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INTRODUCTION

What Electrical and Electronics Engineers do
Electrical engineers design, develop, test, and supervise the manufacturing of electri-
cal equipment such as electric motors, radar and navigation systems, communications sys-
tems, and power generation equipment. Electronics engineers design and develop electronic
equipment, such as broadcast and communications systems — from portable music players to
global positioning systems (GPS).

Work Environment
Electrical and electronics engineers work primarily in industries that conduct research
and development, for engineering services firms, in manufacturing, and in the federal gov-
ernment. They generally work indoors in offices. However, they may have to visit sites to ob-
serve a problem or a piece of complex equipment.

How to become an Electrical or Electronics Engineer
Electrical and electronics engineers must have a bachelor’s degree. Employers also
value practical experience, so graduates of cooperative engineering programs, in which stu-
dents earn academic credit for structured work experience, are valuable as well.

MODULE 1. ELECTRICAL CURRENT

The Ancient Greeks noted that the amber buttons could attract light
objects such as hair, and that if they rubbed the amber for long enough,
they could even get a spark to jump. This is the origin of the word “elec-
tricity”, from the Greek élektron = “amber”, which came from an old root
eélek- = “shine”.

Danger
Electric shock risk

Ex. 1. Work with a dictionary, translate the following terms and match the
words from the table with their translation below the table. Check up your answers. At
home memorize the terms.

magnitude | flow skin effect | rectifier | current the same vary (v)
conventional | charge | supply (v) | unit direction prior to density
carrier
alternating | output | measure (v) | power cross-sectional | direct instanta-
area neous
propagation | cell pulsating | occur (v) | circular conductor wireless




1) ammmuryna; 2) HOCHTENb 3apsiaa; 3) no/paHsliine/mepen; 4) HampaBieHuUe; S5) nepe-
MEHHBII; 6) eNUHUIA; 7) TOK; §) MOIIHOCTH/BBIXOHAS MOIIHOCTE; 9) anement; 10) BeImpsMu-
Tenb, auo; 11) sHeprus, anmekTposHeprus; 12) moctosHHbBIN; 13) oguHakoBbid; 14) cHaO-
*KaTh; 15) Menarbces; 16) uzmepsarts; 17) npoucxoauts; 18) miomans NONepeyHOro CEUCHHUS;
19) morok; 20) muoTHOCTH; 21) HHMPKYJISAPHBIN/KONBIIEBON/KPYroBoi; 22) NpPOBOIHUK;
23) pacmpocTtpaHeHnue; 24) MrHOBEHHBIN; 25) mynbcupylomuid; 26) ycnoBHbIH; 27) addekrt
BBITECHEHUS TOKa (MMOBEPXHOCTHBIN 3 deKT); 28) 6ecrpoBOIHOI.

Ex. 2. Translate the words below without a dictionary.

Electrical, cycle, magnetic, electron, standard, atom, ampere, symbol, coulomb, sec-
ond, physicist, positive, magnetic field, negative, situation, frequency, hertz, electrochemical,
electronic, component, active, characteristically, electromagnetic, conductor, signal.

Ex. 3. Choose two terms from Ex. 1 and explain them to your group mates so
that they could guess them.

Ex. 4. Word formation.

Electric..., electro..., electrical..., electro..., electro..., electric...., electrici...
-al/ -ly/ -acupunture/ - ty/ -ian/ -cardiogram/ -car

Ex. 5. Read and translate the following words:

Convention — conventional — conventionalize;

to measure — measurement — measurer — measured — measureless;

to produce — producer — production — product — productive — productivity;
to occur — occurring — occurrence;

vary — various — variety;

to pay — payable — paying — payment — paid;

wire — wireless.

Ex. 6. Match a word from the box with its definition:

flow / direct / supply (v) / alternating / density / measure (v) / current / wireless / frequency

the rate per second of a vibration constituting a wave, either in a material
(as in sound waves), or in an electromagnetic field (as in radio waves
and light)

move steadily and continuously in a current or stream

make (something needed or wanted) available to someone; provide

a flow of electricity which results from the ordered directional move-
ment of electrically charged particles; a quantity representing the rate of
flow of electric charge, usually measured in amperes

ascertain the size, amount, or degree of (something) by using an instru-
ment or device marked in standard units

an electric current that reverses its direction many times a second at reg-
ular intervals, typically used in power supplies




using radio, microwaves, etc. (as opposed to wires or cables) to transmit
signals

extending or moving from one place to another without changing direc-
tion or stopping

the degree of compactness of a substance

A little about electrical history...

Electricity was not invented. It occurs naturally in our world.
People, however, have invented ways to measure it and to control it
for our use. Ben Franklin started working with electricity in 1740's. He
believed that lightning was a flow of electricity taking place in nature.
He performed his famous kite experiment in 1752 which proved that
electricity and lightning were the same thing.

Thomas Alva Edison is another name important in the history of
electricity. In the late 1800's he developed 1,093 inventions, but his
most famous is the incandescent light bulb. He wanted to bring light
into homes and factories. Up until then people used candles or whale
oil lamps for light.

Ex. 7. Answer the following questions:

1) What does symbol A stand for?

2) What does symbol I stand for?

3) What do symbols AC/DC stand for?

4) What does abbreviation FET mean?

5) What is a coulomb?

6) How many coulombs are there in one ampere?

7) What do you know about a) Franklin current; b) skin effect?
8) What is frequency measured in?

Ex. 8. Look for the right answers to the above questions in the text.

Ex. 9. Translate the following sentence:

The greater the current in a conductor, the higher the current density.

Ex. 10. Read and translate the text.

Current is a flow of electrical charge carriers, usually electrons or electron-deficient
atoms. The common symbol for current is the uppercase letter I. The standard unit is the
ampere, symbolized by A. One ampere of current represents one coulomb of electrical charge
(6.24 x 10" charge carriers) moving past a specific point in one second. Physicists consider
current to flow from relatively positive points to relatively negative points; this is called con-
ventional current or Franklin current. Electrons, the most common charge carriers, are nega-
tively charged. They flow from relatively negative points to relatively positive points.

Electric current can be either direct or alternating. Direct current (DC) flows in the
same direction at all points in time, although the instantaneous magnitude of the current might



vary. In an alternating current (AC), the flow of charge carriers reverses direction periodical-
ly. The number of complete AC cycles per second is the frequency, which is measured in
hertz. An example of pure DC is the current produced by an electrochemical cell. The output
of a power-supply rectifier, prior to filtering, is an example of pulsating DC. The output of
common utility outlets is AC.

Current per unit cross-sectional area is known as current density. It is expressed in
amperes per square meter, amperes per square centimeter, or amperes per square millimeter.
Current density can also be expressed in amperes per circular mil. In general, the greater the
current in a conductor, the higher the current density. However, in some situations, current
density varies in different parts of an electrical conductor. A classic example is the so-called
skin effect, in which current density is high near the outer surface of a conductor, and low near
the center. This effect occurs with alternating currents at high frequencies. Another example is
the current inside an active electronic component such as a field-effect transistor (FET).

An electric current always produces a magnetic field. The stronger the current, the
more intense the magnetic field. A pulsating DC, or an AC, characteristically produces an
electromagnetic field. This is the principle by which wireless signal propagation occurs.

Ex. 11. Answer the questions:

1) What is called conventional or Franklin current?
2) What types of current do you know?

3) In what can current density be expressed?

4) What is the frequency?

5) What does an electric current always produce?
6) Explain what skin effect is.

Ex. 12. Define the type of current:

Scheme A Scheme B
I )
et o | e —

Ex. 13. Make a plan of the text and be ready to speak on the topic.

Ex. 14. Translate from Russian into English.

Tekcer A.

BCSI MaTepI/ISI COCTOHUT U3 OUCHb MAJICHBKHUX YaCTHUIl, HA3bIBACMbIX aTOMaMH. 3TI/I aTo-
MBI COCTOSIT M3 €Ile 0oJiee MaJCHbKUX YaCTHII, HA3bIBAEMBIX JIEKTPOHAMHU. DJICKTPOHBI Bpa-
HIAFOTCSI BOKPYT IIEHTPATBHOTO SIpa, COCTOSIIETO U3 OJJHOTO WM OoJiee MPOTOHOB U HEUTPO-
HOB. DJICKTPOHBI SBJIFOTCS OTPUIATEIBHO 3apsHUKCHHBIMU YaCTHUIIAMH, TTPOTOHBI — TTOJIOXKH-
TEJIbHO 3apsKCHHBIMU, & HEUTPOHBI — HEUTPAIIBHO 3apSKEHHBIMU.

Tekct b.

DNEKTPUYECKUH TOK — 3TO YHOPSIOYCHHOE JBIKCHHE CBOOOIHBIX AJICKTPUYECKHU 3a-
PSUKEHHBIX YaCTHL, HAIPUMED, MO BO3ACHCTBUEM JJIEKTPUUYECKOrO MoJis. TakuMu yacTuia-
MU MOTYT SIBJISITHCS: B MIPOBOJHHUKAX — DJICKTPOHBI, B AJICKTPOJIUTAX — MOHBI (KATHOHBI M aHU-



OHBI), B ra3ax — MOHBI 1 AIEKTPOHBI, B BAKyyMe IPH ONPEEICHHbBIX YCIOBUSAX — JIEKTPOHBI, B
MOJyIPOBOJHUKAX — 3JIEKTPOHBI M JBIPKU. ODJIEKTPUYECKUI TOK IIMPOKO HCIIOJIB3YETCS B
JHEpPreTHKE AJIA NIepeladl SJHEPTUH Ha PACCTOSIHUM, A B TEJICKOMMYHHUKALMAX — JUIS IIepeaadn
UH(POPMALIMU HA PACCTOSHUU. B MeaMIIMHE 3JIEKTPUUECKUI TOK UCIIOJIB3YIOT B pEaHUMAIUH.

Ex. 15. At home prepare the topic on “Current”.

Ex. 16. Fill in the blanks with a word from the box below.

frequency / direct current / three-phrase / positive polarity / alternating current / Current dis-
tribution / negative polarity

Current Distribution Symbols

(132
~

uses the symbol to signify the relationship between
m-phases and frequency. The term “1~50 Hz”, for example, signifies a single-phase alternat-
ing current with a of 50 hertz. The term “3~50 Hz” states a
alternating current with a frequency of 50 hertz.
A long, straight line signifies . For example, the term “110 V ----
110 V” states a direct current relationship between two 110-volt sources. A “+” symbol shows
while “-” shows

MODULE 2. ELECTRIC CIRCUIT
Unit 2.1. Fundamentals

Be Safe!
Are you ready for this? Your brain and muscles need electricity in a
%% very tiny amount to work. Because of this, large amounts of electricity are
w:ﬂ‘j’ very dangerous to you. The electricity flowing through a light bulb is
ﬂ.ﬁ “ enough to stop your breathing.

Ex. 1. Find the proper Russian equivalents for the following English terms:

convert (v) bulb load device wire
in order to in parallel in series fuse terminal
source consume (V) mend (v) circuit switch

1) xknemMma; 2) Harpyska; 3) MmocieaoBaTeNbHO; 4) UCTOYHHK; 5) jJammouka; 6) mepe-
KIfoYaTenb; 7) PEeMOHTHpPOBaTh; §) moTpedOnsaTh; 9) memb, KOHTYp, cxema (syn. loop);
10) mapamnensHo; 11) 4robsr; 12) yctpoiictBo; 13) mpeoOpazoBeiBaTh; 14) mpood-
Ka/mpeIoXpaHuTeNb; 15) mpoBo/IpOBOIOKA.



Ex. 2. Read the following words and define their part of speech where it is possi-

ble:
Switch Switch + ed Switch + ing
Drive Driv +en Driv + ing Driv + er
Convert Convert + er Convert +ibili +ty | Convert + ible
Consume | Consum + ed Consum + er Consum + ing Consum + able

Ex. 3. Choose two terms from Ex. 1 and explain them to your group mates so
that they could guess them.

Ex. 4. Read and guess the meaning of the following words and word combina-
tions:

A closed loop, power source, negative terminal, a light bulb, a complete circuit, a safe-
ty device, the amount of electricity, the same distance, flexible thread, a strip of wire.

Some Facts about Electricity:

1) Electricity travels at the speed of light — more than 186,000
miles per second! :

2) A spark of static electricity can measure up to three thou-
sand (3,000) volts.

3) A bolt of lightning can measure up to three million
(3,000,000) volts, and it lasts less than one second!

4) Electricity always tries to find the easiest path to the ground.

5) Electricity can be made from wind, water, the sun and even animal poop.

6) A 600 megawatt natural gas plant can power 220,000 homes.

7) The first power plant — owned by Thomas Edison — opened in New York
City in 1882.

8) Thomas Edison invented more than 2,000 new products, including almost
everything needed for us to use electricity in our homes: switches, fuses, sockets
and meters.

9) Benjamin Franklin didn't discover electricity, but he did prove that light-
ning is a form of electrical energy.

Ex. 5. Speaking:

1) What is an electrical circuit?

2) What is a load?

3) Provide the examples of a load.

4) What symbols used in electrical circuits do you know?
5) How many types of electrical connections do you know?
6) Draw some examples of electrical circuits.



Ex. 6. Match a word with its definition:

Word Definition

1) Circuit A) A point of connection for closing an electric circuit

2) Loop B) A safety device consisting of a strip of wire that melts and breaks an
electric circuit if the current exceeds a safe level

3) Series C) An impedance or circuit that receives or develops the output of a
transistor or other device

4) Mend D) Electrical circuits or components arranged so that the current passes
through each successively

5) Fuse E) A complete circuit for an electric current

6) Switch F) To change or adapt the form, character, or function of; transform

7) Load G) A device for making and breaking the connection in an electric cir-
cuit

8) Source H) A complete route which an electric current can flow around.

