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In the forward to the first issue of the IEEE Journal of Solid-State Circuits in Sep-
tember 1966, Dr. James D. Meindl wrote

“Within the past two decades, perhaps no sector of electronics has
developed more rapidly than solid-state circuits. The nature of this
development has imposed an expanding set of requirements on the breadth
of knowledge one must possess in order to design a circuit well. — Most
recently, the uniquely interdependent material, device, circuit, and system
design considerations of large scale integration have again extended the
scope of the problem of circuit design.”

It is remarkable that such broad statements, written over 30 years ago, are still ac-
curate today. Given the complexity of present-day integrated circuits, circuit de-
signers need to have a greater breadth of knowledge than ever before. This text is
intended to provide an introduction to this important and rapidly changing disci-
pline.

Many engineers who will never design an electronic circuit need to have a basic
understanding of the characteristics of electronic circuits because they fabricate,
test, or use these circuits, or they design systems that eventually have to be imple-
mented using these circuits. In addition, there are many techniques and principles
used in the design of electronic circuits that find widespread use outside of this
discipline (e.g., small-signal linearity and feedback). Therefore, for those of you
who will not become circuit designers this text still has much to offer that will be
important in your careers.

The field of electrical engineering changes very rapidly. What can you expect to
learn from this book that will still be useful in ten or twenty years? A great deal I
hope. Although the devices, the economics of which components you favor, (e.g.,
resistors used to be cheaper than transistors, but the opposite is true in integrated
circuits), and the computer-aided design tools will definitely change, there is still
much that will stay the same. I can’t predict exactly what will remain useful, but it
seems unlikely that the concept of how to analyze a circuit so that you can see how
to improve it will change, or that the concept of small-signal linearity will become
unimportant, and certainly the ability you develop to solve problems will always
be useful; after all, that is what engineers do.

I have tried to concentrate on helping you learn the concepts in this book. To be
good at circuit design and many other engineering disciplines requires a healthy
dose of intuition. While you certainly need to know how to write nodal equations
and solve them, no one is going to pay you to do that because you can’t possibly
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compete with a computer program. As soon as any area of engineering is well
enough understood that we can write rigid procedures guaranteed to produce a
correct answer, a computer program will take over. Therefore, it is true that you
will always be working with-systems that you don’t completely understand and
systems that cannot be analyzed exactly. Design will always require an ability to
model the real system with a model that is simultaneously simple enough to allow
you to “see” what is going on and think of ways to improve the performance, while
being complete enough to adequately model the salient characteristics of the sys-
tem. In addition, design requires that we do our analyses in a different way; we
aren’t just seeking the answer, but an understanding of how we can modify the
system and/or choose the component values to achieve a desired result. That is, at
least in part, what it takes to do design.

Therefore, I have focused on providing explanations and examples of how dif-
ferent circuits work and have focused on the underlying principles more than
“rules of thumb” or design procedures, although some of these are certainly given.
If you are searching for a cookbook approach, you won’t find it here. However, re-
member that no one will pay you to follow set procedures. A designer is only valu-
able if he or she understands the problem well enough to come up with a good
solution, even when no “procedure” exists.

This textbook came together when the second author, who was looking for
someone to revise an existing text, met with the first author, who was contemplat-
ing writing a new book. After discussion, it was agreed that a new textbook was
needed, but that material from the older text could be used. The result is the book
you have in your hands; most of the material is completely new and written by the
first author, but some of it is adapted from Electronic Devices and Circuits: Dis-
crete and Integrated, by Mohammed S. Ghausi.

Organization and Features of the Text

The material in this text is organized logically by topic, rather than sequentially
in the order I would present it. Therefore, I do nor expect that you will read this
book linearly. Rather, I expect that you will at times, jump around a bit. Organiz-
ing the book in this way has two advantages; first, I do not dictate the order of pre-
sentation and second, it emphasizes the different types of analyses that must be
used in the design process.

Not specifying the order of presentation is important, because it allows each in-
structor more flexibility in choosing the topics to be covered and the depth of cov-
erage of each topic. For example, you may cover field-effect transistor (FET)
circuits first, or bipolar junction transistor (BJT) circuits first. This flexibility is
partly brought about by placing the material on small-signal linearity in a separate
chapter, and partly through the use of a generic transistor to present certain infor-
mation that is common to both FETs and BJTs.

