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PREFACE

Electronics is the area of current physics and electrical engineering. It
studies and applies phenomena, devices and systems, based on passage
of electrical current through vacuum, gas and solid body, investigates
and develops electronic measures and systems and the principles of their
application. The information interchange in electronic systems is realized
with the help of signals, which carriers can be represented by various
physical quantities — currents, voltages, magnetic states, light waves.
The analog (continuous) and discrete signals can be recognized. There
are two types of discrete signals: the first is got by the way of digitization
of continuous signals by amplitude or time, the second one — as a set of
code combinations of signs.

The advantages of digital devices and systems comparatively with ana-
log ones are increased interference immunity, high reliability, ability to
store information for a long time without losses, economic and energetic
efficiency, compatibility with integrated technology, high manufactura-
bility and reproducibility, and disadvantages — slow operating speed and
low accuracy.

The base of development of electronics is progressive complication of
functions. It is impossible as for now to solve the new tasks by old elec-
tronic measures with the help of available element base. The main factors
are reliability increasing, decreasing of overall dimensions, mass, power
consumption and depreciation.

The important assignment of high education — is right orientation of
future specialist at the stage of study of fundamental and professionally-
oriented special disciplines, where the depth of important physical pro-
cesses statement and their optimal volume are joined. The most of pub-
lished textbooks and educational manuals on analog and digital circuitry
or devoted to statement of only some parts of this discipline, either give
common knowledge of the main parts or insufficiently reflect tendency
of present-day electronics development. In offered textbook the anthors
made attempt to liquidate referred above failings.

The textbook consists of five parts.

The part one — "Electronic devices with continuous signals" -
contains 12 chapters on analog circuitry, which considers the questions:



main components of electron systems, subsystems and units, ampli-
fiers;

RC-voltage amplifiers on bipolar and unipolar FET-transistors ac-
cording to different connection circuits by common emitter, collector,
drain, source;

frequency responses of audio RC-amplifiers, amplifier operation in
the range of low, medium and high frequencies; logarithmic amplitude-
frequency responses, computations examples; matching of signal source
with load, single- and two-step power amplifiers and amplifiers without
transformers;

through stage characteristics, temperature influence on bipolar tran-
sistor characteristics, origins and calculation methods of nonlinear dis-
tortions;

classification of analog microelectronic structures, integrated circuit
operational amplifiers, their circuitry elements;

construction of solving structures on the operational amplifier base,
linear and non-linear functional generators, adders, integrators, differen-
tiators, frequency correction, taking the logarithm, multipliers, dividers,
rectifiers, detectors;

generalities of the theory of different type selective amplifiers;

LC-generators of periodic oscillations at unipolar FET and bipolar
transistors;

basics of theory of RC-generators with different type phase shifters
and without them.

Part two — "Pulse devices" — contains 5 chapters, considering the
questions:

pulses passage through cirenits of integration, differentiation, divid-
ing, clampers;

squarer, keys, limiters, models for large signal;

multivibrators and single-shot multivibrators; frequency regulation,
thermostabilization (heatset) and improvement of circuits output voltage
waveform; ramp generators;

coding devices analysis, ADC and DAC, sample-and-hold devices.
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Part three — "Digital circuitry" - includes 6 chapters, viewing the
guestions:

mathematical fundamentals of digital circuitry, numerical systems,
codes, binary arithmetic and forms of number presentation, logic algebra,
method of Boolean functions minimization;

combinational circuits, multi- and demultiplexers, adders, coders,
decoders, comparators, code converters;

trigger elements, FS-, D-, JR-triggers;

functional blocks of sequential logic devices: shift registers, counters,
digital phase shifters;

microcireuits of memory devices: statie, dynamic main, and micro-
circuits of read-only memory (ROM);

digital integrated circuits application, interferences and interference
immunity, digital integrated circuits mounting.

Part four — "Microprocessors and microcontrollers"” - consists
of 4 chapters, which exposes such issues:

main ideas of microprocessor technology: common principles of mi-
croprocessor systems construction, buses organization, conception of mi-
croprocessors architecture;

architecture of microprocessors: single-chip 8 (octal) — and 16 (hex-
adecimal) -bit microprocessors, features of architecture of Pentium and
64-bit microprocessors;

fundamentals of Assembler programming;

microprocessor systems hardware construction: of ROM and RAM
module, of In/Out interfaces;

present-day microprocessors and microcontrollers: single-chip micro-
controllers with CISC- and RISC- architecture, signal microprocessors,
neuron computers and their functions.

Part five — "Systems of power supply and control" - the next
aspects are considered:

circuitry of the main blocks of switched power supplies (SMPS),
power electronics element, base;



control systems of power complex of beam processing station; con-
trol systems and their junctions computation, microprocessor control
systems.

The problems for current monitoring and testing are given; exercises for
independent and individual solving are listed.

All parts of bachelors training program for "Electronics", "Power engi-
neering", "Radio engineering" and others, according to Ukrainian stan-
dard are stated in the textbook in a compact and available form, which
should promote increasing efficiency of both auditorium lessons and in-
dependent work of students. Material was arranged with each next part
being logic continuation of previous.

The result of course study is learning by students of principles of func-
tioning, choice, practical realization of devices and electronic systems of
different purpose, principles of development of electronic devices control
systems. Students must know: principles of analog and digital circuitry
devices construction and functioning; prineiples of microprocessor and
microcontroller systems construction and functioning.

