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1.1. BACKGROUND

Interest in and evolution of low-voltage supply and low-power circuits have grown
rapidly from applications on watches and medical electronics (pacemakers, hearing
aids, blood flow meters) to a host of other applications. This increased interest is
mainly due to commercial implications of portable equipment, power reduction on
non-battery-powered systems, and consumer electronics. Some of these examples are
the laptop/notebook computers as well as workstations, PCs, electronic organizers,
language translators, electronic dictionaries, implantable devices, portable radios
and TV sets. One specially attractive device with growing importance in multimedia
and wireless applications is the personal digital assitant, which together with cellular
phones, pagers, and palmtops, among others, has revived interest on low-voltage
supply and/or low-power consumption system design.

Low-voltage and low-power electronic systems have been pursued continuously
since the transistor invention in the 1940s and the integrated circuit (IC) invention in
the late 1950s. Until the late 1960s analog techniques were the dominant approaches.
With the phenomenal development of microprocessors in the 1980s and the efficient
digital computer-aided design (CAD) tools developed in the last years, the digital
approach has become the favorite design methodology.

Simultaneously, a number of significant acquirements during the late 1980s
using massively interconnected analog signal processors were accomplished. These
systems, inspired by biological systems, have converted theory to practical imple-
mentations. Among the applications are the artificial cochlea, the artificial retina,
and other useful image processors based on neural network concepts. This recent
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trend plus the fact that low-voltage supply, high-speed digital circuit design problems
are becoming an analog problem has motivated researchers both in academia and
industry to work in mixed-signal circuits and systems. This edited book deals with
both low-voltage/low-power digital and analog circuits and systems. The need to
design and fabricate mixed-mode processors in a unified approach is becoming more
evident. System designers need to consider the hardware issues at the highest hier-
archical design level. The design of low-voltage supply and/or low-power consump-
tion systems requires proper system architecture, suitable circuit models,
optimization, and often innovative circuit design.

It is interesting to note that early circuit design was based on bipolar technol-
ogy; then digital techniques drifted into N-type metal-oxide-semiconductor (NMOS)
technology. The dominant digital circuits forced analog circuits to have a common
complementary MOS (CMOS) technology; however in recent years a combination of
CMOS and bipolar (BiCMOS) has attracted the attention of many designers. This
BICMOS was developed for higher speed performance. Other expensive process
technologies have been proposed also for high-frequency circuits. Currently
CMOS is still the dominant process tecnology with some serious competition from
the BiICMOS technology and bipolar technology. This last process technology is
reviving due to a number of RF communication applications.

In the last four years there have been several books as well as special journal
issues and special sessions and workshops in several international symposia on this
growing and exciting field. The interest shared by industry, academia, and govern-
mental institutions on this topic is reflected by the eager attendance at the increasing
number of short courses, workshops, and conferences held recently.

1.2. OVERVIEW OF BOOK

The chapter components encompassed in this book are illustrated in Figure 1.1. The
major areas presented in this book deal with six topics:

i. MOS device modeling, constraints, devices, and circuit design methodology
ii. Design and characterization of building blocks, analog and digital, using bipo-
lar, CMOS, and BiCMOS techology
iii. Analog filters using continuous-time as well as switched-capacitor techniques
iv. High-efficiency low-voltage DC-DC conversion for portable applications
v. Low-power CMOS data conversion and new directions in low-power digital
CMOS very large scale integrated (VLSI) design
vi. Applications:
a. A low-power multiplierless YUV-to-RGB converter based on human vision
perception
b. Micropower systems for implantable defibrillators and pacemakers
c. Bit-energy comparison of signal representations at the circuit level
d. Low-power design in Telecom circuits
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Figure 1.1 Areas of low-voltage, low-
power integrated circuits and systems.
Corresponding chapters are in paren-
theses.

A brief description of each chapter follows.