Emphasizing the different types of analyses used in design is important, because
students are frequently confused about when and why a particular analysis or
model should be used. For example, why is a capacitor modeled as an open or
short circuit for some analyses while it is retained for others? And how do I know
which model I should use for the transistors in my circuit? By covering DC bias
point analysis, small-signal midband AC analysis, frequency response, large-signal
AC performance, and digital circuits in different chapters, I emphasize the models,
methods, and motivation for each type of analysis. Where possible, one example
will be used throughout several chapters so, for example, you can learn about the
DC biasing, midband gain, frequency response and large-signal swing of a com-
mon-emitter amplifier using a single example circuit. But the distinctions between
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the different types of analyses are emphasized by having each of them in a differ-
ent chapter.

One feature of this text is the use of a generic transistor to present many of the
basic principles that are common to FET and BJT circuits. While this transistor is
fictitious, the terminal names used focus attention on the functionality of the de-
vice and the models used are the same as real transistors. The advantages of using
this slight fiction are:

1. It helps to develop intuition about the operation of a given type of circuit
without reference to the active device used (for example, a common-emitter
BJT amplifier, common-source FET amplifier and even a common-cathode
vacuum tube amplifier have much in common).

2. It allows common information to be presented once without dictating which

type of transistor is covered first.

3. It helps to foster a modern device-independent way of thinking about circuits.
With this mode of thinking, the designer first considers the functionality of the cir-
cuit and then considers which type of device is best suited to a given application.

Another feature of this text is that it often breaks complex topics up into differ-
ent levels of coverage to enable an instructor to decide how much detail to cover
on a given topic at a given time. For example, most sections in Chapter 2 describ-
ing the operation of solid-state devices have an intuitive description followed by a
more detailed derivation of the equations. The intuitive description can be used by
students who have already had—or will have—a more detailed course in device
physics. The detailed derivations can be used by students who have only one
course covering electronic circuits and devices. As another example, the frequen-
cy response chapter presents both first-order methods for estimating the band-
width of simple circuits {e.g., the Miller effect) and the more general zero-value
time constant method, The more advanced zero-value time constant method may
be left out of an introductory course taken by general Electrical and Computer
Engineering students and can then be added in during a second-term course for
students specializing in the circuits area.

One other feature of this text is that full solutions are provided for the exercis-
es, rather than just numerical answers. It is my belief that if an exercise is involved
enough to be of any real use to the student, simply providing the numerical an-
swer is insufficient.

The final major feature of this text is the use of Asides. Asides are used for two
different purposes. Sometimes, they are used to present material that is essential,
but the student may already know from a prerequisite course, or may want to
refer to later. Having the material in a separate Aside allows students to skip it or
easily refer to it later. Asides are also sometimes used to present optional materi-
al that may expand on or further explain the material covered in the section. A
separate index is provided to the Asides.

The CD that accompanies this text is also important. In addition to containing an
evaluation version of the MicroSim DesignLab 8 software, which includes PSPICE, a
postprocessor (PROBE), and a schematic capture program, the CD also includes all
of the simulation files for over 100 exercises, examples, figures, and comments in the
text. There are indexes on the CD for these files so that you can find, for example, a
simulation file that shows how to use PSPICE to find the input or output resistance of
an amplifier. In addition, the CD contains companion sections for a few places in the
text where material was not printed for the sake of brevity (including two appendix-
es). I felt that some students would want this material.

There is more than enough material in this text for a two semester or three
quarter sequence in electronic circuit design. Several different instructors have
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used drafts of this text for a two-quarter sequence at the University of California
at Davis for several years. The first quarter of that sequence is required of all Elec-
trical and Computer Engineering majors and covers Chapters 1 and 6, parts of
Chapters 2,7, and 8, the introductory material in Chapter 9, Chapter 14 and part
of Chapter 15. The second quarter then adds the zero-value time constant method
in Chapter 9, covers all of Chapter 10 and some of Chapters 4,12, and 13. The ma-
terial in Chapters S and 11 is used as reference material in other courses and
Chapter 3 is left for the students to read, if they are interested.
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AC

ADC
AGC
AM
ASCII

ASIC
ASP
BCD
BER

BJT
BiCMOS
BL

Alternating current (i.e., changing with time -

usually used for anything that isn’t DC, so it re-

ally doesn’t have to alternate in direction)
Analog-to-digital converter

Automatic gain control

Amplitude modulation

American standard code for information
interchange

Application specific IC

Analog signal processing
Binary-coded decimal

Bit error rate

Bipolar junction transistor
Bipolar and CMOS

Bit line, or buried layer
Band-pass filter

Computer-Aided Design
Computer-Aided Engineering
Collector-base junction
Current-controlled current source
Current-controlled voltage source
Compact disc

