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Preface

This ninth edition of Electronic Devices and Circuit Theory represents a number of important changes
to the text. In addition to organizational changes that ensure a flow of material to support current trends
in the teaching and learning processes, substantial updates in content are made to provide the latest
information in technologies and material science. Specific areas of investigation are rewritten to ensure
that the salient points are emphasized rather than lost in superfluous material. Practical examples are
carefully rewritten to reflect current trends in the marketplace and provide a realistic, contemporary
glimpse into how the components can be used.

The most noticeable change is the combination of Chapters 7, 8, 10, and parts of 12 of the eighth
edition into one new chapter (Chapter 5), on the subject of small signal BJT analysis. At first glance, this
consolidation might suggest that the chapter is now enormous and unwieldy. However, the rewriting of
specific sections, deletions of some unnecessary derivations, and removal of sections no longer relevant
have resulted in a presentation that is more palatable for students as well as instructors. The entire
analysis of small-signal BJT analysis for single and multistage transistor networks is now covered in
one chapter.

In addition to this reorganization, another change of significance entails the rearrangement of chapter
sequence such that coverage of dc analysis of BJT networks and FET networks is now included in the
chapter preceding the ac analysis of each. This is important because the dc analysis of each has a direct
effect on the ac results. Removing the delay in coverage between the dc and ac analysis improves the
transition from one subject matter to the other. (In prior editions, the dc analysis of both the BJT and
FET devices was covered in total before moving on to the ac material for each.)

As also indicated, the major changes are in the sequence of coverage and the combining of various
chapters. However, it is important to realize that the topics of GaAs, op-amps, and zener devices all
receive a broader range of coverage in keeping with developments in the field. In the high-frequency
analysis sections, the use of the hybrid 7= model is expanded at the request of current users and reviewers.
In the ac analysis sections, the controlled sources all have the diamond shape as dictated by current
standards and their increasing use in the classroom and software packages.

Overall, the changes in some chapters are significant, whereas in others they are very limited. In
particular, Chapter 1 is almost totally rewritten to improve the presentation of the introductory material
and to add significant information on gallium arsenide materials. Other chapters, such as the introduction
to BJTs and FETs, remain untouched because current users are, in general, pleased with the content.

Throughout the preparation of this ninth edition, the authors have maintained the technical accuracy
of this text. There is nothing more frustrating to the teacher or student than to find errors in solutions or
derivations. The authors are very pleased that the number of corrections found in the classroom or

-8



submitted by users is so small that they now feel the text is as error-free as possible for a published text.
Of course, they would deeply appreciate receiving any comments about derivations, results, or conclu-
sions that might raise concern.

FEATURES

® Systems approach  As in the prior edition, every effort is made to enhance the material that
introduces the concept of system engineering. For ac analysis, the difference between the no-load
and loaded gain is emphasized with examples of how each affects the gain and characteristics of
a system. Entire sections remain to demonstrate the impact of the source and load resistance on
the system response, although now the material is an integral part of the ac analysis chapter of the
device under discussion.

® Visual presentation This text represents a concerted effort to ensure that important statements
and conclusions stand out in boldface and/or color. Color is used for instructional purposes
wherever appropriate to identify important parameters, network regions, and results — and to
enhance the understanding of figures. The format in general has been chosen to improve readability.
Summaries and equation lists appear near the end of each chapter for review and study. Ilustrations
of the use of color and the chapter summaries and equation lists appear in Fig. P-1.

input and output networks. Although the feedback resistor is usually many times that of the source

the app: ion that the source resistance is essentially 0 €2, it does present a
situation where the source resistance could possibly affect the output resistance or the load resistance 7.10 Summary
could affect the input impedance. In general, however, due to the high isolation provided between the
gate and the drain or source terminals, the general equations for the loaded gain are less complex than C and C P

those encountered for BJT transistors. Recall that the base current provided a direct link between input 1. A fixed-bias configuration has, as the label implies, a fixed dc voltage applied from gate to
and output circuits of any BJT transistor configuration. ouee 10 eetablish the °Pmnns ey

To demonstrate each approach, let us examine the self-bias configuration of Fig. 8.43 with a 2. The nonlinear relationship between the gate-to-source voltage and the drain current of a JFET
bypeswd source resistance. Substituting the ac equivalent model for the JFET results in the configuration requires that a graphical or mathematical solution (involving the solution of two simultaneous
of Fig. 8.44. equations) be used to determine the quiescent point of operation.

All voltages with a single subscript define a voltage from a specified point to ground.