9) Parallel I) A place, person, or thing from which something originates or can be
obtained

10) Convert J) A thing made or adapted for a particular purpose, especially a piece
of mechanical or electronic equipment

11) Device K) Repair (something that is broken or damaged)

12) Wire L) Side by side and having the same distance continuously between

them

13) Terminal

M) Metal drawn out into the form of a thin flexible thread or rod

Ex. 7. Look for the right answers to the above questions in the text.

Ex. 8. Translate the following sentence:

Electric circuits can be drawn in diagrams using symbols. Any device that consumes
the energy flowing through a circuit and converts that energy into work is called a load.

Ex. 9. Read and translate the text.

switch

battery

An electrical circuit is a closed loop formed by a power
source, wires, a fuse, a load, and a switch. When the switch is
turned on, the electrical circuit is complete and current flows from
the negative terminal of the power source, through the wire to the
load, to the positive terminal. Any device that consumes the ener-
gy flowing through a circuit and converts that energy into work is
called a load. A light bulb is one example of a load; it consumes
the electricity from a circuit and converts it into work — heat and

There are agreed ways of drawing these symbols so that circuit

light.
Electric circuits can be drawn in diagrams using symbols.
s
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diagrams can be read by lots of different people in order to make electrical devices or to mend
them.

There are three types of circuits: series circuits, parallel circuits, and series-parallel
circuits. A series circuit is the simplest because it has only one possible path that the electrical
current may flow. If the electrical circuit is broken, none of the load devices will work. A par-
allel circuit has more than one path, so if one of the paths is broken, the other paths will con-
tinue to work.

A series-parallel circuit attaches some of the loads to a series
circuit and others to parallel circuits. If the series circuit breaks, none
of the loads will function. If one of the parallel circuits breaks, how-
ever, that parallel circuit and the series circuit will stop working, but
the other parallel circuits will continue to work.

Ex. 10. Answer the questions:

1) What does an electrical circuit consist of?

2) What is a load?

3) Provide the examples of a load.

4) What are the symbols of electrical circuit used for?
5) How many types of electrical circuits are there?

6) How do they differ? What will a trouble result in?

Ex. 11. Read the schemes (see Appendix 1).

=1

Mini-quiz to check your understanding

1) Why do they call it a DC circuit?

a) The electricity flows from the source around and back to the source in a circuit.
b) Because most have a circuit breaker installed.

¢) To warn people of possible shocks.

2) What happens when a light burns out in a series circuit?
a) The other lights remain lit.

b) The voltage increases dramatically.

¢) The circuit is broken and all lights go out.

3) How could you turn off a parallel circuit?

a) You can't turn off a parallel circuit.

b) Put a switch before the parallel configuration, like near the battery.
¢) Unscrew one light bulb.

11



Unit 2.2. Ohm’s Law

1826 George Simon Ohm (1787-1854) wanted to measure the
motive force of electrical currents. He found that some conductors
worked better than others and quantified the differences. He waited
quite some time to announce "Ohm's Law" because his theory was
not accepted by his peers. The unit for resistance is named after him.

Ex. 1. Consult a dictionary and find out if there is any difference
between a battery and a cell.

Ex. 2. What can you tell about Ohm's Law?

Ex. 3. Translate the following sentence and word combinations:

Resistance is the opposition of an object to having current pass through it; directly pro-
portional, inversely proportional.

Ex. 4. Fill in the blanks with a word from the box below and translate the text.

inversely proportional / resistance / current / directly proportional / Ohm's Law / voltage /
Source voltage

Many “laws” apply to electrical circuits, but is probably the most
well-known. To understand Ohm's Law, it's important to understand the concepts of current,
voltage, and resistance. is the flow of an electric charge. , Or
electrical potential difference, is the force that drives the current in one direction.
is the opposition of an object to having current pass through it.

Ohm's Law states that an electrical circuit's current is to its voltage
and to its resistance. So, if voltage increases, for example, the current will
also increase, and if resistance increases, current decreases. The formula for Ohm's Law is
E =1 x R, where E = voltage in volts, [ = current in amperes, and R = resistance in ohms.
is another important concept in electrical circuits. It refers to the
amount of voltage that is applied to the circuit and is produced by the power source. Source
voltage is affected by the amount of resistance within the electrical circuit and affects the
amount of current. The current is affected by both voltage and resistance. Resistance is not
affected by voltage or current, but it affects both voltage and current.

Ex. 5. Translate from Russian into English.

1) DnexTpuueckas cxemMa — 3TO 4YEpPTEkK, HA KOTOPOM IMOKA3aHO YIPOIICHHOE U
HarISIIHOE M300pa)KeHUE CBSA3UM MEXKIY OTICIbHBIMH AJIEMEHTAMHU DSJIEKTPUUYECKOW IIeTH,
BBIMIOJTHEHHOE C TMPUMEHEHHEM YCIOBHBIX Trpaduueckiux OO003HAUCHUN, TMO3BOJISIONIUI
MOHATHh NPUHUMII IEUCTBUS YCTPOMCTBA.

2) JIrobas snexkTpuyueckas efb COCTOUT U3 UCTOYHUKOB SHEPTUU U €€ TOTpeduTeneil.

3) Kpome Toro, B 3JIEKTPUUECKYIO 1€ BXOJAT armapaThl ISl BKIIOUEHUS] U OTKITIO-
YeHHs BCEHl LIeTH WM OTAETBHBIX €€ YYaCTKOB U MOTpeOuTeneil, u3MepuTenbHbIe TPUOOPHI,
YCTPOMCTBA 3aLIUTHI U APYTHE alnapaThbl.

12



4) I'padmueckre 0003HAYCHHS SJIEMEHTOB YCTPOMCTBA M COCIUHSIONIME WX JIMHUH
pacmojaralT Ha cCXeMe TaKuM 00pa3oM, 4TOOBI 00ECTICUUTh HAWIydlllee MPEACTaBICHUE O
CTPYKTYp€ U3JIeIHsI U B3aUMOJEHCTBIH €T0 COCTaBHBIX YacCTeil.

5) Ob6mue TpeOoBaHUS yCTaHABIUBAIOT BHUJBI M TUIIBI CXEM U3JICIHA BCEX OTpacieit
MPOMBIIIIEHHOCTH M MOAPA3IEIIOT CXEMbI Ha 3JEeKTpUYECKre, THEBMAaTHUECKHE U KMHEMa-
TUYECKHUE.

6) B 3aBHCHMOCTH OT Ha3HAUYEHHUS PIEKTPUUECKHUE CXEMbI PA3AEISAIOT Ha CIEAYIOIIHE:
CTPYKTYpHBIC, (YHKIIHOHAIBHBIE, TPUHIUTHAIbHBIE (TIOTHBIE), COSANHCHUN (MOHTaXKHBIC),
PacCIOJIOKEHUSI U HEKOTOPBIE IpYTHE.

MODULE 3. RESISTORS
Unit 3.1. Fundamentals

Ex. 1. Translate the words below without a dictionary.

Primary, constant, harmonic, critical, project, agency, agent, style, logic, analysis, dia-
gram, element, processor, argument, formula, method.

Ex. 2. Read the following words and define their part of speech where it is possi-

ble:
Resist resist + or resistive + ty resist + ance
Value value + tion valu + able valu + ed
Indicate indicat + ed indica + tion indicat + ive indicat + ing
Oppose oppose + tion oppos + ing oppos + ed
Generate

Ex. 3. Work with a dictionary, translate the following terms and match. Check
up your answers. At home memorize the terms.

property

inversely proportional

indicate (v)

voltage drop

opposition

controlling gain

subject to

directly proportional

in terms of

value (v, n)

inherent

flow (v)

1) yka3piBaTh; 2) NPOTUBOIIOCTABIEHUE; 3) NPU YCIOBHUH; 4) UCXOISA U3, HA OCHOBE;
5) mporpammupyeMmoe ycuieHue; 6) CBOMCTBO; 7) OOpaTHO NPOIOPIMOHAIBHO; 8) TPsIMO
IPONOPLUMOHANIBHO; 9) BpoxneHHbIN; 10) magenue HanpsbkeHus; 11) teus; 12) 3HaueHue,
BEJIMYMHA, OLIEHUBATD, [ICHUTb.

Ex. 4. Find 7 words:
PROPERTYSUBJECTINDICA TECONTROLLINGINHERENTGAINOPPOSITION
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Ex. 5. Choose two terms from ex. 3 and explain them to your group mates so that
they could guess them.

Ex. 6. Circle 22 terms from modules 1, 2, 3.

C N M A G | N I T|U|DJE |V I C | E
0 L F L O | W|Q|S|NJ|V |H J J1TU | O
N G I T T Z | A| D I R|E|C|T|T]|P
\Y 0 M E N |  D|A|E|T|]A|W]|I R | E | P
E U P R 0 P A|G|A]|T I O|N|R|O
N N U N A|U|]A|M|E|O|R|]R|]A|M]|S
T L 0O A D E|C|U|]R|RJ|E|N|T I I
I E A T E AIM M|O]JE|L]|JO|JR|N|T
O S W I T C|H| H| M| C|E/|L|L/]|A I
N 0O A N A I QO] F | U/|S E|A|L ]| O
A U 0O G U|/R]O|P|]A|H|S|]R|A]|U/|N
L R U A I C I N | D I C|A ]| TJ|]E]|R
0 C E I Ol U/ QI M| Q|H|JE|A|JU|R]JA
U E O M I I P|R|O]|P E|R|T]|]Y | E
A E \Y 0O L T A|G|]E|D|R]J]O|P|A|U
Ex. 7. Study the resistor colour code.
colour code colour code
black 0 green 5
brown 1 blue 6
red 2 violet 7
orange 3 grey 8
yellow 4 white 9

Ex. 8. Work with a dictionary and find out if there is any difference between
resistivity and resistance.

Ex. 9. Look through the text and answer:

1) What is a resistor?
2) What is its primary function?

Ex. 10. Read and translate the text.

Text A.
Voltage and Current Characteristics of Resistors

The resistor is an electrical device whose primary function is to introduce resistance to
the flow of electric current. The magnitude of opposition to the flow of current is called the
resistance of the resistor. A larger resistance value indicates a greater opposition to current
flow. The resistance is measured in ohms. An ohm is the resistance that arises when a current
of one ampere is passed through a resistor subjected to one volt across its terminals. The vari-
ous uses of resistors include setting biases in p-n junction, controlling gain, fixing time con-
stants, matching and loading circuits, voltage division, and heat generation.

14



The resistance of a resistor is directly proportional to the resistivity of the material and
the length of the resistor and inversely proportional to the cross-sectional area perpendicular
to the direction of current flow. Resistivity is an inherent property of materials. Good resistor
materials typically have resistivities between 2 x 10 and 200 x 10° Q-cm.

The resistance can also be defined in terms of sheet resistivity. If the sheet resistivity is
used, a standard sheet thickness is assumed and factored into resistivity. Typically, resistors
are rectangular in shape; therefore the length / divided by the width w gives the number of

squares within the resistor. The number of squares
multiplied by  the  resistivity is  the
resistance.

The resistance of a resistor can be defined
in terms of the voltage drop across the resistor and
current through the resistor related by Ohm’s law.
Whenever current is passed through a resistor, a
voltage is dropped across the ends of the resistor.

Ex. 11. Answer the questions to the text A:

Cross-sectional area (A)

1) What’s the primary function of a resistor?
2) How is the magnitude of opposition to the flow of current called?

3) Whatis an Ohm?

4) What are the characteristics of resistors?

5) What is shown in the scheme below?

ar o W T
I 1] i |
117411 1 il 1 1} 1 |
il il ! |
| | U | SO | Epuppu—— |

1
Vi — V;-IR
o— MWW ——

R

A resistor with resistance R
having a current I flowing through
it will have a voltage drop of IR

THE ABOVE RESISTOR IS 3.25 SQUARES
IF p = 100Q/M0, THENR =3.250X 100 0 =325 Q

Ry Ry

across it

R; Ry

—AWW—o—AVWW—o0e ¢ eo—WWW——0 e ¢ o c—WWW—0

Resistors connected in series

Ex. 12. Solve the following problems.

1) You have an electrical device. You notice that when 5 volts is applied across the
device, that 10 milliamps flows through the device. What is the resistance of the device?
2) Next, you apply 10 volts across the device and 50 milliamps flows through the

device. What do you conclude?

3) The data below are all taken from measurements of the same resistor. What is the

value of the resistance?

Voltage (v) 0.95 2.03

2.99 5.11

Current (ma) 12.0 24.8

37.1 60.0

15



4) Which is the correct expression for Ohm's law when polarities are defined as
shown below?

b 1%

+ wr - - vr +

_ AANAN ALYV

«— | — I
Questions

Actually, there are many questions about resistors. Note the following charac-
teristics of resistors.

1) Resistors have voltage directly proportional to the current. That's true at
every instant of time and for every frequency. Is it possible to have a situation in
which voltage and current are not proportional?

2) The voltage across a resistor and the current through the resistor depend
upon the values at the same time. Is it possible to have other kinds of relationships?

And, if Ohm hadn't discovered his famous law — and lost his job and
been blackballed for ten years — you wouldn't be reading this now (see Appen-
dix 2).

1) In diodes — and many other devices, current and voltage are nonlinearly
related. There are many devices in which the relationship is not proportional or linear.

2) In a capacitor, we have i(t) = Cdv(t)/dt.

In an inductor, we have v(t) = Ldi(t)/dt.

Capacitors and inductors have voltage and current related to derivatives!
That's really a different situation because it means you have to learn how to solve dif-
ferential equations to predict behavior of circuits with these components. That's a
whole new kettle of fish.

Ex. 13. Translate into English.

