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Lesson 1 A Brief Introduction to Electronic
Technology

The Development of Electronics

Electronics is a part of the larger field of electricity. The basic principles of electricity
are also common to electronics. Modern advances in the field of computer, control system,
communications have a close relationship with electronics. The field of electronics includes
the electron tube, transistor, integrated circuit and so on.

Electronics began in 1883, when Thomas Edison discovered the vacuum diode as part
of his research on materials for a practical electric light, This first electronic device
exhibited a nonlinear, unilateral electrical characteristic but was not capable of producing
amplification of a signal. ¥ In 1905 Fleming® produced the first diode in England and in
1906 DeForest” made the first triode in the United States. The vacuum tubes at that time
worked as a miraculous component for the radio devices. The widespread applications of
vacuum tubes during that time period were in the communications industry, first in radio
and later in television. The use of vacuum tubes declined rapidly when a semiconductor
device was invented that could perform many of the functions previously associated with
vacuum tubes, ¥

The first large digital electronic system was a special-purpose vacuum tube circuit
called the electronic numerical integrator and computer (ENIAC® ). The ENIAC was the
forerunner of the computer industry. The transistor was invented in 1948 and made a
significant contribution to electronics. The real electronics what it is called today was
actually started after the discovery of the transistor effect, ® The transistor opened the road
for electronics. The early transistors were made from germanium. The most visible
application of these devices was in small, portable AM broadcast receivers. Silicon
transistors began to replace germanium transistors in the late 1950s, which made possible
the next revolutionary step in electronics. © And more importantly it opened the road for

the computing world. Computers of various types started hitting the market and the
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research works got a boost.

Some other problems were also there like the assembling of the electronic components
on single mother board. Jack Kilby in Texas Instruments found a very nice solution, He
suggested to throw away all the wires and tried to connect the resistors, capacitors and
transistors on the same piece of wafer internally. Surprisingly his ideas worked and gave
birth to the integrated circuit industries.

The commercial success of the integrated circuit industry was based on standard
products representing digital logic families. The integrated circuit industry was moving
from the era of small-scale circuits to large-scale integration. As the decade of the 1970s
came to a close, a new era in integrated circuits was beginning., This era is characterized by
the inclusion of larger and larger numbers of components in a single circuit, and it is called
very large-scale integration.

Electronic technology is developing rapidly in the world. And electronics industry is

equipped to make yet another giant step forward.,
Contents of Electronics Courses

1. Direct current(DC) circuits & alternating current (AC) circuits This curriculum
includes the elementary theory of passive component (resistor, capacitor and inductor) and
electrical networks which supply power with a DC source, then an introduction to the
effects of alternating voltage and current in passive electrical circuits is given. This module
also covers DC machines, three phase circuits and transformers.

2. Analog electronics  This curriculum mainly introduces the characteristics of
semiconductor devices in linear application scope. The content involves semiconductor
diodes (PN-junction diodes, special purpose diodes), transistors (field effects and bipolar
transistors), signal amplifiers, practical amplifiers, biasing circuits, operational amplifiers
circuit and other circuits (rectification, regulation and DC power supplies).

3. Digital electronics The content of this curriculum is as follows: the basic logic
circuit concept, the digital presentation method, the combinatory logic electric circuit, the
CMOS digital circuit, the logic operation law and the Boolean algebra, the digital operation
(binary system, Hexadecimal system, integer), the analysis and the synthesis of
combinatory logic electric circuit, the analysis and synthesis of succession logic circuit, the
register, the counter, bus systems as well as CAD tools for logic design.