Current-mode logic
Compleméntary metal oxide semiconductor
Chemical-mechanical polishing
Common-mode rejection ratio
Central processing unit

Chemical vapor deposition
Digital-to-analog converter

Direct current (i.e., constant magnitude
and direction)

DNL
DRAM
DSP
DTL
DUT
EB)
ECL
EHP
EPROM
EEPROM
EXOR
FET
FIR
FFT
FM
FOM
GaAs
GBW
GIC
GTO
HEMT
HPF
HVAC
Ic

IGFET
INL
JFET
KCL
KVL

Differential non linearity
Dynamic RAM

Digital signal processing
Diode-transistor logic

Device under test

Emitter-base junction
Emitter-coupled logic
electron-hole pair

Erasable PROM

Electrically erasable PROM
Exclusive OR (logic gate)
Field-effect transistor

Finite impulse response

Fast Fourier transform

Frequency modulation

Figure of merit

Gallium Arsenide
Gain-bandwidth product
Generalized impedance converter
Gate-turn-off thyristor
High-electron mobility transistor
High-pass filter

Heating, ventilating, and air conditioning
Integrated circuit

Intermediate frequency
Insulated-gate field-effect transistor
Integral non linearity

Junction field-effect transistor
Kirchoff’s current law

Kirchoff’s voltage law



LDD
LED

LO

LOS
LPCVD
LPF

LSB

LSl

LTI
MESFET
MODFET
MOS
MOSFET

MsB
Ms}
MTBF
NAND
NMOS
NOR
npn
PCB
PDP
PIV
PLL
PMOS
pnp
pot
ppm
PROM
PSRR
RAM
RC
RF
RLC
ROM

Lightly-doped drain

Light-emitting diode

Local oscillator

Line of symmetry

Low-pressure CVD

Low-pass filter

Least significant bit

Large-scale integrated circuit

Linear time invariant
Metal-semiconductor field-effect transistor
Modulation-doped field-effect transistor
Metal-oxide semiconductor

Metal-oxide semiconductor field-effect
transistor

Most significant bit

Medium-scale integrated circuit
Mean time between failures

Not AND (logic gate)

N-type MOS

Not OR (logic gate)
Negative-positive-negative (a type of BJT)
Printed circuit board

Power-delay product

Peak inverse voltage
Phase-locked loop

P-type MOS
Positive-negative-positive (a type of BJT)
Potentiometer

Parts per million

Programmable read-only memory
Power-supply rejection ratio
Random-access memory

Resistor and capacitor

Radio frequency

Resistor, inductor, and capacitor

Read-only memory

SAR
SCR
SNR
SOA
SPICE

SPDT
SPST
SR
SRAM
STTL
TC

vces
vco
VCR
vevs
vLSI
vTC
wL
R IR,

Resistor-transistor logic or register transfer

level

Successive approximation register
Silicon controlled rectifier
Signal-to-noise ratio

Safe operating area

Simulation Program with Integrated Circuit
Emphasis

Single pole double throw (a kind of switch)
Single pole single throw (a kind of switch)
Slew rate or set-reset (a type of flip flop)
Static RAM

Schottky TTL

Temperature coefficient
Transistor-transistor logic
Voltage-controlled current source
Voltage-controlled oscillator
Voltage-controlled resistance
Voltage-controlled voltage source
Very-large-scale integrated circuit
Voltage transfer characteristic

Word line

the notation means that R, is in parallel with R,

The standard engineering prefixes used in this
book are shown below.

Prefix
femto
pico
nano
micro
milli
kile
mega
giga

Symbol Value
f 107"%
p 1012
n ([
M 107¢
m 107
k 10°
M 10¢
G 10°
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Schematic Symbols

pn;< np;ﬁ pn;:E npn{ pn;{]: npr:—H:

BIT's Schottky BIT's Superbeta BIT's
o G G O =R R
prp npn p-type n-type
Dual-collector BJT's Enhancement mode MOSFETs
S T ==
p-type n-type p-type n-type
Depletion-mode MOSFETs JFET's
+ §
diode zener diode schottky diode  capacitor electrolytic inductor
capacitor
+
S s
? - T L
resistor potentiometer battery  supply voltage ground transformer
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