CnoBO «pe3ucTop» MPOMU3O0ILIO OT JATHHCKOTO «resisto», YTO 3HAUUT «COMPOTUBIIS-
10Cb». Pe3uctopsl oTHOCATCS K Hambosee paclpoCTPaHEHHBIM JIETAISIM PaJIUO3IEKTPOHHON
anmnapatypbl. OCHOBHBIM MapaMeTPOM PE3UCTOPOB SIBISIETCS MX HOMUHAIBHOE COMPOTHBIIE-
Hue, udmepsemoe B oMax (Om), kunoomax (kOm) mwin meraomax (MOwm). HomunaneHble 3Ha-
YEHHs] COMPOTUBJICHUM YKa3bIBAIOTCSI HAa KOPIyCE PE3UCTOPOB, OJHAKO JEHCTBUTENbHAs
BEJIMYMHA COMPOTUBIICHUSI MOXKET OTINYATHCS OT HOMUHAJIBHOTO 3HAYEHUS. DTH OTKIOHEHUS
YCTaHABIIMBAIOTCSA CTaHAAPTOM B COOTBETCTBHMHM C KJIACCOM TOYHOCTH, ONPEICIISIONIUM BEJIU-
YUHY MOTPEIIHOCTH.
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Unit 3.2. Fixed Resistors

Ex. 1. Work with a dictionary, translate the following terms. Check up your an-
swers. At home memorize the terms.

fixed resistor composition resistor | semiprecision resistor wire-wound resistor

power resistor precision resistor general-purpose resistor | metal-film resistor

1) mpeun3HoHHBIM pe3ucTop (TUIl PE3UCTOpAa C OYEHb MaJIbIM OTKJIOHEHHUEM COIPO-
TUBJICHUS OT YKa3aHHOTO Ha HEM HOMHHANA); 2) MOMYNPEIU3UNOHHBINA PE3UCTOp; 3) MOCTOSH-
HBII pe3ucTop; 4) CHIOBOM PE3UCTOP; 5) KOMIIO3UIIMOHHBIA PE3UCTOP; 6) MPOBOJIOYHBINA pe-
3UCTOP; 7) YHUBEPCATBHBIN/O0IIETO HA3HAUYCHUSI PE3UCTOP; 8) METAJUIOIICHOYHBINA PE3UCTOP.

Ex. 2. Translate some information from Resistor datasheet specification.

THE TEMPERATURE COEFFICIENT

The temperature coefficient of resistance is a ratio which indicates the rate of
increase (decrease) of resistance per degree (°C) increase (decrease) of tempera-
ture within a specified range, and is expressed in parts per million per °C (ppm/°C).

DEFINITION OF SYMBOLS (SEE FIGS 11, 12, 13 AND 14)

Symbol Description

P applied peak pulse power

Amax maximum permissible peak pulse power (Fig.| )
\./i applied peak pulse voltage (Figs 13 and 14)
\-/max maximum permissible peak pulse voltage (Fig.|2)
Rnom nominal resistance value

L pulse duration (rectangular pulses)

tp pulse repetition time

T time constant (exponential pulses)

Tamb ambient temperature

Tm(max) maximum hot-spot temperature of the resistor
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Ex. 3. Work with a dictionary, translate the following terms. Check up your an-
swers. At home memorize the terms.

winding neighborhood reactance vitreous coating

alloy mixture tolerance shunted capacitance
binder molded encapsulate capacitive characteristics
attach hardened by baking resistor leads assembly

1) 3akan€HHBIA OO0XHIOM; 2) MPOIECC HAMOTKH/OOMOTKA; 3) ropsidee >MalieBoe
HOKPBITUE/CTEKIIOBUIHOE TOKpbITHE; 4) (HOpMOBAHHBIN/OTIUTEI B (dopme; 5) mpucoenu-
HSATH/MOHTHPOBATh; 6) CBS3YIOIIEE BEIIECTBO; 7) IIyHTUpyeMas €MKOCTbH; 8) BBIBOABI PE3H-
cTtopa; 9) peakrtuBHOoe comporuBineHue; 10) mpenen/morpemrHocts; 11) Onuznexarnas
obnacte/yciosue; 12) cmecs/cMmemuBanue; 13) nmpumeck/ciiaB; 14) eMKOCTHBIE XapaKTepH-
ctukH; 15) cOopka/MoHTax, 16) repMeTH3upoBaTh.

Ex. 4. Choose two terms from Ex. 2 and explain them to your group mates so
that they could guess them.

Ex. 5. Match a word with its definition:

Word

Definition

1) Winding

A) aunit consisting of components that have been fitted together

2) Capacitance

B) metal made by combining two or more metallic elements, espe-
cially to give greater strength or resistance to corrosion

3) Attach

C) the ability of a system to store an electric charge

4) Alloy

D) having a range of potential uses or functions; not specialized
in design

5) Assembly

E) to join, fasten, or connect

6) General-
purpose

F) an electrical conductor that is wound round a magnetic material,
especially one encircling part of the stator or rotor of an electric motor
or generator or forming part of a transformer

Ex. 6. Find some misspelled words:

Capacitanse Dencity
Culomb Simbol
Circit Devise
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Ex. 7. Underline the synonyms, found in Ex. 2.

Ex. 8. From Unit 3.1 recollect the following information about resistors:

e What is a resistor?
e What is a resistance of a resistor?
e What is an Ohm?
What are the interconnections between: a) the resistance of a resistor and the resis-
tivity of a material; b) the resistance of a resistor and the length of the resistor; c) the re-
sistance of a resistor and the cross-sectional area?

e Say the types of resistors you know.

Ex. 9. Translate the following phrases and sentences, mind the proper transla-
tion of “either...... or” expression.

e FEither come in or go out.

e He can either be a friend or a foe.

e A door must be either shut or open.

e Data is supplied in either a file, a stream, or as an array.

Ex. 10. Study specification for general-purpose fixed resistors.

Examples of general purpose fixed resistors

Type /

Carbon film Metal film Wirewound
Tolerance 2-10% (9%) 0.1-5% (1%) 0.1-5% (1%)
Power rating 0.125-2W (14W) 0.1-5W (%aW) 1-200W (10W)

Temp. coefficient  250-450 ppm/K (450) 10-250 ppm/K (20) 20-400 ppm/K (20)

Ex. 11. Look through text B quickly and give the title to the text.

Ex. 12. Read the descriptions below and fill in the blanks with a proper term
from the box.
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Ex. 13. Read the text once more, while reading it, make some notes, so that you
have a scheme of resistor types.

The fixed resistors / Power resistors / Metal-film resistors / Precision resistors / Composi-
tion resistors / Semiprecision resistors / Wire-Wound Resistors / General-purpose resistors

Text B
Resistors can be broadly categorized as fixed, variable, and special-purpose.
1) are those whose value cannot be varied after manufacture.

........................ are classified into composition resistors, wire-wound resistors, and metal-
film resistors.

2) are made by winding wire of nickel-chromium alloy on a
ceramic tube covering with a vitreous coating. The spiral winding has inductive and capaci-
tive characteristics that make it unsuitable for operation above 50 kHz. The frequency limit
can be raised by noninductive winding so that the magnetic fields produced by the two parts
of the winding cancel.

3) are composed of carbon particles mixed with a binder. This
mixture is molded into a cylindrical shape and hardened by baking. Leads are attached axially
to each end, and the assembly is encapsulated in a protective encapsulation coating. Color
bands on the outer surface indicate the resistance value and tolerance.
are economical and exhibit low noise levels for resistances above 1 MOhm.
are usually rated for temperatures in the neighborhood of 70 °C for
power ranging from 1/8 to 2 W. have end-to-end shunted capacitance
that may be noticed at frequencies in the neighborhood of 100 kHz, especially for resistance
values above 0.3 MOhm.

4) are commonly made of nichrome, tin-oxide, or tantalum
nitride, either hermetically sealed or using molded-phenolic cases. re-
sistors are not as stable as the wire-wound resistors.

Depending on the application, fixed resistors are manufactured as precision resistors,
semiprecision resistors, standard general-purpose resistors, or power resistors.

5) have low voltage and power coefficients, excellent temper-
ature and time stabilities, low noise, and very low reactance. These resistors are available in
metal-film or wire constructions and are typically designed for circuits having very close re-
sistance tolerances on values.

6) are smaller than precision resistors and are primarily used
for current-limiting or voltage-dropping functions in circuit applications.
have long-term temperature stability.

7) are used in circuits that do not require tight resistance tol-
erances or long-term stability. For , Initial resistance variation may be
in the neighborhood of 5 % and the variation in resistance under full-rated power may ap-
proach 20 %. Typically, have a high coefficient of resistance and high
noise levels.

8) are used for power supplies, control circuits, and voltage
dividers where operational stability of 5 % is acceptable. are available

in wire-wound and film constructions. Film-type power resistors have the advantage of stabil-
ity at high frequencies and have higher resistance values than wire-wound resistors for a given
size.
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Ex. 14. What types of resistors are there below?

PR o 4

Carbon
Fized wirewound

& 9

Adiustable wirewound Variable wirewound

Ex. 15. Find 21 words.

EINIC|/A|P|S|U|L|IA|T|E/M|E|B|V
TIFIT/IO|L|E|R|AIN|C|IE|JA[Y|R]|O
N|G|J|F|CIA|D|G|F|B|R|S|T|E]|L
OlEIM|PIO/W|E|R|Y|R|E|[S|[IT|S|T
QINJIOIHM|E|VIN|G|C|S|D|E|TI|A
SIEIM|[T|P/R|E|C|T|S|T|O[N|S |G
CIRIE|I Y OJE|O|IR|E|F|S|F|U]|T]|E
I/A|T|U|S|Z|T|T|W|G|T|T]|]Y|I|D
RILIAW|T|N|[D|IT|N|G|O|[X[|A|V]|R
C/P/ILIH| T/ J|IKIOJT HR|IE|V|IT]|O
UUFW|T|RIEIWIO|U/N/D|/A|T|P
I/ RITIA|JO|K|A|S|S|EM|B|L|Y|N
T|IPILIG|IN|C|U|R|R|E|N|T|L|H|O
QIOM|IT | X|T|U/R|E|R|U|E|[|O/M|L
C|S|IVIRIE|JA|C|T|A|N|JC|JE|Y|H|C
RIE|S|IT|S|T|[AIN|C|E|Z|B|H|O]|T

Unit 3.3. Variable Resistors

Ex. 1. Translate the words below without a dictionary.

Relay contacts, the potentiometer, rheostat, section, resistive element, control, motor,
classified, categories, semiconductor resistor, silicon, varistor.

Ex. 2. Fill in the missing derivatives of the words below. Read the following
words. Define their part of speech where it is possible:

diffuse diffused diffuser diffusion
used using usage

reduce reduced reducer reduction

compose composed composing composer

provide providing provision
bombarded bombarding bombardment
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Ex. 3. Find synonyms. Match them with their translation.

1) mmuHAens/crepkeHb/ITUGT/BaN; 2) BUTOK; 3) CKOJB3SIIHMI/TIABAIONINN KOHTAKT;
4) HaNmaXWBaTh/PETyIUPOBaTh, 5) OCHOBA; HWXHHUU CJIOH; 6) pemérka; 7) TpaBHpPOBATH;
TPaBUTh; 8) MOHTUPOBATH, MPUCOEAUHATH; 9) pacpoCTpaHsITh, PACHBUISATh

adjust / turn (n) / shaft / axle, spindle / layer, base / array, grating / regulate / sliding
contact / substrate / movable contact / engrave / attach / etch / twist / diffused / lattice /
spread / mount

Ne Synonym 1 Synonym 2 Translation
1
2
3
4
5
6
7
8
9
Ex. 4. Find antonyms and write down their translation.
Word A Translation Word B Translation
1) conductor A) stand still
2) thick-film B) unique
3) rotate C) general-purpose
4) patterned D) unlike
5) shallow layer E) thin-film resis-
tors
6) special-purpose F) fixed resistors
7) variable resistors G) deep layer
8) the same H) insulator

Ex. 5. Work with a dictionary, translate the following terms. Check up your an-
swers. At home memorize the terms.

Integrated | bulk resistor doped  semi- | pinched | deposited variable resis-
circuit conductor resistor | film resistor | tor/varistor

bleeder bulk resistivity | ion-implanted | diffused | yield
circuit resistor resistor

1) nerupoBaHHBIN NOJIYNPOBOIHUK; 2) IUICHOUHBIH pe3UCTOp; 3) MUHY-PE3UCTOP;
4) nmepeMeHHbIE PE3UCTOPBI / BApUCTODP; 5) LENb AENUTENS HApsLKeHUs; 6) 00BbEMHBIN pe3n-
CTOp; 7) MHTErpayibHas cxema; 8) yJelbHoe 00BEMHOE CONPOTUBICHHE; 9) BBIXOA / OTHAYA;
10) nuddy3nonnsIii pesuctop; 1 1) HOHHO-TETUPOBAHHBIN PE3UCTOP.
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Ex. 6. Fill in the blanks with the words below.

resistive element / the rheostat terminals / the potentiometer | variable potentiometers /
rheostats

Variable Resistors
is a special form of resistor with three terminals.
Two are connected to the opposite sides of the resistive element, and the
third connects to a sliding contact that can be adjusted as a voltage divider. Potentiometers are
usually circular in form with the movable contact attached to a shaft that rotates.
are manufactured as carbon composition, metallic film, and wire-
wound resistors available in single-turn or multiturn units. The movable contact does not go
all the way toward the end of the , and a small resistance is present to prevent
accidental burning of the resistive element.
is a current-setting device in which one terminal is connected to the
resistive element and the second terminal is connected to a movable contact to place a select-
ed section of the resistive element into the circuit. Typically, are wire-wound
resistors used as speed controls for motors, ovens, and heater controls and in applications
where adjustments on the voltage and current levels are required, such as voltage dividers and
bleeder circuits.

Ex. 7. Fill in the blanks with the words below.

pinched resistors / integrated circuit resistors / semiconductor resistors thickness / varis-
tors / ion-implanted resistors / deposited film resistors / diffused semiconductor resistors /
Special-Purpose Resistors

are classified into two general categories: and
Semiconductor resistors use the bulk resistivity of doped semiconductor re-
gions to obtain the desired resistance value. Deposited film resistors are formed by depositing
resistance films on an insulating substrate which are etched and patterned to form the desired
resistive network.