4. Signal and systems This unit aims to teach some of the basic properties of many
engineering signals and systems and the necessary mathematical tools that aid in this
process, The particular emphasis is on the time and frequency domain modeling of linear
time invariant systems. The concepts in this unit will be widely used in many units of study
(in later years) in the areas of communication, control, power systems and signal
processing. A basic knowledge of differentiation and integration, differential equations,

and linear algebra is assumed.
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The course includes continuous-time signals (classifications and properties), basic
properties of systems (linearity, time-invariance, causality and stability), linear time-
invariant system (characterized by differential equations and the convolution integral),
Fourier series and Fourier transform (definition, properties, frequency response and
analysis of linear time-invariant systems based on Fourier transform, sampling, correlation
and power spectral density), Laplace transform® (definition, properties and analysis of
linear time-invariant systems based on Laplace transform, solution of state space equations
using Laplace transform).

5. Circuit theory and design These partial studies take the basic electric circuit theory
and the operational amplifier knowledge as the foundation. The main study goal is to
enhance understanding of the electric circuit theory. Its main content includes the
elementary theory in circuit theory (network functions, characteristic frequencies), types
of filter (lowpass, bandpass. etc. ). review of operational amplifiers (design of first and
second order wusing operational amplifiers, cascade design ), filter characteristics
(Butterworth, Chebyshev. frequency transformations in design, sensitivity design of
passive LC ladder filters and a brief introduction to switched capacitor filters),

6. Control theory This section is concerned with the application of feedback control
to continuous-time, linear time-invariant systems. Knowledge of linear systems theory and
the Laplace transform is required. The prime aim of study in this unit is to develop a sound
understanding of basics and a capacity for research and inquiry. Completion of the unit will
facilitate progression to advanced study in the area and to work in industrial control.

This course includes the history of control. modeling of physical processes design
specifications in the time domain, design using the root locus, frequency response and an
introduction to state space design for single-input single-output systems.

7. Microcontroller systems At present, computer and microprocessor are widely used
in various parts of electronics industry. Along with the computation being more complex
and the function more formidable, the microprocessor application will continue to grow
very quickly. The ability to program for these devices will make a student an invaluable
asset in the growing electronic industry, This course enables the student to program a
simple microcontroller to perform typical industrial tasks. Assembler and C language are
used to program the microprocessor unit (MPU). The student will set up the internal
devices such as RS232 port, timer, interrupts, counters, 1/0O ports, A/DC, ete. The
program will then use these devices for control operations.

8. Computer programming for engineering applications This course will continue to
introduce the more advanced programming techniques. In the teaching of the C language.

emphasis is the use of programming for engineering applications and problem solving.
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New Words and Expressions

principle n. #W, JREW], J5E fE#E
relationship »n. X FEK, KLE silicon n. [fb1&E, BT E
include wt. f¥5, & revolutionary adj. H AR
transistor n. [ B |fREE resistor =n. [ HL |HLPH 8%
integrate adj. ZEE R, SEHY capacitor n. HZ&a
vacuum . E%, 25 [A], B WL AR era n B, 4T, WY

adj. E25H) alternating adj. & HK
diode n. —fHhE transformer . [H | 28 2%
nonlinear »n. AEZEMERY curriculum n. PR
unilateral adj. FHHY, KA amplifier n. [H ¥ &85, WA
characteristic adj. ¥A 00, WAL n. synthesis n. 4. K

Yerk, B causality »n. HEXZR
miraculous adj. ZF#H, A 0] B stability n, f&EME
decline w©., n. Ffii, T, TiE enhancement n. 383, 3
widespread adj. AT Z 1, i aim to HMWET.S5E. .57
semiconductor n. [# 2L F{& involved in  # &%
previously adwv. JGHT, LA throw away ¥, EF
associated adj. HEEH, KKK give birth to 4
numerical adj. BFK, HEERT mother board F i
integrator n. ZEHH Boolean algebra A /Rt %k
significant adj. AE XN . EEMN large-scale integration A RRARAE B
contribution . n. {5k, vk, =R integrated circuit £ il 1, B%
germanium n. 4 linear time invariant systems  £& i}

portable adj. BMK, FRGOM, ALERESE

Notes to the Text

(D This first electronic device exhibited a nonlinear, unilateral electrical characteristic
but was not capable of producing amplification of a signal. % —/~d 73 H Bn i HAEZL
) B — i FARE (B R AREF A BORE5 .

