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Preface

Features of this book

* The circuit configuration of the delta-sigma AD converter is presented at the transistor
level.

* Each element circuit and functional block is shown together with its schematic and a
stand-alone simulation waveform, making the operation easy to follow.

* The method for simulating the whole system is shown concretely on the Lispice
screen.

* The overall output waveforms and signal values are given concretely, so you can see
which metric appears in which result.

* For metrics that require calculation, worked examples derived from the measured
values are provided.

Specialist textbooks that present the system level and the rough circuit configuration
are commercially available, and you can learn the principles and the way of thinking
from them. Realizing the converter at the transistor level, however, is not easy. The
purpose of this book is to deepen your understanding of the specifications and
verification items while looking at the results of circuit-simulating a transistor-level
design in the free software LTspice. It is also intended to give the reader a starting point
for actually designing and simulating a delta-sigma AD converter, using the circuit
configuration shown here as a reference.



Chapter 1 — Element Circuits of the Delta-
Sigma ADC

1. Single-Ended Delta-Sigma ADC

The figure shows the schematic of a first-order delta-sigma ADC, the simplest possible
configuration. It is a single-ended configuration with one signal output terminal. The
"order" refers to the fact that delta-sigma ADCs can be cascaded in series to raise
performance: two stages give a second-order converter. When multiple stages are used,
however, stability becomes an issue. The same idea applies to operational amplifiers,
which come in single-stage and two-stage forms. Op-amps also come in single-ended-
output and differential-output configurations, and likewise a delta-sigma ADC becomes
more accurate when made differential. In this book we also carry out a design that
develops the single-ended configuration into a differential-output configuration.

The operation of the whole system is not explained here. Specialist texts written by
academics give thorough explanations, so please refer to those. This book shows the
part that cannot be seen in other specialist texts: building up each circuit block out of
transistors.

Note also that this book shows one example of building up and simulating a delta-sigma
ADC simply; it is not meant to be optimal. Consider it a basic foundation for raising
performance and developing the design according to your goals. The signals used in the
simulations are for learning purposes and do not assume any specific application.
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