Depending on the and dimensions of the deposited films, the resistors
are classified into thick-film and thin-film resistors.

Semiconductor resistors can be divided into four types: diffused, bulk, pinched, and
ion-implanted.

use resistivity of the diffused region in the semiconductor substrate to
introduce a resistance in the circuit. Both n-type and p-type diffusions are used to form the
diffused resistor.

A bulk resistor uses the bulk resistivity of the semiconductor to introduce a resistance
into the circuit.

are formed by reducing the effective cross-sectional area of diffused
resistors. The reduced cross section of the diffused length results in extremely high sheet re-
sistivities from ordinary diffused resistors.

are formed by implanting ions on the semiconductor surface by bom-
barding the silicon lattice with high-energy ions. The implanted ions lie in a very shallow lay-
er along the surface (0.1 to 0.8 mm). For similar thicknesses ion-implanted resistors yield
sheet resistivities 20 times greater than diffused resistors.

are voltage-dependent resistors that show a high degree of nonlineari-
ty between their resistance value and applied voltage. They are composed of a nonhomogene-
ous material that provides a rectifying action. are used for protection of elec-
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tronic circuits, semiconductor components, collectors of motors, and relay contacts against
over voltage.

Ex. 8. Consult a dictionary, find all the terms you need and try to describe the
schemes below. You can use the following words: to divide, to subdivide, to connect, to
interconnect, to form, to include, to consist and others.

ITIOIVIIPOBO JHIIKOBLBIE PESIICTOPBI

JIHHelHbIe D Bapuctopel
PEe3HCTOPEI

Tepmo- Tenso-
PEZHCTOPBI - * pesucTopel
¢ o

TepnmcTopsl doto-
- ™ pesHCcTOpBI

'l

g B

ITosHCcTOpBI

PesuncTopbl (cuctema knaccudukawmm)
[ \

Mo xapakTepy Mo cnocoby Mo matepuany Mo HasHaueHuIo
N3MeHeHMs 3aLLMTh PE3NCTUBHOMO |
COMNpOTUBIEHNS PE3NCTUBHOIO aneMeHTa
| | Obwero
| Ha3Ha4eHns
MoCTOSHHbIE HeusonupoBaHHble [MpoBONOYHbIE |
| [ I [peunsnoHHbIe
MepemenHble V13on1poBaHHble HenpoBornoyHble |
| ' ! BbICOKOYACTOTHbIE
l'epmeTu3npoBaHHble | | MeTannodgonbrosble ,
lMoacTpoeyHble
I BbICOKOBOMbTHbIE
BakyymHble I
BbicokomeraomHble
I
MwukpomozynbHble
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Chip Varistors
Countermeasure for surge voltage and static electricity

AVR series

Type: AVR-M
AVRL
Issue date: September 2011
&T0
FEATURES INTERNAL STRUCTURE
* Mo polarity, due to symmetrical current-voltage characteristics. Inner electrode Varistor body
Equivalent to anode common type Zener diode. (Palladium) (Zinc Oxide: Znd semiconductor ceramics)
+ Excellent electrostatic absorption capability. .
Response is as good or better than Zener diode. Sn plating
Keeps symmetrical current-voltage characteristics even after Ag f;“;;m —
u Br
electrostatic absorption. ) Y .
* Adopted the inner electrodes lamination structure. i plating
Wide range of varistor voltages are available in series (6.8 to
39V). CIRCUITS
Low capacitance items are available in series (1.1pF o). SINGLE TYPE ARRAY TYPE
World's smallest 0603-, 1005-, 1608-, 2012-chip types and o
1410-array type are available in series. !
+ Excellent mount reliability. Good for Fb-free soldaring. |
Adopted (NifSn) electroplating. T
Achieved good solderability and solder heat resistance.
+ Can replace a Zener dicde + capacitor combination. OPERATIONAL VOLTAGE RANGES
Reduced footprint and total mounting cost.
0603 type 75
1005
APPLICATIONS e p
] ) 1608 type 28
. Elaac:trost_atlc ahsorp?lnn 2012 type a8
+ Pulse noise absorption 1410 type 16
1] 5 10 15 20 25 a0
TEMPERATURE RANGES Circuit voltage(V)
Typa AVR-M1005/1808/2012 AVR-M14A20603/AVAL
Operating —40 to +135°C —40 to +85°C RECOMMENDED REFLOW SOLDERING CONDITIONS
Storage —40 to +125°C —40 1o +85°C
APPLICATION EXAMPLES 105 max.
Consumer product Application 260°C max. 1
Mobile phone Data terminal ELI Matural
Digital video camera  LCD panel |250°C cooling
Digital camera Touch pansl
PFDA Button and switch unit 180°C
MNata PC Battery terminal —
CWD-ROM, CO-AOM Audio-Video input-output terminal 150°C
COMDVMP3 player Microphonefreceiver unit ) )
Game maching Controller unit Preheating Soldering
CAN-BUS 60 to 1208 Bs max.
ECU

T
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DEFINITION OF SYMBOLS (SEE FIGS 11, 12, 13 AND 14)

Symbol Description

applied peak pulse power

v b

>

max maximum permissible peak pulse power (Fig.| |)

\A/i applied peak pulse voltage (Figs |13 and 14)

Vi ax maximum permissible peak pulse voltage (Fig.|2)
Rnom nominal resistance value

L pulse duration (rectangular pulses)

tp pulse repetition time

T time constant (exponential pulses)

Tamb ambient temperature

Tm(max) maximum hot-spot temperature of the resistor

llepemenHnble pe3uctopbl Bourns®

U3HocoycTouMBOCTD 50 TiC. UNKNOB OcobexHocTn
PesucTUBHBIASNEMERT  RIN I e e S - MpoBoAAWMii NacTik

Bbikniouatens (TaHpapTHbIA NOBOPOTHbIIA - MevarHbiil 1 HaBeCHOH MOHTaX
Yucno cerumii 2 - lnactuxosbie Ban u pesbiosas BTyNKa Ha Kopnyce

Oukcauua Her - Bblaep1BaET TMNOBbIE NPOMBILNEHHbIE NPOLIECCb] MOMKK

Paboyas Temneparypa |RElRECRVANS - KomnakTHbiii Kopryc
Mouwtocts 0.25Br - Hanuune mopeneii c norapudmmuyeckoil xapakTepuctukoii

JukeiiHocTb +5% « UmetoTca BapuaHTLI MCNONHEHNA, COOTBETCTBYIOLLME
Aupextuee RoHS

U3HocoycToitumeocTb 100 ThIC. LUKNOB OcobenHocTh

TG ) T TpoBoaLuiii nacTvk = JluHeiiHanA u norapudmuyeckan XapakTepucTikn
Buikniouatenb Her = LLIupokmii AManasoH conpoTUBNEHMI

Yucno cexumii 1 - MunumanbHas rnybuta kopnyca
Onkcayna Her « Xopowee pazpeiwexne

o f0...+125° - UMetoTcA BapHaHTbI UCTONHEH IS, COOTBETCTBYIOLLHE

MotwyHocTb 05...1.0B1 AvpexThge RoHS

JlnHeitHoCTb +10%
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MODULE 4. CONDUCTORS AND INSULATORS

Every material in the world can be
defined in terms of how well it conducts
electricity. Certain things, such as cold
glass, never conduct electricity. They're
known as insulators. Materials which do
conduct electricity are called conductors.
Semiconductors don't conduct as well as
conductors, but can carry current. Super-
conductors are materials which when brought down to very low temperatures turn
into superhighways of current and conduct electricity without any resistance.

This power adapter uses metal wires and connectors to conduct electricity
from the wall socket to a laptop computer. The conducting wires allow electrons to
move freely through the cables, which are shielded by rubber and plastic. These ma-
terials act as insulators that don’t allow electric charge to escape outward.

Ex. 1. Challenge. Do you think the following items are more likely conductors or
insulators?

y

Eraser Metal Pen Paper Envelope

0 Conductor 0 Insulator 0 Conductor O Insulator 00 Conductor O Insulator

¥

Pencil Paper Clip -
Chalk
0 Conductor O Insulator 0 Conductor 0O Insulator 0 Conductor O Insulator

A\

Spoon Nail

0 Conductor 0O Insulator O Conductor 0O Insulator O Conductor 0O Insulator

Ex. 2. Look through the text C below and find international words.
Ex. 3. Work with a dictionary and translate the following words:

substance relative
bound (v) collide

Ex. 4. Find the words in a bold type in the text C and explain them in English.
You are going to read a text, suggest the content of the text.



Ex. 5. Read the text and compare your suggestions with the information from the
text C.

Text C

Some substances, such as metals and salty water, allow charges to move through them
with relative ease. Some of the electrons in metals and similar conductors are not bound to
individual atoms or sites in the material. These free electrons can move through the material
much as air moves through loose sand. Any substance that has free electrons and allows
charge to move relatively freely through it is called a conductor. The moving electrons may
collide with fixed atoms and molecules, losing some energy, but they can move in a conduc-
tor. Superconductors allow the movement of charge without any loss of energy. Salty water
and other similar conducting materials contain free ions that can move through them.

Other substances, such as glass, do not allow charges to move through them. These are
called insulators. Electrons and ions in insulators are bound in the structure and cannot move
easily. Pure water and dry table salt are insulators, for example, but molten salt and salty wa-
ter are conductors.

Ex. 6. How many parts can the text be divided?

Ex. 7. Suggest the titles to them.

Ex. 8. Close your books and try to sum up the content.
Ex. 9. Put all possible questions to the sentence in Italics.

Ex. 10. Study the following specifications and translate them into Russian.

Detailed Specifications & Technical Data BELDEN

ENGLISH MEASUREMENT VERSION

1583A Multi-Conductor - Category 5e Nonbonded-Pair Cable

For more Information
please call

1-800-Beldeni

Mechanical Characteristics (Overall)

Storage Tempearatura Range: =20°C To +75°C
Installation Temperature Range: 0°C To +60°C
Operating Temperaturs Range: =20°C To +60°C
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TECHNICAL DATA SHEET

FERRET ACSR CONDUCTOR
[ Date of issue: 19/03/03 | [ Specification: IEC 61089 |

Stranding and wire diameter mm 6/1/3.00
Diameter over steel mm 3.00
Overall diameter mm 2.00
Aluminium area mm? 4241
Steel area mm? 7.07
Total Area mm? 49.48
Aluminium mass kg/km 117.0
Steel mass kg/km 55.60
Total mass kg/km 173.0
D.C. Resistance at 20°C ohms/km 0.6766
Ultimate tensile strength newtons 15200
Breaking load kg 1530
Coefficient of expansion per°Cx 10-6 19.31
Initial modulus of elasticity N/mm? 50200
Final modulus of elasticity N/mm? 80400
Current rating A 210

Conditions, under which the above Current Rating applies are:

Max. operating temperature 75°C
Ambient Temperature 30°C
Wind speed 0.44m/s
Solar radiation 0.089 W.cm-?
Conductor - Black and exposed to Sun

Ex. 11. Translate into English.

1) U3onarop (wim AUAIEKTPUK) — TEJIO, HE COAEprKalliee BHYTPU CBOOOIHBIE JIEKTPH-
yeckue 3apanbl. 2) B u3onsTopax snexkTpuueckuil TOK HeBo3MoxkeH. 3) K muanexrpukam
MOKHO OTHECTH: CTEKJIO, IUIACTHUK, PE3UHY, KapTOH, BO3AYX. Tena, U3rOTOBJICHHBIE U3 NIH-
AIEKTPUKOB, HA3BIBAIOT U30JIsTOpaMu. 4) AOGCOITIOTHO HEMPOBOISINAS KUIAKOCTD — JUCTHILIH-
pOBaHHasi, T.€. OUMIIEHHAas BOJa, Jr00as Jpyras Boja (BOJOMPOBOIHAS WIM MOpPCKas) Coaep-
KUT KaKO€-TO KOJIMYECTBO IPUMECEH U SIBIISIETCS TPOBOJHUKOM.

Ex. 12. At home surf the internet, find some insulator specifications written in
English and then translate the following insulator specification into English.

TexHu4yeckue napameTpbl

B ﬁ_" v g BeigepruBaemoe Boigepsmsaemoe
. == PacueTHas I=2'::: MuHnmanbHoe HanpakeHue HanpaweHne npu
Tun E = E MEXaHMYecKan [ z 8 E paccrosHne Toka rpozoBoro NPOMbILLNEHHOI YacToTe,
; 3 -] Harpyska, kH g E E. YTEUKMN, MM umMnynbca, 2KB BNAKHOE COCTOAHME, 2KB
= (nukoBoe) (cpeaHekBagpaTuHoe)
1 12 5 290 195 315 100 45
e 2 12 5 270 195 315 100 45
3 15 5 310 215 450 120 50
i A 4 15 5 290 215 450 120 50
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MODULE 5. CAPACITORS

Half Full or Half Empty? Thoughts on Capacity.

If you put a pint of liquid info a quart pot, the optimist will
declare it half full, but on the other hand the pessimist will com-
plain that it's half empty. Engineers, on the gripping hand, know
that the glass is too large.

Ex. 1. Translate the words below without a dictionary.

Electrolytic, dielectric, equivalent, concentrate, material, Farad, coulomb, term, re-
gion, combination, object, physical, pulsating, vector, sum, inductive, magnetized, identical,
identification, process, context, linguistic, morphological, syntactic and lexical processes.

Ex. 2. Find the proper Russian equivalents for the following English sentences
and phrases.

1) Revolutionary changes in tube design.

2) Practical minor-aperture size.

3) We have found it practical.

4) Integrated circuits and memory chips are burned onto crystalline silicon.
5) To open new horizons for exploration.