A nonlinear B “AE LM, REFE P H HARE, A T linear (M) 1 5. be
capable of $§“H BE JI M EF".

@ Fleming Bl John A Fleming, 2y « 3 M (1849—1945), FEHEEK,

®) DeForest, i « 55 Hr4F (1873—1961) ,E FH K HZE .
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@ The use of vacuum tubes declined rapidly when a semiconductor device was
invented that could perform many of the functions previously associated with vacuum
tubes. KM THFESBHE A _RENEHERETREE WAL FESFRAAR
= E I Z IR

EE—NE A, 7 when 5 7 HRIE NG P A EF —4ETEMNA],

@ ENIAC.H 8 F M it B HL, H 2 F M the electronic numerical integrator and
computer,

©® The real electronics what it is called today was actually started after the discovery
of the transistor effect. 4> K BT 15 (4 oL F B AR S5 B 1 2 7 & B 1K 8 2400 L JS O i &
& .

be called Z H“HFi R .24 K" ., the transistor effect B R R E RN .

(@ Silicon transistors began to replace germanium transistors in the late 1950s, which
made possible the next revolutionary step in electronics. fif fa{&4E T 20 42 50 /LK AT
BTrH#MEE eV TR T X — R Bkt .

® Laplace transform, 5L 3% f A8 4 . 7 FQ AR 2 [ 2l 98 49 50 B of e 31 22 0 — Fh sy
BE Y. B fORER R H f) =0, t<0, 84X TF f(0) P17 B 55 8wk
Xt eR¥ F(OMFTRIRAES .2 LLAOI=L(s), Hp s BETH. — 8 L)W IERE
PR F(OMBLR R £ A SR EI A, R T RGBT R Z B 7 (8 R — A B R ek B (0
AR B AT s 1Y BR B F (o) MR E o O B E AT S IR AR 4, ] DK e Ak i A B
R

Exercises to the Text

]I Translate the following words and phrases into English.

(D e () ERECRE Q) LEHHF O 45288

(5) #W (6) hiEffraEde (7D ALK (8) 37 M- 2 BURN ¥ 57 AR 4

I Translate the following words and phrases into Chinese.

(1) control theory (2) field effects transistors (3) Boolean algebra (4) regulation

(5) correlation and power spectral density (6) types of filter (7) A/DC

(8) the analysis and synthesis of succession logic circuit

Il Answer the following questions according to the text.

(1) What is electronics?

(2) What do you know about electronic professional courses? Please make a list of
them. l

(3) Please write out the main contents of the analog electronics course.

(4) Please write out the main goal of learning the circuit theory and design course.

(5) How do you view the prospect of electronic technology?
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Lesson 2 Electronic Components |

Resistors, capacitors and inductors form important elements in electronic circuitry. It

is essential to know something about resistance, capacitance and inductance.
Resistors and Resistance

A resistor is an electrical component that resists the flow of electrical current. The
amount of current I flowing in a circuit is directly proportional to the voltage across it and
inversely proportional to the resistance of the circuit, This is Ohm’s law and can be
expressed as the formula: I = U/R. The resistor is generally a linear device and its
characteristic forms a straight line when plotted on a graph.

Resistors may be classified as fixed or variable in their type, and also linear and
nonlinear.

Resistance is the opposition to the flow of current and is represented by the letter
symbol R. The unit of resistance is Ohm, expressed by using . One Ohm is defined as
the amount of resistance that will limit the current in a conductor to one ampere when the
voltage applied to the conductor is one volt. ¥ Larger amount of resistance is commonly
expressed in kilo-ohm(KQ) and in mega-ohm(MQ).

