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Uit One LT e ey

ai

After reading this unit and completing the exercises, you will be able to
¥ Describe the objective of this book.

¥r  Describe how little the fundamental principles of electronics change over these years

¥ Explain what is most important in learning electronics.

Yioad-in

1. Look at the pictures and discuss about them. Then write down the relevant terms and
expressions in the space below.

l:=] video/ Animation

Typical integrated circuit( shown on a fingernail) A silicon chip in medern computers

2. Read the following passage with the questions below to think about.

(1) Describe the basic characteristics of electronics.

(2)Describe what limits the further miniaturization in intergrated circuit.

ﬁjlmo toRead It

The objective of this book is to present some methods of reading articles about

14
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electronic systems,and more importantly,to lay a solid foundation for our students’ future
career in electronics. "'’ One of the noteworthy things in this field , as in many other areas of
technology ,is how little the fundamental principles change over time. Systems are incredibly
smaller and smaller, current operating speeds are truly remarkable,and new gadgets appear
every day, leaving us to wonder where technology is taking us. 21 However, if we take a
moment to consider that the majority of the devices in use were invented decades ago and
that some design techniques appearing in the textbooks as far back as the 1930s are still in
use, we will realize that most of what we see is primarily a steady improvement in processing
techniques and new appplications of those obsolete devices rather than the development of
new components and fundamentally new designs. '*! The result is that most of the devices
discussed today have been around for some time,and that the texts on the subject wriiten a
decade ago are still good references with contents that have not changed a lot. The major
changes have been in the understanding of how these devices work and how to realize their
full range of capabilities,,and in improved methods for teaching the fundamentals associated
with them. The benefit of this book to the beginners in this subject is that all the materials
in the book are relatively easy to grasp and the information will be put into application for
years to come.

The miniaturization that has occurred in recent years leaves us to wonder about its
limits. The complete systems now appearing on wafers are thousands of times smaller than
the single elements of earlier networks. The first intergrated circuit (IC) was developed by
Jack Kilby while he was working at Texas Instruments in 1958. Today, the Intel® Pentium ®
4 processor 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 a
container is simply to provide some means for handling the device or the system and to
provide a mechanism for attachment to the remainder of the network. Further miniaturization
appears to be limited by three factors:the quality of the semiconductor material ,the network
design technique,and the limits of the manufacturing and processing equipment.

The most fundamental device in electronics is semiconductor, and the simplest thing we
should understand firstly is the semiconductor materials. At the same time we should realize

that the simplest is the most important.

L)



» Unit One An Introduction to Electronics <

Moreover,we should understand that semiconductor diode, almost the simplest device

in electronics,is a nonlinear device ;it is important to clarify that in order to use a nonlinear

device correctly, you should be familiar with linear devices. For this reason, we will

introduce linear devices firstly, and then recall those basic theories about linear electric

circuits( from Unit 2 to Unit 5). With these foundations, we will go ahead to learn more

about nonlinear semiconductor devices.

® Words and Expressions ®

®wW N A AW N -

15.
16.
17.
18.

electronics
noteworthy
fundamental
cwrent

gadget
miniaturization
wafer

Pentium

. transistor

10.
11.
12.
13.
14.

host
sliver
fingernail
container

handle

attachment
semiconductor
clarify

recall
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® Notes ®

1. ... lay a solid foundation for our students’ future career in electronics.
HEEATR R B FE AR T T — MBS AR,

2. Systems are incredibly smaller and smaller, current operating speeds are truly remarkable,
and new gadgets appear every day, leaving us to wonder where technology is taking us.
REUBORE/NT , TAER BB Rt , BT i 284 Rl i 3, AL R AT (AR S48
(HA0) BARRHEFR AT a1 T4k ‘

3. However,if we take a moment to consider that the majority of the devices in use were
invented decades ago and that some design techniques appearing in the textbooks as far
back as the 1930s are still in use,we will realize that most of what we see is primarily a
steady improvement in processing techniques and new appplications of those obsolete
devices rather than the development of new components and fundamentally new designs.
SR , QSR IRATTZE AT TR SR 2% IR AN 4 TEAE T2 {8 F i 4 KR A B A 3R 2 JL -+ 4F A
REIH, 3 HRAE 20 42 30 AR B0 B BB BRAR S KRR A, &l
MEFHBS KR WBIM A 2 THAR KL Ll R ARS8 — ik
BB , T B TR 4 LA R B A SO TR BT A

® /th‘l'Vltl&S‘ e
1. Complete the following sentences according to the passage above.

(1) The major changes have been in the understanding of how these devices work and
how to realize their of capabilities, and in improved methods for teaching
the fundamentals associated with them.

(2) The that has occurred in recent years leaves us to wonder about its
limits.

(3) Today, the Intel® Pentium® 4 processor has more than 42 million transistors and a

of other components.