Ex. 3. Find the proper Russian equivalents for the following English terms:

unlike restricted the same capacitor
dielectric discharge insulation potential difference
regain capacitance plate

1) koHaeHcaTop; 2) pa3HbIi, OTIUYHBIN, HETIOX0XKUM; 3) aHOJ, TuIacTUHA; 4) paspsa,
paspskathb; 5) TUAIEKTPUK, HEPOBOAHUK; 6) M30JIALMUs; 7) pa3HOCTh MOTEHIMAJIOB; §) BOC-
CTaHaBJIMBATh; 9) oguHakoBbIl; 10) eMkocTh; 11) y3kuil, orpaHU4EHHBII.

Ex. 4. Choose two terms from Ex. 3 and explain them to your group mates so
that they could guess them.

Ex. 5. Work with a dictionary and find out if there is any difference between ca-
pacitance and capacity.

Ex. 6. Read and guess the meaning of the following words and word combina-
tions:

capacitance balance, Capacitance Bridge, capacitance coefficient, capacitance cou-
pling, capacitance current, capacitance element.
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Ex. 7. Search for the words of Ex. 2
CAPACITORESTRICTEDIELECTRICAPACITOREGAINEGATIVE

Ex. 8. Complete the sentences with a word from the box below.

insulation / discharge / capacitance / potential difference / discharge dielectric
charge / plates / restricted

1) Access is severely (mid july to mid aug).

2) also depends on the constant of the substance separat-
ing the plates.

3) Electric in gases occurs when electric current flows through a gase-
ous medium. Depending on several factors, the may radiate visible light.

4) An easy way to accelerate a is to allow it to move through a

5) The distance between the capacitor can be changed.

6) Electrical is the absence of electrical conduction.

Ex. 9. What knowledge have you got about capacitor?

In October 1745, Ewald Georg von Kleist of Pomerania in
Germany found that charge could be stored by connecting a high-
voltage electrostatic generator by a wire to a volume of water in a
hand-held glass jar. Von Kleist's hand and the water acted as conduc-
tors, and the jar as a dielectric. Von Kleist found, after removing the
generator that touching the wire resulted in a painful spark. The fol-
lowing year, the Dutch physicist Pieter van Musschenbroek invented
a similar capacitor, which was named the Leyden jar, after the Uni-
versity of Leiden where he worked. .

Ex. 10. Look through the text D quickly and say: What is capacitance?
Ex. 11. What do the following uppercase letters W, F, V, C, and J stand for?

Ex. 12. Read the text.

Text D

If a potential difference is found between two points, an electric field exists that is the
result of the separation of unlike charges. The strength of the field will depend on the amount
the charges have been separated. Capacitance is the concept of energy storage in an electric
field and is restricted to the area, shape, and spacing of the capacitor plates and the property of
the material separating them. When electrical current flows into a capacitor, a force is estab-
lished between two parallel plates separated by a dielectric. This energy is stored and re-
mains even after the input is removed. By connecting a conductor (a resistor, hard wire, or
even air) across the capacitor, the charged capacitor can regain electron balance, that is, dis-
charge its stored energy. The work necessary to transport a unit charge from one plate to the
other is e = kg, where e = volts expressing energy per unit charge, g = coulombs of charge al-
ready transported, and k& = proportionality factor between work necessary to carry a unit
charge between the two plates and charge already transported. It is equal to 1/C, where C is
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the capacitance, F. The energy stored in a capacitor is: W = energy, J; C = capacitance, F; and
V' = applied voltage, V.
Ex. 13. Complete the following sentences:

1) The strength of the field will depend on ...
2) Capacitance is the concept of energy storage in an electric field and is restricted

to...

3) An electric field exists if...

4) When electrical current flows into a capacitor...

5) By connecting a conductor (a resistor, hard wire, or even air) across the capaci-
tor...

Ex. 14. Put all possible Wh-questions to the sentence in italics. Be ready to answer
the questions.

1) What does the separation of unlike charges result in?

2) What is capacitance?

3) What is established between two parallel plates separated by a dielectric when
electrical current flows into a capacitor?

4) In what way can the charged capacitor regain its electron balance?

Ex. 15. Translate into English.

Ecnu aByM M30IMPOBAaHHBIM JIpyT OT ApPYyTa MPOBOJHUKAM COOOIIUTH 3apsibl ¢ U a2,
TO MCXKAY HUMHU BO3HHUKACT HCKOTOpAsd PAa3HOCTH IMOTCHLUAIOB A(p, 3aBUcCiAIIasg OT BEIWMYHUH
3apsiIoB U T€OMETPHUM MPOBOJHUKOB. Pa3HOCTh MOTEeHUManoB A@ MEXAy ABYMs TOYKAMU B
JIEKTPUICCKOM TI0JIC YaCTO HA3BIBAIOT HAMpsDKEHUEM M 0003Ha4aroT OykBout U. Hamboib-
M PaKTUYECKUI UHTEpEC MPECTABISAET ClIydail, KOraa 3apsabl IPOBOJHUKOB OJMHAKOBBI
M0 MOAYJIO U IIPOTUBOIIOJIOKHEI I10 3HAKY: ¢1 = -¢2 = (. B sTom CJIy4ac MOXHO BBCCTH ITOHA-
THE AIEKTPUUECKON €eMKOCTH.

SHGKTPOGMKOCTI)IO CHUCTCMBI U3 JIBYX IMPOBOAHUKOB HA3bIBACTCA (1)I/I3I/I‘I€CK3,$I BEINYN-
Ha, ompejessieMasl Kak OTHOIIEHHUE 3apsi/ia ¢ OJHOTO M3 MPOBOAHUKOB K pa3HOCTH MOTEHIIMA-
J0B A@ Mexay HUMU. EnnHuna 31ekTpoeMKocTH — dapa.

Ex. 16. Explain the types of capacitors connection.

i1 1 5] C

—dh g

L
|

[+,
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MODULE 6. INDUCTORS
Unit 6.1. Fundamentals

US scientist Joseph Henry (1797-1878) invented his “electro-
magnet” consisting of many turns of wire coiled around various iron
shapes. His familiar “horse shoe” magnet could be connected to a bat-
tery and used to pick up small magnetic objects and release them
when the current flow was interrupted by an open switch. Joseph Hen-
ry used this principle to also operate a second switch that could inter-
rupt an even larger current flow demonstrating the principle of a “relay’.
Samuel Morse, it is said, later swiped this invention to patent it as one
of his own in the invention of the telegraph, also using electro-magnets.
It appears that Joseph Henry did not contest this patent but went on
make further discoveries in electro-magnetism based on concepts of
self-induction, mutual induction (e.g. as used in transformers) and the
first electric motor.

Ex. 1. Translate the words below without a dictionary.

Kapeepa, MyHUIIMNANbHBIA, XUMHUYECKHH, OUONOTHS, DKOJIOTHSA, KaHAJ, JWHAMUKA,
CTajlb, CUCTEMA, CTATUCTHUKA, TUCIUTIIINHA, KOJI, IPUPOIHBIN pecypc, KOMIBIOTEP, MEXaHUYe-
CKHI1, MATEMaTHK, JEMOHCTPUPOBATh, CUTHAII, PAJINYC.

Ex. 2. Read the following words and define their part of speech where it is possible:

Induct | Induct + ance Induct + or Induct + ive Induc + tion
Store Stor + ed Stor + age Stor + ing Stor + able
Insert Inser + tion Insert + ing Insert + ed

Ex. 3. Translate the following words and word combinations:

induction — mutual inductance — total inductance — inductance measurement — induct-
ance meter — inductible — self-inductance.

Ex. 4. Work with a dictionary, translate the following terms and match A with B,
pay attention that each word should have only one Russian equivalent. Check up your an-
swers. At home memorize the terms.

storage lag coil impedance | inductor wave
turn (n) winding choke therefore sine (adj) | coupled
core insertion loss | inductive reactance equation

1) BuTOK; 2) cepaeynuk; 3) oOMoTKa; 4) TakuM 00pazoM; 5) KaTyIka UHIyKTUBHOCTH;
6) TOJIHOE COMPOTHBIICHUE; 7) 3aCIOHKA/3ariyIlka/Ipoccenb; 8) XpaHEHHEe, COXpaHCHHE,
9) BonHa; 10) orcraBaTh; 3ama3apiBaTh; 11) MHAYKTUBHOE COMPOTHUBIICHHE; 12) ypaBHEHHE;
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13) xarymka; 14) cunycouansiii; 15) cBsi3anHbple (Hamp. 0 KoJaeOaHMIX), CBSI3aHHBIN, COCIU-
HEHHBIN, CIIETUICHHBIN; 16) BHOCHUMOE 3aTyXaHUue, BHOCUMBIE ITOTEPH.

Ex. 5. Study the following information from a capacitor specification datasheet.

Capacitor Parameters

Capacitors have five parameters. Capacitance (Farads), Tolerance (%), Maximum
Woerking Voltage (Volts), Surge Veltage (Volts) and leakage. Because a Faradis a
very large unit, most capacitors are normally measured in the ranges of pico, nano
and micro farads.

Surge Voltages

The maximum instantaneous voltage a capacitor can withstand. If the surge
voltage is exceeded over too long a period there is a very good chance that the
capacitor will be destroyed by the voltage 'punching’ through the insulating material
inside the casing of the capacitor. If a circuit has a surging characteristic, choose a
capacitor with a high rated surge voltage.

Leakage

Refers to the amount of charge that is lost when the capacitor has a voltage across its
wrminals. If a capacitor has a iow leakage it means that very litke power is losL
Generally leakage is very small and is not normally a consideration for general
purpose crcuits.

Tolerance
As with resistors, tolerance indicates how close the capacitor is to its noted value.
These are normally written on the larger capacitors and encoded on the small ones

Coada Talaranca Coda Talaranca
c +0.25pF D *0.5pF
E +=1pF G +295
J =+ 5% K +10%
L 4159, M +20%
N *30%

Capacitor Markings

Therg arge a two methods for marking capaciior values, One is 1o write the
information numerically directly onto the capacitor itself. The second is to use the
ElA coding System.

Ex. 6. Circle the words.

Qujo|c (oju|pP|L |[E|D A |F |E |A|O
A|F|B/H |K|T|QJE [J |JA |K|O |W|T|D
E|/R|C|O |I |[L]O|W]|I |[R |E |I A |I |E
VIS |DK|L|B|I |[V|N|S |L |E |V B]|Q
I INJS|E |[R]IT [EJS |O|S |I [N |E |[A]|U
NIAIB|W|VIN|E|T |[C|]L [M|Q |E |UJA
D|J |I [P J[/U|S|V|O |B|N |P |[Z |[C |N|T
U|IL|O|S [S|E|B|R [S|G |E |J |O |Q]I
C/IA|U[Z OIR|Q|A |[E|T |D|N|IT |E]|O
T|G|I |[AJA|T|O|G |[V|]O |A|W|N [B|N
I |A|G|D I |T |[E|JE |A|JL I[N |U |Q |R]|O
V|O|C|F |[H|O|J |L [P | W |C | X |I |[S|N
E/H/B|W|I IN|ID|I [IN|G |E |Z |P [K|E
FIDI YR/ AIKIB/M|O]Y |[K|O |G |L]|I
R|IEJA|C |[T]A|N|C |E|C |A|T |U |[R|N

W
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Ex. 7. Find antonyms:

Word A Translation Word B Translation
passive in series
increase unlike
charge multiply
the same reduce
in parallel active
divide discharge

Ex. 8. Choose 2 terms from Ex. 4 and try to explain them.

Ex. 9. Look through the text quickly and say: What is inductance used for? How
can one get inductance increase? How can one reduce inductance? What is an inductor?
Are there any perfect inductors? What are they?

Ex. 10. Read the text carefully.

An inductor (also choke, coil or reactor) is a passive electronic component that stores
energy in the form of a magnetic field. In its simplest form, an inductor consists of a wire loop
or coil. The inductance is directly proportional to the number of turns in the coil. Inductance
also depends on the radius of the coil and on the type of material around which the coil is
wound. For a given coil radius and number of turns, air cores result in the least inductance.

Inductance is used for the storage of magnetic energy. Magnetic energy is stored as
long as current keeps flowing through the inductor. In a perfect inductor, the current of a sine
wave lags the voltage by 90°.

The type of wire used for its construction does not affect the inductance of a coil. O of
the coil will be governed by the resistance of the wire. Therefore coils wound with silver or
gold wire have the highest O for a given design.

To increase inductance, inductors are connected in series. The total inductance will
always be greater than the largest inductor. L T=L1 + L2 +-- -+ Ln.

To reduce inductance, inductors are connected in parallel. The total inductance will
always be less than the value of the lowest inductor.

Mutual inductance is the property that exists between two conductors carrying current
when their magnetic lines of force link together.

The coupled inductance can be also determined by the following equations.

In series with fields aiding, L 7= L1 + L2 + 2M.

In series with fields opposing, L T=L1+L 2 -2M.

Where L T = total inductance, H; L1 and L2 = inductances of the individual coils, H;
and M = mutual inductance, H.

Ex. 11. Complete the sentences with a word from the box below.

storage (2) / coil / wire / winding/ inductive reactance / equation / insertion loss / coil

1) Computer data , often called or memory, is a technology
consisting of computer components and recording media used to retain digital data. (1)

2) -wound resistors are made by of nickel-
chromium alloy on a ceramic tube covering with a vitreous coating. (2)

3) You attach an inductance meter to the and see what the inductance of
the is.
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4) Mathematical statement that asserts the equality of two expressions is

5) is an opposition to the change of current on an inductive element.

6) In telecommunications, is the loss of signal power resulting from the
insertion of a device in a transmission line or optical fiber and is usually expressed in decibels.