Resistance to the current flow creates heat, and as such, these devices have a
maximum power dissipation, rated in watts, ® Placed in parallel with a voltage source, they
limit the current to a device.® In series with a voltage source they make up a voltage
divider.

If a circuit contains resistance in series (Figure 2. 1(a)), the total resistance can be
calculated by adding all the individual resistance. The formula to calculate the total
resistance is

Rr=R,+R;+R;+--+R,
where R is the total resistance, R, through R, are the individual resistance,
Resistance in parallel Figure 2. 1(b) is a bit more difficult to calculate. The reciprocal

of the total resistance equals to the sum of the reciprocals of each resistance.

_—D—D—: ....................................
RI Rl RK Rn
Ry Ry Ry R,
(a) (b)

Figure 2. 1 Resistance in serial and parallel circuits

(a) serial circuit; (b) parallel circuit

The formula to calculate the total resistance is
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1/R+=1/R,+1/R;+1/R;++++1/R,
If there are only two resistances in parallel. an easier formula is
Rr=(R, * R,)/(R,+R;)

If you are interested in electronics, I recommend you learning the “color code”. It
makes things a lot easier.

The band positions are interpreted as follows.

® The first band (closest to the end of the resistor) is the first significant digit in the
resistor’'s ohmic value rating.

® The next, or the second band, represents the second significant digit in the
resistor’'s ohmic value rating.

® The third band indicates the multiplier, or number of zeros that should follow the
first two digits in order to know the resistor’s rated ohmic value.

® The fourth band provides the percentage tolerance information. That is how
much, in percentage, the resistor can acceptably vary from its color-code value and still be
within the manufacture’s specifications.

® The fifth band, when present, indicates the failure rate (in percentage) per 1.000

hours of service. This is sometimes called the reliability factor.
Capacitors and Capacitance

Electrical energy can be stored in an electric field. The device capable of doing this is
called a capacitor or a condenser. ¥

A simple condenser consists of two metallic plates separated by a dielectric. ® 1{ a
condenser is connected to a battery, the electrons will flow out of the negative terminal of
the battery and accumulate on the condenser plate connected to that side. At the same
time, the electrons will leave the plate connected to the positive terminal and flow into the
battery to make the potential difference just the same as that of the battery, ©

To discharge the condenser the external circuit of these two plates is completed by
joining terminals together with a wire. The electrons start moving from one plate to the
other through the wire to restore electrical neutrality.

The capacitance is directly proportional to the dielectric constant of the material and to
the area of the plates and inversely to the distance of the plates. It is measured in farads.
When a change of one volt per second across it causes the current of one ampere to flow,
the condenser is said to have the capacitance of one farad. However, the farad is too large
a unit to be used in radio calculation, so the microfarad (one millionth of a farad) and the
picofarad (107 ** farads) are generally used.

The amount of the stored energy of a charged condenser is proportional to the applied
voltage and its capacitance. The capacitance of a condenser is determined by three
important factors, namely, the area of the plate surface, the space between them and

dielectric material. The larger the plate area, the smaller the space between them. the
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greater the capacitance,
The capacitors can be found in both polarized and nonpolarized versions. The most
commonly used types are the electrolytic.
Total capacitance can be calculated from individual capacitance in parallel Figure 2. 2
(a) by adding each of the individual capacitance. The formula is
Cr=0C+Cy+C;+++C,

where Cy is the total capacitance, C, through C, are the individual capacitance in parallel.

Total capacitance can be calculated from individual capacitance in series Figure 2. 2(h)
by the following formula:
1/(:1:1/(:1 +1/C2+1/C3+"'+1/C"

e T B i
J. l Cl C._ CJ Cn
T Cl TCE -[ C] = Cy
@ (b)

Figure 2.2 Capacitance in parallel and serial circuits

(a) parallel circuit; (b) serial circuit

Inductors and Inductance

An inductor is an electrical device which can temporarily store electromagnetic energy
in the field. The inductor is a coil of wire that may have an air core of an iron core to
increase its inductance, A powered iron core in the shape of a cylinder may be adjusted in
and out of the core.

