easily computed for an inverter, it turns out to be
far more complex in the case of higher-order gates and circuits. One concern is that the
switching activity of a network is a function of the nature and the statistics of the input
signals: If the input signals remain unchanged, no switching happens, and the dynamic
power consumption is zero! On the other hand, rapidly changing signals provoke plenty
of switching and hence dissipation. Other factors influencing the activity are the circuit
style (e.g., dynamic versus static), the function to be implemented, and the overall
network topology. These factors can be incorporated by introducing a slight modification

T 5 2
in Eq. (4.27): Pdyn = C Vppfosi = CLVppPosif

* with f the average event rate of the inputs and PO->1 the probability that an input
transition resultsin a 0 -> 1 (or power-consuming) event.
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