Unit 6.2. Coil Inductance

o= PR Let's say you take a coil of wire perhaps 6 feet
" '_ ﬂ 8 n (2 meters) in diameter, containing five or six loops of wire.
@u @ You cut some grooves in a road and place the coil in the
L o grooves. You attach an inductance meter to the coil and
# "{% ﬁ see what the inductance of the coil is. Now you park a car
i = over the coil and check the inductance again. The induct-
an ¢ » 'f ? ance will be much larger because of the large steel object
S8 S positioned in the loop's magnetic field. The car parked
over the coil is acting like the core of the inductor, and its
presence changes the inductance of the coil. Most traffic light sensors use the loop in
this way. The sensor constantly tests the inductance of the loop in the road, and
when the inductance rises it knows there is a car waiting!

Ex. 1. Work with a dictionary, translate the following terms and match A with B.
Check up your answers. At home memorize the terms.

velocity angle multiply flux

permeability screw per inch

1) mpoHHIIa€MOCTh, MPOXOAUMOCTB; 2) CKOPOCTh; 3) yMHOXaTbh; 4) MOTOK; 5) BHUHT,
IypyT, CKpy4uBath; 6) aroiM; 7) u3 pacuéra Ha, 3a, B; §) yroJ.

Ex. 2. Match a word with its definition:

Word Definition

1) Flux A) the speed of something in a given direction

2) Permeability | B) for each (used with units to express a rate)

3) Core C) increase or cause to increase greatly in number or quantity

4) Velocity D) a corner, especially an external projection or an internal recess of a
part of a building or other structure

5) Per E) a quantity measuring the influence of a substance on the magnetic flux
in the region it occupies

6) Screw F) a unit of linear measure equal to one twelfth of a foot (2.54 cm)

7) Multiply G) a piece of soft iron forming the centre of an electromagnet or an in-
duction coil

8) Angle H) the rate of flow of a fluid, radiant energy, or particles across a given
area/the action or process of flowing or flowing out

9) Inch I) a short, slender, sharp-pointed metal pin with a raised helical thread
running around it and a slotted head, used to join things together by being
rotated so that it pierces wood or other material and is held tightly in place
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Ex. 3. Translate the following phrases:

per second, per head, per hour, per day, per mil, per mile, per month, per unit, per
year, per inch.

Ex. 4. What do the abbreviations mmf and emf stand for? If you don’t know the
right answer look it for in the text below.

Ex. 5. Read the text below and answer the questions:

1) How does an air gap influence upon the inductance?

2) What connection is there between:

¢ the permeability of the core material and the inductance;
e a shorted turn and the inductance;

o the length of the winding and the inductance?

Coil Inductance

Inductance is related to the turns in a coil as follows:

1) The inductance is proportional to the square of the turns.

2) The inductance increases as the length of the winding is increased.

3) A shorted turn decreases the inductance, affects the frequency response, and in-
creases the insertion loss.

4) The inductance increases as the permeability of the core material increases.

5) The inductance increases with an increase in the cross-sectional area of the core ma-
terial.

6) Inductance is increased by inserting an iron core into the coil.

7) Introducing an air gap into a choke reduces the inductance.

The maximum voltage induced in a conductor moving in a magnetic field is propor-
tional to the number of magnetic lines of force cut by that conductor. When a conductor
moves parallel to the lines of force, it cuts no lines of force, therefore, no current is generated
in the conductor. A conductor that moves at right angles to the lines of force cuts the maxi-
mum number of lines per inch per second, therefore, creating a maximum voltage.

The right-hand rule determines direction of the induced electromotive force (emf). The
emf is in the direction in which the axis of a right-hand screw, when turned with the velocity
vector, moves through the smallest angle toward the flux density vector.

The magnetomotive force (mmf) in ampere-turns produced by a coil is found by mul-
tiplying the number of turns of wire in the coil by the current flowing through it.

Ex. 6. Put all possible questions to the underlined sentence.

Ex. 7. Translate from Russian into English.

Karymika MHIyKTUBHOCTH — 3TO AJIEMEHT, BHOCSIIUN B IEMb OMpee-
JICHHYIO MTOCTOSIHHYIO MJIM PETYJIHPYEeMyI0 HHAYKTUBHOCTh. KaTymky nHIyK-
TUBHOCTH YaCTO BBITIOJIHSIOT HABUBKOW MPOBOJIOKU HA KOPITYC, CIICTaHHBIN U3
n3onsTopa. HaBuBka MOXKET OBITH OJHO- WJIM MHOTOCHOWHOW. Karymku
OBIBAIOT BO3MYMIHBIMH (0€3CepACUHUKOBBIMH) JTMOO ¢ MATHUTHBIM CEpPJICYHHU-
koM. KaTymku WHAYKTHUBHOCTH B OCHOBHOM XapaKTEPHU3YIOTCS CICAYIONIMMU ITapaMeTpaMu:
UHIyKTUBHOCTBIO U JJOOPOTHOCTHIO.
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OcHOBHOU enuHUIECH WHAYKTUBHOCTH siBisieTcs reHpu (['H). Yame wucmonp3yior B
TBICSIUY pa3 MEHbIIYIO €AMHUIlY, Ha3blBaeMyl0 MUJUIMreHpu (MI'H), 1 B MUJIMOH pa3 MEHb-
yro — MUKporeHpu (Ml H).

NHIyKTUBHOCTH KaTyIIKU BO3PACTacT C yBEIUYCHUEM €€ Pa3MEpPOB U UYUCIIA BUTKOB.
Bozayuineie KaTylmikd UMEIOT UHAYKTUBHOCTh OT 1 ['H 10 HECKOJIBKUX NECATKOB MWJLIUTEH-
pu. Bonsmue 3nHa4yeHus UHAYKTHUBHOCTU (;[axce HECKOJBKO ThICAY I‘erI/I) MmoJIy4aroT, Korjga
KaTyIIKH UHAYKTUBHOCTH BBIMOJHSIOT HAa (DEpPOMarHUTHBIX CTEPXKHSIX. PerynupoBka MHIYK-
TUBHOCTH YallC¢ BCCTO BBIMMOJHACTCA IMCPEMCIICHUCM CCPACUYHHNKA OTHOCUTCIIbHO HABHUBKU
(Hampumep, MyTeM BBOPAuMBaHUS WM BHIBOPAYMBAHUS CEpJCUHNUKA OTBEPTKOM).

MODULE 7. P-N JUNCTION

| In 1956, in a Stockholm concert hall, three American scien-
. tists, John Bardeen, William Shockley, and Walter Brattain, received
" the Nobel prize “for research in semiconductors and the discovery of
transistor effect”. This represented a major breakthrough in physics,
and ensured their names would be forever etched in the history of
science. However, they were not the only ones to carry out such re-
search. Fifteen years earlier, at the beginning of 1941, a young sci-
entist called Vadim Lashkaryov published an article describing how
two sides of a “barrier layer’, located parallel to the interface be-
tween copper and cuprous oxide, would exhibit opposite signs of charge carriers. Af-
terwards, this discovery would be named “p-n junction” (p for “positive”, n for “nega-
tive”), and be the phenomenon underpinning the scientific breakthrough for which the
Americans were awarded the Nobel prize. In addition, Lashkaryov’s article revealed
the injection mechanism, a crucial phenomenon providing the operational basis of
semiconductor diodes and transistors. Unfortunately, Lashkaryov’s research did not
reach the West and so he did not receive the credit that his work deserved.

Ex. 1. Translate the following words without a dictionary. Check up your trans-
lation.

®opmupoBaTh, THII, KPUCTAI, HOH, MaTepuall, TPAH3UCTOP, OUIOISAPHBIN, OJIOK, dJe-
MEHTapHbIH, AMOA, POJIb, YIPABIATh (MAHUIYJIMPOBATE), SMMUTAKCUS, IEKTPOHHOE YCTPOH-
CTBO, CIELUAJIbHBIN, TPOBOJAUMBIHN, IIOTOK JIEKTPUYECTBA.

Ex. 2. Match a word with its translation, check it up, and memorize them at
home.

junction fusion p-n junction diffusion utility epitaxy

diffusion solar cell dopant to dope hence boundary

diode

to deplete to scatter p-doped semi- | n-doped semi- | forward bias | reverse bias
conductor conductor
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1) paccenBaTh; 2) AIEKTPOHHO-ABIPOUHBIHN Tiepexo; 3) mudy3uoHHbld nuom; 4) mu-
Takcus; 5) rpaHuna; 6) npuMech (JETUPYIOLIUI AIEMEHT); 7) JIETUPOBaTh; §) NPSMOE CMEILle-
Hue; 9) nuddysus; 10) moaynpoBOAHUK C IHIPOYHON MPOBOAUMOCTHIO; 11) MOIyITpOBOIHUK C
AIIEKTPOHHON MPOBOANMOCTEIO; 12) ahdexTuBHOCTE; 13) cnenoBatenbHo; 14) hoToransBanu-
YeCKHi 3jeMeHT; 15) ucromarh, ucuepnsiBaTh; 16) cruaBinenue; 17) oOpaTHOE cMeleHuUe,

18) coenunenue-nepexo/.

Ex. 3. Using the following prefixes and affixes, form the derivatives of the verbs.

-er/or -ive -tion -ant/ent -ing -sion -able -ible -ed semi-

Consume

Conduct

Scatter

Implant

Dope

Diffuse

Ex. 4. Translate the following words, word combinations and phrases.

to inhibit utility, solar cell, p-n junction, in a single crystal, by scattering the electrons
and holes, bipolar junction transistors, to have useful applications, diffusion of dopants, ion

implantation.

Ex. 5. Study some information.

© OO0 00Q0
OOO @o]o)
QO OO0

p-tvpe material

Semiconductor material
doped with acceptors.

Material has high hole
concentration

Concentration of free
electrons in p-type material
is very low.

®000Q0
O"O®O00®
OO0 O 000

n-tvpe material

Semiconductor material
doped with donors.

Material has high
concentration of free
electrons.

Concentration of holes in
n-type material is very
low.
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Ex. 6. Circle 25 words.

D | I F | F|U/[|S I |O|N|D|T|]O|DJE|H
I p DO P|E|D|C|E|L/|C|C|]L]|L]|E
F|L|]O|W|K]|S I |O|N|D|T|O|DJE]|S
FI|IC|/H|]T | N|H ] T | BT |]T|]L]TI]J]K|]C]|]C
U/ B|O|A|/R|{H|E|D|L]|]CJ|JE|L]J|T]|A
S{|O|]L]A|JR|]C]JE|L|]L|X|P| M|]UJR|T
I U  E| B/ H|E|L|W|H|R|N|H|N|JO|T
OINIW|]T | K| WIEIM|E|W|]J|A]C]|N|E
N/ D O|P|]E|D|C|O|N|D|U|]C|T|O]|R
HIAJE|]O|P|O|K|X|C|]C|N]O|I|K]|E
AJR/IA]L]T|P|C|]V]E]L|]C]R]O|JC]|S
LI Y| X|A|T|A|H|T|V]|F|TJ|E]|N]|]X]|I
IO N|IRIA|N|JU|T|T|L]T|T]Y]O]|S
EIX|E| V| X| T MK A|J]U]O|G|O|K|T
H M|C|R|]Y|S|TJ|]A|L]|]X|N|V]|A|H]|E
Ex. 7. Describe the picture below.
Depletlion

Region

p

p-n

.. Conduction band oo

T EFerde R R R Rt R RN

junction

Ex. 8. Fill in the blankets with a word from the box.

hole / p-type / semiconductor regions / The dopants / A p-n junction / n-type / acceptor

anode

Xg
p-type <——= n-type

| :
1 |
E : cathode
- |
! 1
1 1
1 |
s 1
p =N, : | 7 =N
|
X
| [ | >
-W X, 0 X, W,
N
N
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consists of two
with opposite doping type.
The region on the left is
with an acceptor density Na, while the
region on the right is with a
donor density Nd. are as-
sumed to be shallow, so that the electron
( ) density in the n-type
(p-type) region is approximately equal to
the donor ( ) density.



Ex. 9. Guess: what does the abbreviation LED stand for?

Ex. 10. Look through the text below, find the words in bold and explain their
meaning in English.

Ex. 11. Read the text quickly and say if the statements below are true, false or the
text doesn’t say this information:

e A p-n junction is a boundary between p-type and n-type material in a semiconductor
device.
e Various types of semiconductor devices are based on p-n junctions.

Ex. 12. Read the text and answer the questions: “What is a p-n junction and why
is it important in electronics?”

A p-n junction is formed at the boundary between a p-type and n-type semiconductor
created in a single crystal of semiconductor by doping, for example by ion implantation, dif-
fusion of dopants, or by epitaxy (growing a layer of crystal doped with one type of dopant on
top of a layer of crystal doped with another type of dopant). If two separate pieces of material
were used, this would introduce a grain boundary between the semiconductors that severely
inhibits its utility by scattering the electrons and holes.

P-n junctions are elementary “building blocks” of most semiconductor electronic de-
vices such as diodes, transistors, solar cells, LEDs, and integrated circuits; they are the active
sites where the electronic action of the device takes place. For example, a common type of
transistor, the bipolar junction transistor, consists of two p-n junctions in series, in the form
n-p-n or p-n-p.

The discovery of the p-n junction is usually attributed to American physicist Russell
Ohl of Bell Laboratories. A Schottky junction is a special case of a p-n junction, where metal
serves the role of the n-type semiconductor.

The p-n junction possesses some interesting properties that have useful applications in
modern electronics. A p-doped semiconductor is relatively conductive. The same is true of
an n-doped semiconductor, but the junction between them can become depleted of charge car-
riers, and hence non-conductive, depending on the relative voltages of the two semiconductor
regions. By manipulating this non-conductive layer, p-n junctions are commonly used as di-
odes: circuit elements that allow a flow of electricity in one direction but not in the other (op-
posite) direction. This property is explained in terms of forward bias and reverse bias, where
the term bias refers to an application of electric voltage to the p-n junction.

Ex. 13. Suggest a suitable title for each paragraph so that you have a detailed
plan of the text.