(4) The most fundamental device in electronics is

2. Translate the following sentences into English.
(DERTFTHEAGEE, RITEAE THROBETRANEYRRELE2EMNE,
(2) SR, BRI TH _AE, ERIrRBE TERERMARKSHF,

%4



» Unit One An Introduction to Electronics <

(3) BAIE B ARG EAME , R B ERB RS, X — SRIEFEEN.

() GRE A RHENE RS B R M AR Y KEE T, e+ £4
RS AR IRA Z4ARRENSE A, KN ERRE KMBE.

(5) MR, Brip RIS T EARAEL M 2R

“B urther Reading

Semiconductor Materials : Ge, Si,and GaAs

The construction of every discrete solid-state electronic device or integrated circuit
begins with a semiconductor material of the highest quality. Semiconductors are a special
class of elements having a conductivity between that of a good conductor and that of an
insulator.

In general ,semiconductor materials fall into two classes: single-crystal and compound.
Single-crystal semiconductors such as germanium ( Ge ) and silicon ( Si) have a repetitive
crystal structure, whereas compound semiconductors such as gallium arsenide ( GaAs ) and
cadmium sulfide( CdS) are constructed of two or more semiconductor materials of different
atomic structures.

The three semiconductors used most frequently in the construction of electronic devices
are Ge,Si,and GaAs.

In the first few decades following the discovery of the diode in 1939 and the transistor
in 1947, germanium was used almost exclusively because it was relatively easy to find and
was available in fairly large quantities. It was also relatively easy to refine for very high
levels of purity,an important aspect in the fabrication process. However, it was discovered
in the following years that diodes and transistors using germanium as their base materials
suffered from low levels of reliability primarily due to its sensitivity to changes in
temperature. At the time,scientists were aware that another material , silicon, had improved
temperature sensitivities, but the refining process for manufacturing silicon with very high
levels of purity was still in the development stages. Finally, however,since the first silicon
transistor was introduced in 1954 ,silicon quickly became preferred semiconductor material.

Not only is silicon less temperature sensitive ,but it is one of the most abundant materials on

5¢
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the earth. The flood gates are now opened to this new material,,and the manufacturing and
design technology has been improved steadily through several years, reaching the current
high level of sophistication.

As time moved on, however, the field of electronics became increasingly sensitive to
issues of speed. Computers were operating at higher and higher speeds,and communication
systems were operating at higher levels of performance. A semiconductor material able to
meet these new needs had to be found. As a result, the first GaAs transistor was developed
in the early 1970s. This new transistor had speeds of operation up to five times that of Si.
The problem,however, was that because of the improvments in designing and manufacturing
Si through these years’ efforts, Si transistor networks for most applications were cheaper to
manufacture and had the advantage of highly efficient design strategies. GaAs was more
difficult to manufacture at high levels of purity, was more expensive,and had little design
support in its early years of development. However,the demand for increased speed resulted
in more funding for GaAs research,to the point that today it is consistently used as the base

material for new high-speed, very large scale integrated circuit designs.

® New Words®

1. germanium [ dzo:'meiniom ] n. [ L] 5%

2. gallium ['geeliom] n. [t ] 48

3. arsenide [ 'azsonaid ] n. [ 1k )54k 4
4. cadmium [ 'keedmiom ] n. EIAL:

5. sulfide [ 'salfaid | n. [ k) Btk
6. fabrication [ fsebri'keifon ] n. il

%6



Unit Two _Resistors and Superconductors

After reading this unit and completing the exercises, you will be able to

¥ Define the resistance of a resistor.

v¢  Describe the basic factors affecting the resistance in a common conductor.
¥r Explain how a common conductor dissipates energy.
¥

Describe the basic characteristics of superconductors.

S Tead-in

1. Look at the picture and discuss about it, Then write down the relevant terms and

expressions in the space below.

Resistor

2. Read the following passage with the questions below to think about.
(1) How to calculate the resistance of a section of conductor, given its cross-sectional
area and length?

(2) Describe why there is no energy loss in superconductors.

7
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©
fexTime to Read It

Though we know that semiconductor is the most popular device in electronics,
electronic circiut cannot be analysized without general circuit theories. (') Resistance,
capacitance ,and inductance, however, are the three basic circuit properties that we use to
control voltages and currents in general circuits. Each of these three circuit properties
behaves in a fundamentally different way. Resistance,for example, opposes current, while
capacitance opposes any change in voltage, and inductance opposes any change in
current. 2! In addition, resistance dissipates energy,while capacitance and inductance both
store energy—capacitance in its electric field and inductance in its magnetic field.

Circuit elements that are built to possess capacitance are called capacitors, while
elements built to possess inductance are called inductors. In this unit,we put the emphasis

on resistor, its properties,and its behaviour in circuits.

