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Foreword

In the next few remarks, we shall explain our reasons for writing this book. Since
its inception in the early 1960s, delta-sigma modulation has evolved through a
number of generations and now stands as one of the more popular methods for
constructing high-performance analog-to-digital and digital-to-analog converters.
The concept of noise-shaping, which is central to delta-sigma modulation, contin-
ues to be refined and to be applied to new areas. The technical literature contains a
wealth of information regarding various aspects of delta-sigma modulation, but the
sheer volume of this material acts as a barrier to the designer who is embarking on
his first trip into the land of delta-sigma.

Earlier works to which we contributed served the need for a guide by cataloging
publications and republishing a subset of them [1], or by enlisting the help of a col-
lection of authors [2]. This book, in contrast, provides a coherent and consistent
entry-level reference into the world of delta-sigma. The introductory chapter is, in
essence, a generalist’s guide. That chapter is devoted to introducing main roads
and to identifying major landmarks, and so should chart some territory which is
unfamiliar to the reader. Do not despair if you feel a little lost, since if you under-
stand that chapter completely you do not deserve to be called a beginner! The
remainder of the text plots a more deliberate course through the countryside, one




Foreword

which allows time for exploring some of the side roads and for pondering a num-
ber of the more remarkable edifices which dot the landscape.

Unfortunately, the text is by no means all-inclusive. In order to have a non-zero
probability of completing this work in a reasonable amount of time, we have had to
make difficult decisions regarding what material would be appropriate for an intro-
ductory text and what material could be omitted. We hope that the reader will find
the route we have chosen makes a pleasant and satisfying journey, and we trust that
the many researchers and designers who cut roads through the wilderness will find
their hard work adequately acknowledged. As always, the blame for any omissions
or misdirections lies with us. Let us know if you encounter any.

Bon voyage!
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chartert Introduction

In this introductory chapter, the need for oversampling data converters will be dis-
cussed, and their performance contrasted with that of Nyquist-rate converters.
Delta modulation and delta-sigma modulation will be described and compared.
The basic architectures for delta-sigma (AX) modulators will be presented, and

newer trends identified.

1.1 The Need for Oversampling Cenverters

Computational and signal processing tasks are now performed predominantly by
digital means, since digital circuits are robust and can be realized by extremely
small and simple structures which can in turn be combined to obtain very complex,
accurate and fast systems. Every year, the speed and density of digital integrated
circuits (ICs) is increased, enhancing the dominance of digital methods in almost
all areas of communications and consumer products. Since the physical world nev-
ertheless remains stubbornly analog, data converters are needed to interface with
the digital signal processing (DSP) core. As the speed and capability of DSP cores
increases, so too must the speed and accuracy of the converters associated with

them.




1 Introduction

Fig. 1.1 illustrates the block diagram of a signal processing system with analog
input and output signals, plus a central digital engine. As shown, the analog input
signal (usually after some amplification and filtering) enters an analog-to-digital
converter (ADC) which transforms it into a digital data stream. This stream is pro-
cessed by the DSP core, and the resulting digital output signal is reconverted into
analog form by a digital-to-analog converter (DAC). The DAC output is usually
also filtered and amplified to obtain the final analog output signal.

Data converters (both ADCs and DACs) can be classified into two main categories:
Nyquist-rate and oversampled converters. In the former category, there exists a
one-to-one correspondence between the input and output samples. Each input sam-
ple is separately processed, regardless of the earlier input samples; the converter
has no memory. Thus, applying a digital input word containing bits by, b,, ... by to
a Nyquist-rate DAC ideally results in an analdg output

Vour = Vo027 45,272+ .+ by27N), (1.1)

ou

(Where V. is the reference voltage) regardless of any previous input word. The
accuracy of conversion can be evaluated by comparing the actual value of V,,, with
the ideal value given by (1.1).

As the name implies, the sampling rate f; of Nyquist-rate converters can be as low
as Nyquist’s criterion requires, i.e., twice the bandwidth fg of the input signal. (For
practical reasons, the actual rate is usually somewhat higher than this minimum
value.)

In most cases, the linearity and accuracy of Nyquist-rate converters is determined
by the matching accuracy of the analog components (resistors, current sources or

Analog

Analog | -

Figure 1.1: A modern signal processing system contains a DSP core
bracketed by data converters.




