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PREFACE

This book is intended for use by practicing engineers and by students of
electronics. It can be used for self-study or in an organized classroom sit-
uation as a quarter or semester course or short course. A knowledge of
electric circuit analysis, the principles of electronic circuits, and mathematics
through an introduction to the calculus is assumed.

The approach used in this text is practice or design oriented. The material
is not a study of noise, but rather of methods to deal with the everpresent
noise in electronic systems.

Electrical noise is a problem in industrial, military, and consumer equip-
ment design. The designer must be cognizant not only of the sources of noise,
but also of the methods of noise reduction that are available to him. He will
strive toward an optimum design. In this quest he must use all available and
applicable tools. One such tool is the digital computer. In Chapter 8,
computer-aided design of low-noise systems is considered. Another power-
ful tool is the laboratory. Chapter 14 discusses noise measurement methods
and techniques.

The book is divided into two parts. Part 1, Chapters 1 through 6, is prim-
arily concerned with noise mechanisms, noise models, and the analysis of
noisy circuits and systems: Part II, starting with Chapter 7, focuses on the
design of low-noise circuits and systems. Many design examples are given.

The treatment may be considered to be oriented toward low- and mid-
frequency applications. The examples given are applicable to the instru-
mentation, audio, and control fields. Whereas there are few direct references
to high-frequency communications, much of the material presented can be
applied to that area of activity.

A summary of the most important points and topics is included at the end
of each chapter. It is hoped that these summaries will be useful to the reader
who does not have the time to start from the beginning. For the student who
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viii Preface

is encountering this material for the first time, the summaries serve to
accentuate the more important aspects of the presentation. A controlled
amount of repetition is includc{)in the text, and many cross-referénces are
made to other sections of the book for prerequisite or additional material.
Problems are included at the end of each chapter and answers to the problems
are given following Appendix IV.

This book is an outgrowth of our research, development, design, and
teaching experiences. Special recognition is given to Honeywell, Incorporated,
for cooperation and support.

C. D. MOTCHENBACHER
F. C. FITCHEN

Hopkins, Minnesota
Bridgeport, Connecticut
July 1972
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INTRODUCTION

Sensors, detectors, and transducers are basic to the instrumentation and
control fields. They are the “fingers”” and “eyes’” that reach out and measure.
They must translate the characteristics of the physical world into electrical
signals, We process and measure these signals and interpret them to be the
reactions taking place in a chemical plant, the environment of an orbiting
satellite, or the odor of an onion. An engineering problem often associated
with sensing systems is the level of electrical noise generated in the sensor
and in the electronic system.

In recent years, new high-resolution sensors and high-performance systems
have been developed. All sensors have a basic or limiting noise level. The
system designer must interface the sensor with electronic circuitry that
contributes a minimum of additional noise. To raise the signal level an
amplifier must be designed to complement the sensor. Achieving optimum
system performance is a primary consideration in this book.

The following chapters answer several important questions. When we are
given a sensor with specific impedance, signal and noise characteristics, how
can we design or select’' an amplifier for minimum noise contribution, and.
concurrently maximize the signal-to-noise ratio of the system? If we have a
sensor-amplifier system complete with known signal and noise, we must
determine the major noise source; is it sensor, amplifier, or pickup noise?
Are we maximizing the signal ? Is improvement possible ?

This book is a study of low-noise electronic design, not a treatise on noise
as a physical phenomenon. It is divided into two parts. The first six chapters
are concerned with Noise Mechanisms and Models; Part 11, Chapters 7
through 13, deals with Design Techniques and Examples. The final chapter is
a treatment of noise measurement methods.

In Part I we are concerned with the sources of noise; these sources include
sensors and other devices, amplifiers, and associated circuitry. Noise models
are developed for circuit components and for subsystems, and the relations
between noise sources, biasing circuits, and operating point selection are
examined. Analysis uses the noise models of system components to predict
the expected minimum noise performance.

To realize the noise performance predicted from a system analysis many
design decisions are required. Part II examines all the areas of possible noise
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2 Introduction

problems, including component noise, noise in power supplies, shielding,
biasing circuit noise, feedback, multistage configurations, as well as the
associated gain, stability, and frequency response behavior. Design examples
are given of noiseless biasing, low-noise power supplies, amplifier pairs, and
complete low-noise systems.

SYMBOLS

To designate electric circuit quantities the system of symbols used in this
book conforms to standard practice in the semiconductor field.*

1. Dc values of quantities are indicated by capital letters with capital
subscripts (g, Vcg). Direct supply voltages have repeated subscripts (Vga, Vo).

2. Rms values of quantities are indicated by capital letiers with lowercase
subscripts (I, Vo).

3. Maximum or peak values are designated as rms values but bear an
additional final subscript m (V ., Viem)-

4, The time-varying components of voltages and currents are designated by
lowercase letters with lowercase subscripts (ie, Vo).

S. Instantaneous total values are represented by lowercase letters with
capital subscripts (ig, Veg)-

An example may be helpful. A time-varying waveform.
iy = I, sin wt
when added to a dc wave of average value Iy, is represented by its total value
‘ iy = Iy + iy
Soa complete expression is
ig = Iy + Ly, sin wt

The rms value of the time-varying portion of this composite wave is /.

The symbols for rms, peak, : nd instantaneous quantities (2, 3, and 4) apply
only to the time-varying portion of a waveform. No symbols are proposed for
the rms and peak values of a wave containing both time-varying and dc
components.

PREFIXES -

The following prefixes are used to indicate decimal multiples or sub-
multiples of units:

* “IEEE Standard Letter Symbols for Semiconductor Devices,” IEEE Trans. Electron
Devices, ED-11, No. 8, August 1964.