Ex. 14. Read the text once again and say what paragraph (1, 2, 3, 4) contains the
following information:

P-n junctions are basic units or elementary “building blocks” of most semiconductor
electronic devices.

Ex. 15.Give the English equivalents for:

[TonmynpoBoOAHUK, N-H NEPEX0, OUMOISAPHBIA TPAH3UCTOP, HOCUTENU 3apsiia, IMpUMe-
HeHue, 001a1aTh UHTEPECHBIMU CBOMCTBAMH, HA OJHOM KpHCTaslle, UCUEPIIaHHBIH, HETPOBO-
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TSN CJIOM, TPSMOE HaIpsDKEHHEe, 00paTHOE HaIpshKEHUE, HOHHOE BHeApeHue, nuddysus,
AMUTAKCHS, JIETUPYIOIas (AOHOPHAs) IPUMECH, ITOITYIIPOBOAHMK M-TUIIA C IPUMECHIO.

Ex. 16. Put all possible questions to the underlined sentences.
Ex. 17. Explain the meaning of the words in bold.

Ex. 18. Translate the following sentences into English using the active vocabulary
of the unit.

1) B ocHoBe OONBIIMHCTBA TOTYTIPOBOJHUKOBBIX AUOJOB U TPAH3UCTOPOB JICKHUT KOH-
TaKT ABYX MOJYMPOBOTHUKOB C PA3TUYHBIM THIIOM 3JIEKTPOIIPOBOTHOCTH.

2) TakoW KOHTAaKT HA3bIBAIOT AJICKTPOHHO-ABIPOYHBIM IEPEXOJOM WM P-n-
HEepexoa0M.

3) O MoXxeT OBbITh TMOJy4YeH, HampuMmep, myTeM nuddy3un TOHOPHOW NMPUMECH B
MOJYTIPOBOTHUK P-THUIIA.

4) Takum 0OpazoM, yepe3 p-n-nepexoa npoTekarT (g dy3uoHHBIE TOTOKH OCHOBHBIX
HOCUTENEH 3apsia.

5) B o0nactu KOHTaKTa MOSBISAETCS BCTPOSCHHOE JIEKTPUUECKOE MOJIEe, JTOKAIU30BaH-
HOE BOJIM3U TPAHULIBI.

Ex. 19. Crossword.

CROSS

3. A discrete particle or crystal in a metal, igneous rock, etc., typically visible only
when a surface is magnified.

4. A solid substance that has conductivity between that of an insulator and that of
most metals, either due to the addition of an impurity or because of temperature effects.

6. A semiconductor device with three connections, capable of amplification in addi-
tion to rectification.

7. As a consequence; for this reason.

DOWN

1. Using both positive and negative charge carriers.

2. A point where two or more things are joined.

5. The growth of a thin layer on the surface of a crystal so that the layer has the same
structure as the underlying crystal.
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Ex. 20. Translate the text below from Russian into English.

DNeKmpoHHO-0bIPOUHDLIL NEPEX00 U €20 CEOIICHEa

ONEKTPOHHO-ABIPOYHBIM MIEPEXOIOM HA3bIBAIOT TOHKUN CJIOM MEXIY IBYMS 4acTAIMU
HOJIYIIPOBOJHUKOBOIO KPUCTAJUIA, B KOTOPOM OJIHA 4acTb MMEET DJIEKTPOHHYIO, a Apyras —
JBIPOYHYIO 3JIEKTPONPOBOAHOCTh. TEXHOJOTMUYECKHI MpoLecc CO3AaHUsl BICKTPOHHO-
JBIPOYHOTO TEPEX0a MOXKET OBITh PA3JIMYHBIM: CIUIABIICHHE (CIIIABHBIE TUOJBI), TUPPY3HS
OJTHOTO BeIlecTBa B Jipyroe (IudQy3uMoHHbIE TUOJbI), STUTAKCUS — OPUECHTUPOBAHHBIN POCT
OJIHOTO KpHCTaJlla Ha TIOBEPXHOCTH JIPYroro (3MUTaKCHAIbHBIE JUOJIbI) U JIP.

Ilo KOHCTPYKLMH 3JE€KTPOHHO-IBIPOYHBIE MEPEeX0bl MOIYT OBITh CUMMETPUYHBIMH H
HECUMMETPUYHBIMH, PE3KUMH U IUIABHBIMH, IUIOCKOCTHBIMU M TOYEUHBIMU U Jp. OJHAKO Uist
BCEX TUIIOB ME€PEXO0JI0B OCHOBHBIM CBOWCTBOM SIBJISICTCS HECUMMETPHUYHAS! 3JIEKTPOIPOBOIHOCTB,
IpY KOTOPOH B OJJTHOM HaIpaBJIEHUH KPUCTAJUT MPOIYCKAET TOK, a B PYTOM — HE IIPOITYCKAET.

MODULE 8. DIODES
Unit 8.1. Fundamentals

Early researchers of semiconductor materials in the
1800s described effects which can be explained by the rectify-
ing properties of a diode. They might, without knowing it, have
had the first diodes. For example Ferdinand Braun (Germany)
investigated metal-lead sulphide junctions in 1874, which were
used in early radio receivers. Even eatrlier, in 1839, Bequerel
found that an illuminated junction of an insulator (which hap-
pened to be a semiconductor) and an electrolyte creates a voltage — the first solar
cell was born! In 1904, J.A. Fleming (UK) invented the vacuum tube diode and
brought rectifying devices into commercial use. In 1926, L.O. Grondahl and
P.H. Geiger (USA) found rectifying properties in a (semiconducting) copper oxide-
copper junction and by 1938 W. Schottky (Germany) developed a theoretical expla-
nation for it. The p-n-diode (all the above were Schottky diodes) finally was described
by W. Schockley (USA) in 1949, even after J. Bardeen, W.H. Brattain and
W. Schockley had invented the transistor.

a3
oA

Ex. 1. Translate from Russian into English.

Jluon, TOK, NMOIYNPOBOAHUK, OTPULIATEIILHO 3aPSKEHHBIE HOCUTENH, IPOLECC ITPOU3-
BOJICTBA, YBEIIMYECHHUE HAINIPSHKCHUS, BADUCTOP, BAPAKTOP.

Ex. 2. Use a dictionary and translate the following word combinations.

TBEPAOTEIIBHBIN / TIOJTHOE COMPOTUBIICHUE / apCeHU ] TaJLIus / KapOua KpeMHus / TpaHC-
dbopMHpOBaTh / MPUMECH, 3arpsi3HSIONICE BEIIECTBO / MOAXOISIINN, COOTBETCTBYIOIINMN /
MaTepHaI-OCHOBA

solid-state impedance to modify silicon-carbide

host impurity gallium-arsenide appropriate
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Ex. 3. Find in the text below the words in bold and explain their meaning.

Ex. 4. Look through the text and: 1) find different types of diodes and try to
translate them; 2) try to explain what a diode is; 3) recollect the types of a diode you
know; 4) look through text and say: what phenomenon is the base for diode operation;
5) say if the following sentence is true: “Diodes are made in order to meet the purpose
for which they will be used”; 6) read the text and be ready to translate it.

A diode is a p-n junction semiconductor that allows current to flow in only one direc-
tion. 4 diode generally refers to a two-terminal solid-state semiconductor device that presents
low impedance to current flow in one direction and high impedance to current flow in the op-
posite direction. Most diodes are made from a host crystal of silicon (Si) with appropriate im-
purity elements introduced to modify, in a controlled manner, the electrical characteristics of
the device. These diodes are the typical p-n junction (or bipolar) devices used in electronic
circuits. Another type is the Schottky diode (unipolar), produced by placing a metal layer di-
rectly onto the semiconductor. The metal semiconductor interface serves the same function as
the p-n junction in the common diode structure. Other semiconductor materials such as galli-
um-arsenide (GaAs) and silicon-carbide (SiC) are also in use for new and specialized appli-
cations of diodes. Diodes are made, based on the purpose for which they are going to be used.
For example, a varactor diode is used as a variable capacitor and a zener diode is operated in
the reverse biased mode, hence their manufacturing process is also different. An LED is con-
structed, in such a way that the holes and electrons on recombination, release energy in the
form of light. Hence, they are manufactured from materials like gallium arsenide, gallium
phosphide, etc. instead of silicon, so as to have a higher potential barrier.

Ex. 5. Put all possible questions to the sentence in Italics.
Ex. 6. Divide the text into several parts, give the titles to them.
Ex. 7. Sum up the information of the text.

Ex. 8. Translate into English.

1) [TomynpOBOTHUKOBBIA JUO — IPUOOP, 00JIaTAI0MINNA CTIOCOOHOCTHIO XOPOIIIO MPO-
IyCKaTh yepe3 ceOsl 3JIEKTPUUECKUN TOK OJHOTO HANpaBJICHUS U IUIOXO — TOK MPOTUBOIIO-
JIO’)KHOTO HAIpPaBJICHHUS.

2) DTO CBOICTBO AHOAA MCIIONB3YIOT, HAIIPUMED, B BHIIPAMUTEISAX AJIS Ipeodpa3oBa-
HUS IEPEMEHHOT0 TOKa B TOCTOSTHHBIM.

3) CnoBo «amom» o0pa3oBaIOCh OT TPEUECKON MPHUCTABKU «IH» — <JIBAKIB» U
COKPAILEHHS CIIOBA «IJIEKTPOI».

4) IomynpOBOAHUKOBBIN AMOJ MPEICTABIISAET COOOH MOTYIPOBOTHIUKOBYIO TUIACTHHKY
C JBYMs 00JacTsIMU pa3HOM MPOBOJUMOCTH: AJIEKTPOHHOW (N-TUTA) M JBIPOYHOU (p-THIIA).
Mexay HUMH — pa3Aessionias TpaHnLia, Ha3bIBaeMast p-n MePeX010M.
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Unit 8.2. V-I characteristic

Ex. 1. Match a word with its definition.

PEXUM O0OpaTHOTO CMEUICHHUS / TIOPOTOBOE HANpsDKEHUE / HANpPsHKEHHUE TPo00st / OTTaNIKH-
BaTh / PEXKHUM IPSMOTO CMEIIECHHS / 3aCTaBIATh / TpaduK / BOJIBT-aMIICPHBIE XapaKTePHCTH-
K{ / IpUYrHA / pa3MeneHHbIH, TOMENICHHBINA

graph | V-I characteristics breakdown voltage | repel reverse biased mode
cause forward biased mode | threshold voltage plotted voltage controlled
device

Ex. 2. Look through the text quickly and suggest a possible title for it.

Ex. 3. Answer the following questions:

1) What is important to understand a diode operation?
2) When is a diode in in the forward biased mode?
3) What happens to the charge in the forward biased mode?

To know how a diode works, we will need to understand its V-I characteristics.
V-I characteristic is the graph plotted between the voltage and the current, at which the diode
is working. A diode is a voltage controlled device. In a diode, current flows in the forward
biased mode, while there is no flow of charge, when the diode is reverse biased. A diode is
said to be in the forward biased mode when the positive terminal of the battery is connected to
the p-terminal and negative side of the diode is connected to the n-terminal. Once the voltage
is applied to the diode in the forward biased mode, the diode immediately does not allow the
charge to flow. On increasing the voltage, in such a way that it reaches the breakdown volt-
age, the current flow starts increasing and reaches its maximum. This breakdown voltage is
different for different semiconductor materials. For silicon, the breakdown voltage is 0.7 volt.
On applying the voltage, the positively charged holes are repelled by the positive terminal of
the battery and the negatively charged electrons are repelled by the negative terminal of the
battery and start flowing in the opposite directions. This causes flow of charge in the positive
to negative direction.

Ex. 4. Fill in the blankets with a word from the box below.

reverse direction / depletion region / diode / a wide range of applications / junction / holes /
electrons

Recombination of the and takes place at the junction
and a small region is developed at the . It consists of minority carriers, elec-
trons in the p-layer and majority carriers, holes in the n-layer. This limited region on both
sides of the junctions is known as the . Once the depletion region is formed,

the current flow becomes practically constant. Further increase in voltage can destroy the de-
pletion region and hence the diode. Most diodes when operated in the reverse biased mode get
destroyed on increasing the voltage to a large extent. When a is operated in
the reverse biased mode, there is practically no flow of charge initially. When the voltage is
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increased and reaches the reverse threshold voltage, current increases indefinitely and flows in
the , destroying the diode. However, zener diode is operated in the reverse
biased mode and finds

Ex. 5. Write down the scientists names below the pictures and match them with a
description of a discovery.

Joseph Henry (USA) / W. Schockley (USA) / W. Schottky (Germany) / Ewald Georg von Kleist

1) German administrator and cleric who the Leyden jar, a funda-
mental electric circuit element for storing electricity, now usually referred to as a capacitor.
2) His research has been centred on energy bands in solids;

order and disorder in alloys; theory of vacuum tubes; self-diffusion of copper; theories of dis-
locations and grain boundaries; experiment and theory on ferromagnetic domains; experi-
ments on photoelectrons in silver chloride; various topics in transistor physics and operations
research on the statistics of salary and individual productivity in research laboratories.

3) In 1938 he created a theory that explained the rectifying
behavior of a metal-semiconductor contact as dependent on a barrier layer at the surface of
contact between the two materials. The metal semiconductor diodes later built on the basis of
this theory are called .................. barrier diodes. He also discovered that the current emit-
ted from the metal cathode into the vacuum in a valve depends on the metals' work function,
and that this function was lowered from its normal value by the presence of image forces and
by the electric field at the cathode. This effect later became known as the
effect.

4) invented his “electro-magnet”.