The textbook has been written based on experience of teaching of dis-
ciplines according to bachelor training program for "Electronics” at the
National Technical University of Ukraine "KP1", Donetsk National Tech-
nical University and Dneprodzerzhinsk State Technical University.

Course is provided with main disciplines: mathematics, physics and ba-
sics of electrical engineering.

Authors would like to thank collaborators of departments of "Industri-
al electronics", "Audio engineering and data logging"of NTUU "KPI",
"Electronic engineering"of Donetsk NTU and "Electronics and auto-
matics"of Dneprodzerzhinsk STU for their assistance during mechanical
preparation and teaching material discussion.

Authors are grateful to associate professors Bagrij V. V. and Peterge-
ria U. S., senior teacher Batina E. A, for their teaching and methodic
assistance during textbook composition and to reviewers for their invalu-
able remarks and recommendations on development of some manuscript
parts, taken into consideration during revision, which has contributed to
improvement of textbook contents.



INTRODUCTION

Industrial development of electronics possesses two directions:

1. Informational, embracing electronic instrumentation and systems
of measurement, control and monitoring by different technological
processes at fabrication, scientific research, in biology, medicine.
Signals amplifiers, generators of voltages, currents and power of
various waveforms and frequency, logic circuits, counters, indicat-
ing devices — all these are devices and systems of informational
electronics, based on integrated circuits application.

2. Power direction, concerned with transformation of alternating and
direct currents for electrical power engineering, metallurgy, chem-
istry, transport electric motive power and so on. The main types
of electronic systems are rectifiers, inverters, frequency converters,
controlled converters.

Electronic systems are divided into two classes by the way of electric
signals formation and transmission - analog (continuous) and discrete
(discontinuous), being divided in-turn into pulse, relay and digital.

Analog electronic devices and systems are destined for reception, conver-
sion and transmission of electric signal, changing according to continuous
(analog) function. Unique, completely defined value of chosen electrical
parameter of direct or alternating current corresponds to each specific
value of real physical quantity at the input of electronic system of ana-
log type. It can be voltage or current at electrical subcireuit, frequency,
phase and others. Both the physical quantity and its electric equivalent
at that, being possessed of infinite number of values, can be determined
at any moment and change on the same time scale. It should be not-
ed, that electric equivalent contains full information about real process,
though in a common case the moments of real quantity possessing spe-
cific value and its electric equivalent appearing, can mismatch, i.e. there
can be some delay between these moments. The advantages are theoreti-
cally obtainable accuracy and operating speed, system simplicity, lacks —
low interference immunity and parameters instability, caused by consid-
erable device behavior dependence on external destabilizing factors, for
example temperature, time (elements ageing), external fields action and
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others, considerable distortions during transmission at a great distance,
difficulties in a case of results’ long-term storage, low energy efficiency.

Discrete electronic devices (systems) are destined for reception, conver-
sion and transmission of electric signals, obtained in result of quantiza-
tion (process of continuous signal’s change by its values in some points)
by time or (and) by amplitude of given analog function. Therefore, sig-
nals acting in them, are proportional to limited number of values, chosen
by specific law, of real physical quantity, represented by various parame-
ters of pulses or drops of voltages (currents) (amplitudes, pulses rise and
fall time; pulse duration, period and frequency of pulses propagation,
spacing interval and so on). Discrete electronic systems (DES) use only
part of information about real physical quantity, i.e. information partial
losses take place during its supply. Pulse and mean power are defined
by means of pulse ratio, which also can be referred to advantages. there-
fore it’s possible to get essential power redundancy in pulse, allowing
mass and overall dimensions indices improvement; power dissipation is
minimal in a switch mode, which increases device coefficient of utiliza-
tion; the discrete devices behavior less depends on instability of utilized
devices parameters; interference immunity is higher, since time interval,
when interference can influence on signal decreases; monotypic clement
base is used, causing reliability rise, providing cheapness,

DES discrete signals are divided into pulse, relay and digital according to
quantization type. Pulse electronic systems realize quantization of initial
signal. Output sequence pulses waveform remains constant during pulse
modulation. Pulse-amplitude, pulse-width, pulse-phase modulations are
spread. Relay systems realize initial signal quantization by amplitude and
transform it into step function, with each level height being proportional
to some quantity given in advance.

In the near future digital electronics will occupy most likely the lead-
ing place in the market of electronic devices and systems. Now digital
personal computers and controllers practically displace analog ones, cre-
ated earlier. The same takes place with equipment of radio communica-
tion, broadcasting (TV-sets, radio sets, video recorders, devices of audio
recording, photo-apparatus).

However, digital technique is not able to displace fully analog in principle,
because physical processes, providing electronic system with information,
is analogous by nature; in that case, analog-digital and digital-analog
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devices are required at the input and output.

Industrial development of electronics for almost century of its existence
numbers four generations, characterizing by following microminiaturiza-
tion of electronic components, devices and systems based on application
of large-scale-integration (LSI) and very-large-scale-integration (VLSI)
circuits. Some functional blocks are fabricated in one integrated cir-
cuit, being finished electronic device or system of information reception,
transformation and transmission. Such electronic devices allows entire
providing required algorithm of initial information processing and essen-
tial increasing reliability of their functioning. Mounting compactness of
electronic devices of the forth generation comes to nearly 1000 el/cm?
and more (for comparison: the third generation electronic devices —
50 el/em?). Integrated circuits application in modern electronic systems
essentially increases system reliability and lowers their cost, overall di-
mensions and power consumption.
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