An inductor tends to oppose a change in the electrical current; it has no resistance to
the DC current but has resistance to AC frequency and is given by the formula X, =2xf. L,
with units of ohms. Inductors are used for filtering the AC current. It is electrically
opposite to the capacitor, Its value is expressed in Henry (more commonly milliHenries).

There are two major types of inductors, air core and iron core,
Component Testing

Once a particular component is suspected of being faulty, individual tests must then be
performed. @ Ideally, the component should be removed from the circuit completely. but if
this is inconvenient (at least until it proves necessary for removal), one or more leads
should be disconnected and care taken to avoid current paths in neighboring components
when testing. ® Such paths may give false reading and lead to incorrect conclusions.
Methods for testing components are described below.

Resistors are normally checked with an ohmmeter (in all probability on one of the

resistance ranges of a multimeter). Such an instrument carries its own power supply and

the circuit under test must be disconnected from the subunit power supply if the resistor is
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only partially removed {from the circuit (that is, one end disconnected). Zero resistance on
an ohmmeter is normally full scale deflection of the pointer and care must be taken not to
confuse this reading with “infinite ohms”. With the meter leads connected together, the
ohmmeter is first zeroed, using the electrical control provided. This removes lead
resistance from the leading and adjust the zero control appropriate to the chosen range.

Capacitors may also be checked for component resistance by use of an ohmmeter. On
connection the meter initially reads low. Then capacitor is functional, the pointer moves to
the high resistance end of the scale as the component charges. The reading given when the
pointer stops moving is the insulation resistance, which is normally high if the capacitor is
in good condition. Low resistance indicates a short-circuit or a leaky capacitor. Very high
resistance indicated immediately (that is, without charging) may indicate an open-circuit
except for very low-value capacitors in which the charging time is too short to cause
detectable pointer movement as described. Capacitance itself may be measured on a
capacitor bridge. The instructions for use of these instruments depend upon the type and
are usually given with the instrument.

Inductors may be checked with an ohmmeter in the manner described for resistors,
bearing in mind that inductor DC resistance is usually low. Inductance itself may be
measured either by using a reliable AC supply to determine the inductive reactance or by a

direct reading from a bridge instrument constructed for the purpose.

New Words and Expressions

resist  wt. KPL, =IU, P, ZAEE significant adj. A & X1, KK,
directly adw. EHHeHL, SLE]) HEM
proportional adj. o8, MK, multiplier n. B{n&, FE, B,
¥y 5 ek &5
formula 2. 283, HL0 tolerance n. 2%, % v, 45 W4
dissipation n. JH H(, 8, HE, WHFOMELE
N - condenser n. ¥&Edr. HEL
voltage n. [HL1H 5, tRAF%K dielectric n. WA, 45K adj. JE
individual =n, ™ A, ™MK adj. ™0 ESHWN
i, B, A8 potential adj. WTEM. ATREH n. &
straightforward adj. T8, A& T #E. EBH
W) adv. HEH neutrality »n. 3z, itk
reciprocal adj. FN . BEH, it farad n. [H 350 (A HAL)
B n. B8 picofarad n. [ ]JE BN (F 5~ PF
interpret v, R, . O%F iy ph)
band n. B, B v. G, BH microfarad n. [ H | #EHi
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polarize v (f#i) fW &, C(ff) % k.