Chapter 2 provides a physically based continuous, all region charge-controlled
MOS transistor model for circuit simulation and design. A major emphasis on the
modeling is on low-power operation. Behavioral and simplified models are discussed.
Noise modeling is presented. Then Chapter 3 discusses the practical limitations of
integrated circuits operating under low-power considerations and/or low-voltage
power supply. Even though the emphasis of the discussion is on analog circuits,
the conclusions can be applied to mixed-signal processors. In Chapter 4, circuit
and design methodology are the main focus. The basic device is the MOS transistor.
The design constraints for high integration density and micropower operation are
met by using current-mode techniques based on the translinear properties and oper-
ating the transistors in the subthreshold (weak-inversion) region.

Chapter 5 focuses on the promising characteristics of the floating-gate MOS
transistors to tackle the low voltage circuit design problems. This approach uses
standard process technology and does not require a variable threshold voltage
(V) process. In fact, it is shown that the V7 of a floating-gate MOS can be reduced
without device scaling and can be programmed and tuned precisely. As a conse-
quence, it is possible to obtain practical low-voltage circuits.

Recent developments in the area of low-power CMOS digital circuits are pre-
sented in Chapter 6. This chapter includes two appendices. One of the appendices
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discusses voltage scaling trends and their impact on the delay of CMOS circuits. In
the second appendix, a review of three CMOS logic families—static CMOS, dynamic
CMOS, and complementary pass transistor logic—is presented. This chapter also
introduces concepts on energy-delay products as a figure of merit and strategies to
reduce power/energy in CMOS circuits and systems. Chapter 7 presents several
techniques used for the design of analog circuits that operate with low-voltage
power supplies. The discussion is focused on continuous-time circuits implemented
in single-well CMOS or BiCMOS technology. It addresses the question of why
digital circuits have less problems than analog circuits to operate with reduced
supply voltages and deals with the problems of analog circuits with reduced-voltage
supplies. Chapter 8 presents the design of a low-voltage two-state op-amp. The
common-source output state employs a feedback circuit which also contains an
MOS translinear circuit. The input range exceeds the supply rails, whereas the out-
put range reaches the rails within 130mV. Chapter 9 discusses low-voltage/low-
power rail-to-rail input and output stages of operational amplifiers. It is shown
that the multipath nested Miller compensation combines a very high bandwidth
with high gain while being insensitive to process parameters.

Chapters 10 and 11 deal with analog filters. Chapter 10 discusses the design
techniques of low-voltage analog filters in CMOS technologies. In particular, two
filter design styles, OTA-C (an operational transconductance amplifier) and switched
capacitors, are presented. Design techniques using low-Vp transistors, single device
switches, voltage multipliers, and a switched-op-amp technique are analyzed and
discussed. In Chapter 11 a filter design approach based on a pseudo-differential
current-mode integrator is presented. This approach avoids the use of a conventional
differential pair, eliminating the bias current of the differential pairs. Thus this
approach is very suitable for low-voltage-supply operation. The key basic building
blocks, filter architectures, and a practical test-chip example are introduced.

Chapter 12 is intended to describe the application-specific design techniques
necessary to meet the rigorous size and efficiency requirements of portable systems
based on a CMOS implementation of a low-output-voltage buck converter. In
portable systems, high-efficiency low-voltage DC-DC conversion is required to
efficiently generate each low-voltage supply from a single battery source.

Chapter 13 describes two methods of low-power CMOS VLSI design. The first
involves eliminating races in asynchronous sequential circuits while keeping the
circuit size reasonable. The second method of low-power design involves using com-
plex gates and is applicable to general combination functions and to sequential
circuits as well.

Chapter 14 deals with low power consumption in A/D and D/A converters. The
converters are characterized on the level of application, integrated circuit, implemen-
tation, and physics. The main focus is on CMOS circuits intended for embedded
operation.

Chapter 15 describes a converter for use in portable video applications. The
proposed low-complexity architecture requires only fixed shift-and-adds to perform
color conversion, eliminating the need for multiplication while maintaining image
quality. It is shown that applying low-power circuit design techniques and percep-