. The self-bias configuration is determined by an equation for Ves that will always pass through the
origin. Any other point determined by the biasing equation will establish a straight line to repre-
sent the biasing network.

3 Fwd)evolﬂae-dividcrbinhgwnﬁgumﬁon.mmnlwnysmm that the gate current is 0 A

to permit an isolation of the voltage-divider network from the output section. The resulting gate-

to-ground voltage will always be positive for an n-channel JFET and negative for a p-channel

JFET. Increasing values of &; result in lower quiescent values of /, and more negative values

of Vs for an n-channel JFET.

The method of analysis applied to depletion-type MOSFET:s is the same as applied to JFETs,

with the only difference being a possible operating point with an 1, level above the J,q value.

. The characteristics and method of analysis applied to enhancement-type MOSFETSs are entirely
different from those of JFETs and depletion-type MOSFETSs. For values of Vs less than the
threshold value, the drain current is 0 A.

8. Whenmulyzingmtworkswilhlvtriﬂyofdcvios.ﬁnlwc‘rkwithdnr:gionofﬂlemnvotkthxl
will provide a voltage or current level using the basic relationships associated with those devices.
Then use that level and the appropriate equations to find other voltage or current levels of the
network in the surrounding region of the system.

9. The analysis of p-channel FETs is the same as that applied to n-channel FETs except for the fact
that all the voltages will have the opposite polarity and the currents the opposite direction.

Fig. 8.4 Network of Fig. 8.43 following the substitution of the uc equivalent circuit for the JFET. Equations

Note that the load resistance appears in parallel with the drain resistance and the source resistance
R., appears in series with the gate resistance Ry, For the overall voltage gain the result is a modified

aw

©w

o

~

JFETs/depletion-type MOSFETS:

form of Eq. (8.21): Fixed-bias configuration: Vs = —Vg = V,
Self-bias configuration: Vs = —/,R;
RV,
(8.61) Voliage-divider biasing:  V, = — 222
R + R,
The output impedance is the same as obtained for the unloaded situation without a source resistance: Vess = Vo = 1pRs

Enhancement-type MOSFETS:
Feedback biasing:  Vps = Vg
Vos = Vip = IyR,,

Fig. P-1



SUPPLEMENTS

To enhance the learning process, a full supplements package accompanying this text is available to
students and instructors using the text for a course.

Student Resources

@ Laboratory Manual (PSpice® Emphasis), ISBN 0-13-118906-9
@ Laboratory Manual (Multisim® Emphasis), ISBN 0-13-172088-0
® Companion Website (student study guide) at www.prenhall.com/boylestad

Instructor Resources

@ Instructor’s Resource Manual (containing text and lab solutions and test item file), ISBN 0-13-
118907-7

® PowerPoint® Lecture Notes, ISBN 0-13-118908-5

® TestGen®, an electronic test bank, ISBN 0-13-118915-8
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1.8 Diode Equivalent Circuits
1.1 Introduction

One of the noteworthy things about this field, as in many other areas of technology, is how little the
fundamental principles change over time. Systems are incredibly smaller, current speeds of operation
are truly remarkable, and new gadgets surface every day, leaving us to wonder where technology is
taking us. However, if we take a moment to consider that the majority of all the devices in use were
invented decades ago and that design techniques appearing in texts as far back as the 1930s are still in
use, we realize that most of what we see is primarily a steady improvement in construction techniques
and application of those devices rather than the development of new elements and fundamentally new
designs. The result is that most of the devices discussed in this text have been around for some time, and
that texts on the subject written a decade ago are still good references with content that has not changed
very much. The major changes have been in the understanding of how these devices work and their full
range of capabilities, and in improved methods of teaching the fundamentals associated with them. The
benefit of all this to the new student of the subject is that the material in this text will, we hope, have
reached a level where it is relatively easy to grasp and the information will have application for years to
come. _

The miniaturization that has occurred in recent years leaves us to wonder about its limits. Complete
systems now appear on wafers thousands of times smaller than the single element of earlier networks.
The first integrated circuit (IC) was developed by Jack Kilby while working at Texas Instruments in
1958 (Fig. 1.1). Today, the Intel® Pentium® 4 processor shown in Fig. 1.2 has more than 42 million
transistors and a host of other components. Recent advances suggest that 1 billion transistors will soon
be placed on a sliver of silicon smaller than a fingernail. We have obviously reached a point where the
primary purpose of the container is simply to provide some means for handling the device or system and