() Pt 531k

nonpolar adj. [{b] TEHTER
inductor n, 2%

temporarily adwv. IfiE]HE
electromagnetic adj. HREH
frequency n. B%, KA KL

core n. £¥%, P, Eil

fault n, oF4f%, B, B o Bk

. IR

confuse wt. L, M5

initially adv. &#. 3k
detectable adj. R[EESGH . S & H
tend to EH, B H T

be expressed as #EFERH

linear device Zk1E8%14

be classified as #{43r2EH

in parallel with FfB¢ i% %

be capable of HFEWE

insulation resistance #A%k i fH

deflection n. WA, Wi, WE one volt per second %&Fb 1 {R

Notes to the Text

@ One Ohm is defined as the amount of resistance that will limit the current in a
conductor to one ampere when the voltage applied to the conductor is one volt, 1 Q {5 X
MBS FRRER 1V E R E RS Y 1 A BT S B

A Y that will limit the current in a conductor to one ampere +& % i M 4) . when the
voltage applied to the conductor is one volt &R & M 4] .applied to the conductor & i %43
e R

@ A resistance to current flow creates heat, and as such., these devices have a
maximum power dissipation, rated in watts,

XA F 3 a) A B A 2Z 8] 4 A — A4 1 %1 3% 18] and as such. rated in watts(=
which is rated in watts) J& 43 ia] 58 i& . &4 i M 9 power dissipation,

@ Placed in parallel with a voltage source, they limit the current to a device.

Placed in parallel with a voltage source J&uf Z- 4318 5 1B VEAIRIE |

@ The device capable of doing this is called a capacitor or a condenser.

capable of doing this EJE & &%, L 45 B E 18, B i device, Il a place different
from the earth,

@ A simple condenser consists of two metallic plates separated by a dielectric. —“~H
7w R S R T 0 4 R T AR A

consist of B L ee-e- ZH B s separated by a dielectric J&3 408 B EAE 5 B 1B,
&AM plates.

® At the same time, the electrons will leave the plate connected to the positive
terminal and flow into the battery to make the potential difference just the same as that of
the battery. [RIB, i M\ 5 L s TE A% AH % A9 6 J& 7 A DA 4 Pl s (E B, oR 0 7= A W A 22, LA
S5 TR M 1 HL TR AL

10
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at the same time B3 B ZE“FE B, 41 24 T meanwhile; A E R % i to make the
potential difference just the same as that of the battery &% B iE, H & that 45 the
difference,

(D Once a particular component is suspected of being faulty. individual tests must then
be performed. — H ¥ 85~ 0 /4 Y 20 ke e o S0 75 50 20 i 26 0 i

suspect F&“MEE” 2 B, F T A 18 of + 4 18] / 30 £ 18] (1 4544 faulty T8 2810 , A 1) 5
AR B 4% ST E &M BrL e faulty Z H5H 7K & 3)i7) being.

@® one or more leads should be disconnected and care taken to avoid current paths in
neighboring components when testing. Ji iZ Wi JFF— AR o JLAR 51 £& . 3k 42 76 U i 6 oo 4 2 (8]
A HL U 38 B

care 5 @M% 1 should be,

Exercises to the Text

| Translate the following words and phrases into English.

(1) &P (2) SFEIFBEE (3 jtd ) JoFENEK  (5) 4% fHE
I Translate the following words and phrases into Chinese.

(1) Ohm's law (2) maximum power dissipation

(3) nonpolarized capacitance (4) AC resistance

(5) capacitance itself may be measured on a capacitor bridge

(6) voltage divider

I Answer the following questions according to the text.

(1) Please write out the definition of resistance.

(2) How to define 1 Q7

(3) If a circuit contains resistance in series, how to figure out the total resistance?
(4) What do you know about inductors and inductance?

(5) Please write out some methods of testing components.

Lesson 3 Electronic Components ][

Diodes

Semiconductor Diodes

A semiconductor diode is a two-terminal device containing a single P-N junction. It is
the simplest possible semiconductor device. The P-type material is called the anode, while
the N-type material is called the cathode. ® (Figure 3. 1)

A diode is a semiconductor that allows the current to flow in only one direction. It can
be used to change AC into DC. The two leads of a diode are labeled anode and cathode.

A diode is forward biased (Figure 3. 2) when its anode is more positive than cathode
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