Resistance of Conductors

It is well known that conductors are materials which permit the flow of charge. ™’

However,not all conductors behave the same way. Rather, we find that the resistance of a
material is dependent upon four factors-

¢ Type of material

® Length of the conductor

® Cross-sectional area

® Temperature

If a certain length of wire is subjected to a current, the moving electrons will collide
with other electrons within the material. ‘*! Differences at the atomic level of various
materials cause variation in how the collisions affect resistance. "*! For example, silver has
more free electrons than copper,so the resistance of a silver wire will be less than that of a
copper wire with the identical dimensions. We may therefore make the following
conclusion ;

The resistance of a conductor is dependent upon the type of material.

If we double the length of the wire,we can expect that the number of collisions over the

%8



» Unit Two Resistors and Superconductors <

length of the wire will double, thereby causing the resistance to double accordingly. This

effect may be summarized as follows:

The resistance of a metallic conductor is directly proportional to the length of the

conductor.

Another property of a conductor somewhat less intuitive is the effect of cross-sectional
area on the resistance. As the cross-sectional area is increased,the moving electrons are
able to move more freely through the conductor,just as water moves more freely through a
large-diameter pipe than a small-diameter pipe. If the cross-sectional area is doubled, only

half as many electrons would be involved in collisions over the length of the wire. We may

summarize this effect as follows:
The resistance of a metallic conductor is inversely proportional to the cross-sectional area
of the conductor.

The factors governing the resistance of a conductor at a given temperature may be

summarized mathematically as follows ;
R = BAQ[ ohm,Q]

Where
p = resistivity,in ohm-meters( ) — m )
= length,in meters(m)
A = cross-sectional area,in sequre meters (m?”)

In the above equation the lowercase Greek letter rho (p ) is the constant of
proportionality and is called the resistivity of the material. Resistivity is a physical property
of a material and is measured in ochm-meters( {} — m )in the SI system. The resistivity of a
kind of material is often affected by the temperature.

Example 2-1 Most homes use solid copper wire with a diameter of 1. 63 mm to provide
electrical distribution to outlets and light sockets. Determine the resistance of 75 meters of a
solid copper wire having the above diameter. (The resistivity of solid copper is 1. 723 X
10°Q - m)

Solution We will first calculate the cross-sectional area of the wire using the following

equation ;

94
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Figure 2-1 Solid copper wire

4= md’ _ m(1.63 x 107 m)*?
4 4

Now , the resistance of a 75 m length of wire is found as

p et (1.723X1070 -m)(75m) _

=2.09 x 10 °m?

A 2.09 x 10 *m’ ~0.6190
® Words and Fxpressions ®
1. resistance [ ri'zistons ] n. [ ]eRBH
2. capacitance [ ka'peesitons ] . [H)EE BHEER
3. inductance [ in'daktons ] n. (RN IS
4. dissipate [ 'disipeit ut. DREC(ESE) ,HTHH TR, R
5. capacitor [ ka'peesito ] n [ )RS
6. inductor [ in'dakta ] n. [ o ] /o7 28
7. resistor [ n'zista ] n. FRLBH 2%
8. charge [tfa:d3z] n. @0 R
9. to be subjected to 3%, KA
10. electron [ i'lektron ] n. (]8T
11. metallic [ mi'teelik ] a. SR SRR
12. intuitive [ in'tjuzitiv ] a. B B
13. lowercase [ "louo'keis | n. INEERE
14. constant [ 'konstant ] n. (B EH,HE
15. proportionality [ prouipo:fa'neliti]  n. Hefl () 5 ¥ (1)
16. resistivity [ 'rizzis'tiviti ] n. [ )=
17. outlet ['autlet ] n. [ClEURERE

%10
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18. socket [ 'sokit ] n. (CY[Ha YATHE, F R 30
® Notes ®
1. Though we know that semiconductor is the most popular device in electronics, electronic

circiut cannot be analysized without general circuit theories.

BARMNAE X ZEER FREATEHBE NS, HREARA LT E K 8 1R
FIREAL, RO (M) ST R B

Resistance, for example, opposes current, while capacitance opposes any change in
voltage , and inductance opposes any change in current.

Eb o - e REBE (AL, T FR A BELLE B R A AR 4L, HURREH I P R AR AL

It is well known that conductors are materials which permit the flow of charge.

(—fR) #HE AR —F AR AL RS

If a certain length of wire is subjected to a current,the moving electrons will collide with

other electrons within the material.

IR —Begrh i — AR I, AR ARSI T & S AR e s T Tl

. Differences at the atomic level of various materials cause variation in how the collisions

affect resistance.

A FEIFR 0 7 G54 R R 2 i (SRR ) X 4% B e BE 7 42 R (R 2 me

® Activities ®

L

Complete the following sentences according to the passage above.
(1) The resistance of a conductor is the type of material.

(2)If we double the length of the wire,we can expect that the number of collisions over

the length of the wire will

(3) Another property of a conductor, somewhat less is the effect of cross-
sectional area on the resistance.

(4)The resistance of a metallic conductor is proportional to the cross-

sectional area of the conductor.

2. Translate the following sentences into English.

(1) dLBH | i 20 TR B = P B R A B B T

11¢