Ex. 6. Sum up all information you have learnt from module 8, make a plan of
your report and be ready to speak on the topic (see Appendix 3).
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Ex. 7. Study Schottky diodes specification datasheet.

gﬂgﬂf 1N5826(R)
THRU
1N5828(R)
SCHOTTKY DIODES STUDTYPE 15A
FEE;I:IEE:E Capability 15Amp Rectifier

20-40 Volts

Types up o 40V V gy,

Operating Temperature: -85 T to +150 °C

Storage Temperature: -65 C to +175°C

Maximum Maximum DC J
Part Number Recurrent Maximum Blocking
Peak Reverse | RMS Voltage Voltage K
Voltage
1N5826(R) 20V 14V 20V
1NS82T7(R) 30V 21V 30V
1M5828(R) 40V 28V 40V

Notes:
1.Standard Polarity:Stud is Cathode
2 Reverse Polarity:Siud is Anode

Electrical Characteristics @ 25 C Unless Otherwise Specified

Average Forward IFav) 154 | T,=100 C DNERSIONS
Current oS "
Peak Foward Surge | 1, | 500a | 8.3ms, half sine ow 0 T WO N ] W | wow
Current : A T ETheas__ Stedsd__Polarty
Maximum MNOTE (1) 044V |{1N5825) B ] I ] 1744
Instantaneous Ve ey |lineass E = 13 — E::
Forward Voltage lpag ®15A T = 25 © E Az 53 W07 iLs
i F S 0 F] 308
nstantaneous I 10mA | T,=257C T — = — TTEd
Reverse Current At . ] —— — — —
Rated DC Blockin 250mA [ T,=125"C 7 — KR — [
Voltage MOTE (1) 3 REd — ] —
Maximum Thermal _—
Resistance, Junction Rglc 1.8CIW P ] 5 o] T
To Case
NOTE :

[1) Pulse Test: Pulse Width 300 usec, Duty Cycle < 2%
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MODULE 9. FROM THE HISTORY OF TRANSISTORS

Before you start reading:

o Ask yourself “What must I find out from the research text?”

e Look for a series of dates;, words in bold or italic script, names and surnames.
Think: “What information do they give me?”

While you are reading:

o Highlight the topic sentences;

o Think: “which paragraph(s) will probably give me the answer to my research ques-
tions?”

e Read these paragraphs first;

e Make notes.

After reading:

Think: Did the text answer all my research questions?

Using the topic sentences to summarize:

The topic sentences of a text normally make a good basis for a summary.

Follow this procedure:

e Locate the topic sentences;

e Paraphrase them — rewrite them in your own words so that the meaning is the
same. Do not simply copy them. (This is a form of plagiarism.)

o Add supporting information.

If cells are the building blocks of life, transistors are the building blocks of the digital
revolution. Without transistors, the technological wonders you use every day — cell phones,
computers, cars — would be vastly different, if they existed at all.

Before transistors, product engineers used vacuum tubes and electromechanical
switches to complete electrical circuits. Tubes were far from ideal. They had to warm up be-
fore they worked (and sometimes overheated when they did), they were unreliable and bulky
and they used too much energy. Everything from televisions, to telephone systems, to early
computers used these components, but in the years after World War I, scientists were looking
for alternatives to vacuum tubes. They'd soon find their answer from work done decades ear-
lier.

In the late 1920's, Polish American physicist Julius Lilienfeld filed patents for a three-
electrode device made from copper sulfide. There's no evidence that he actually created the
component, but his research helped develop what today is a field effect transistor, the building
block of silicon chips.

Twenty years after Lilienfeld filed his patents, scientists were trying to put his ideas to
practical use. The Bell Telephone System, in particular, needed something better than vacu-
um tubes to keep its communications systems working. The company assembled what
amounted to an all-star team of scientific minds, including John Bardeen, Walter Brattain and
William Shockley, and put them to work researching vacuum tube substitutes.

In 1947, Shockley was director of transistor research at Bell Telephone Labs. Brattain
was an authority on solid-state physics as well as expert on nature of atomic structure of sol-
ids and Bardeen was an electrical engineer and physicist. Within a year, Bardeen and Brittain
used the element germanium to create an amplifying circuit, also called a point-contact tran-
sistor. Soon afterward, Shockley improved on their idea by developing a junction transistor.
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The next year, Bell Labs announced to the world that it had invented working transis-
tors. The original patent name for the first transistor went by this description: Semiconductor
amplifier; three-electrode circuit element utilizing semi conductive materials. It was an innocu-
ous-sounding phrase. But this invention netted the Bell team the 1956 Nobel Prize for Physics,
and allowed scientists and product engineers far greater control over the flow of electricity.

It's no exaggeration that transistors have enabled some of humankind's biggest leaps in
technology. Keep reading to see exactly how transistors work, how they altered the course of
technology, and in the process, human history, too.

"u’

MODULE 10. JUNCTION FIELD-EFFECT TRANSISTORS

1) The word transistor is a combination of “transconductance” (transfer of a
charge) and “variable resistor” or “varistor.”

2) Early transistors were used to amplify audio signals.

3) A computer can't operate without an integrated circuit (chip), and a chip
can't operate without a transistor.

4) The first Intel computer chip had 2,300 transistors, while the latest one has
820 million.

Classical

Planar
Double Gate

Ultra-Thin-Body

Vertical
Gate-All-Around §

NWFET

Ex. 1. Translate the words below without a dictionary.

Control (v), model, normally, mobile, algebraic, sinusoid, sinusoidal vibrations, reflex,
distribution, chaos, pulse, synchronous, orbit, pyramid, type.
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Ex. 2. Work with a dictionary, translate the following terms and match the
words from the table with their translation below the table; check up your answers; at
home memorize the terms.

gate / gate electrode | drain / drain electrode | pinch-off available | reverse bias

reverse bias voltage | pinch-off voltage entirety source n-type channel

to contribute depletion region to constrict | gate-to-source voltage

1) cTOK/>1MeKTpoJ, MOAKIIOYCHHBIH K KaHaly; 2) 3aTBOP/yNPaBISIOUINI SJIEKTPO;
3) obpaTHOE HampsbKeHUE; 4) HANPSHKCHUE OTCEYKH/TIOPOTOBOE HAIPSDKEHUE; 5) MEeNbHOCTD;
6) criocoOCTBOBATh; 7) CKUMATH/OTPAHUYUBATH; 8) HANIPSHKEHUE MEX]TYy 3aTBOPOM U UCTOKOM;
9) kanan n-tuma; 10) mocrymHsend; 11) permon oOemmenusi; 12) oOpaTHOE CMeIICHHE;
13) ucroxk, 14) orceuka.

Ex. 3. Using the following affixes form the derivatives:

-er/or -ive -tion -ant/ent -sion -able -ible -ed semi-

-ing

deplete

constrict

apply

contribute

ICverse

reduce

Ex. 4. Read the first paragraph and answer: What does abbreviation JFET

stand for?

Ex. 5. Match a sentence with its translation.

Thus as the gate voltage increases, the
cross-sectional areas of the n-type channel
available for current flow decreases

CyeeﬂuueHueM HanpsosiceHus sameopa,
KAHa Oazble Cmano8umcs Y3KUM U nHOMOK
MOKa ymMeHbuaemcs

The gate-to-channel pn junction is normal-
ly kept reverse-biased

B smom mecme nomox moka Meofcdy CImMoOKOM
U UCMOKOM CcoOKpawaemcst 00 HYJIA

As the gate voltage increases, the channel
gets further constricted, and the current
flow gets smaller

Obnacms, 00e0HéHHAA HOCUMENAMU 3008,
obpazyemcsi 6 Kanaie n-muna
U3-3a CUILHO20 1e2UpO8anusl p-ooaacmu

At this point the current flow between drain
and source is reduced to essentially zero

Taxum obpazom, emecme ¢ ygenudenuem
HANPpsiJIceHUs: 3ameopa, YMeHbuaemces nio-
wWaov nonepeyHo2o cevenusi Kanaia n-mund,
00CmMyYnHo20 015l NOMOKA MOKA

The depletion region extends mostly into
the n-type channel because of the heavy
doping on the p+side

3ameop evinonnen 6 gude 0bpamHo cmeujeH-
HO20 p-n nepexood
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Ex. 6. Look through the text quickly and translate the sentences and phrases in
italic into Russian.

A junction field-effect transistor, or the junction gate field-effect transistor (JEET/FET
or JUGFET), is a type of transistor in which the current flow through the device between the
drain and source electrodes is controlled by the voltage applied to the gate electrode.

A simple physical model of the JFET is shown in
Fig. 1. In this JFET an n-type conducting channel exists
between drain and source. The gate is a p+region that
surrounds the n-type channel. The gate-to-channel pn
junction is normally kept reverse-biased. As the reverse
bias voltage between gate and channel increases, the de-
pletion region width increases, as shown in Fig. 2. The
depletion region extends mostly into the n-type channel
because of the heavy doping on the p+side. The depletion
region is depleted of mobile charge carriers and thus
cannot contribute to the conduction of current between
drain and source. Thus as the gate voltage increases, the
cross-sectional areas of the n-type channel available for
current flow decreases. This reduces the current flow be-
tween drain and source. As the gate voltage increases,
the channel gets further constricted, and the current flow
gets smaller. Finally when the depletion regions meet in
the middle of the channel, as shown in Fig. 3, the channel
is pinched off in its entirety between source and drain. At
this point the current flow between drain and source is
reduced to essentially zero. This voltage is called the
pinch-off voltage, V' P. The pinch-off voltage is also
represented by VGS (off) as being the gate-to-source
voltage that turns the drain-to source current / DS off. We
have been considering here an n-channel JFET. The
complementary device is the p-channel JFET that has an
n+gate region surrounding a p-type channel. The opera-
tion of a p-channel JFET is the same as for an n-channel
device, except the algebraic signs of all dc voltages and currents are reversed. We have been
considering the case for VDS small compared to the pinch-off voltage such that the channel is
essentially uniform from drain to source.
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Ex. 7. Describe the pictures below, using active vocabulary.

_;:.l')
Ll— )
5 . . I a'-n = i
Depletion e L Depletion
region } B i region
Py
| | o = 0 +
] D-—I P l=n:) P I_—'D— = i (Smally
I | G s
1
| |
[ feiet | ¥
e _.-’[ lh_ i 1) 7‘-- Vs
s _
iz ™= ip
{a)
_|In
(¥ =
Depletion region
[~ = | widens as vps 13
'_"'__"‘] 1 T T i increased. until
N \ the channel is
jl .lll ";I : pinched off.
I FA g =0 o+
GD—IP L B Y I_O— = Vos
rf -1 H.. = -
Eoyad +
Jiss _H 1
,:::.-“ I'\I: — =T (Constant)
o e
$
is ip

Ex. 8. Divide the text into several parts and give the titles to them so that you
could have a plan of the text.

Ex. 9. How can you describe the figures above?

Ex. 10. Find in the text the answers for the following questions:

What is JFET? What peculiarities does it have?
What does the gate voltage increase result in?

What are the relations between the reverse bias voltage and depletion region width?
What is pinch-off voltage?
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e What happens when the depletion regions meet in the middle of the channel? What
does it result in?

Ex. 11. Give antonyms to the underlined words in the text above.
Ex. 12. Explain the meaning of the words in bold.

Ex. 13. Put all possible questions to the underlined sentences.
Ex. 14. Translate into English.

TpaH3uCTOp — MOTYNPOBOJAHUKOBBIM 3JIEMEHT AJIEKTPOHHOW TEXHUKH, KOTOPBIM MO3-
BOJISICT YHOPABJIATH TOKOM, MPOTCKAOMIUM YCPC3 HETO, C IOMOIIBIO MpUJIaracMoro K J0I0JI-
HUTEJIbHOMY 3JIEKTPOAY HalpsKEHUsI.

TpaHSI/ICTOpI:I ABJIAKOTCA OCHOBHBIMH JJIEMCHTAMU COBpeMeHHOﬁ SJICKTPOHUKH.
OOBIYHO OHU MPUMEHSIOTCS B YCHINTENSX WU JIOTUYECKUX AJIEKTPOHHBIX cxemax. B mukpo-
cxXeMmax B eﬂﬂHbIﬁ (bYHKHHOHaHBHLIﬁ 6HOK O6I>GI[I/IH€HBI ThICAYU U MHUIJIJIMOHBI OTACJIBbHBIX
TPaH3UCTOPOB.

ITo cTpoeHuto U NPUHLMIY AEHCTBHS TPAH3UCTOPHI ACTATCS Ha JBa OOJBIIMX Kiacca:
OUMOJISIpHBIE TPAH3UCTOPHI U TOJIEBBIE TPAH3UCTOPHI. B KaAbli M3 3TUX KIIACCOB BXOIST
MHOT'OYHCJICHHBIC TUIIBI TPAH3UCTOPOB, OTIIMYAIOIIUXCA MO CTPOCHUTIO U XapaKTCPHUCTHUKAM.

Ex. 15.Circle 16 words.

G [A]JT JEJE L [E Jc |T [R [O [D JE [C [D
P [v]o|v ]l [o[M]o o |E [7 [R L [T |E
I [A P |G |v |z |[u [N TJO [N JU A JE [R |P
N |1 [R |[E|v ]E R[S |E |T [N]|I |c |[c|L
c |[L [Q [B|v ]z [M|T [Q |1 [Cc [N [T |[U |E
H|A |[F [T [E|L [D[R JO [R [T [T [R [I [T
o|B [P [A ]l [D|z |1 [MJE [T |[D O [T |I
F |[L [Q [s |[o|u R |[c |[E |T |0 o |[D [H |O
F |E |E |[F |[F |[E |c [T [P |Y [N |1 |[E [N [N
violL [T |a|Gg |E |1 |[Q [R |E |G |1 |o|N

MODULE 11. JUNCTION BIPOLAR TRANSISTORS (BJT)

The invention of the bipolar transistor in 1948
ushered in a revolution in electronics. Technical feats
previously requiring relatively large, mechanically
fragile, power-hungry vacuum tubes were suddenly
achievable with tiny, mechanically rugged, power-
thrifty specks of crystalline silicon. This revolution g
made possible the design and manufacture of light- <« B
weight, inexpensive electronic devices that we now ¢ C
take for granted.
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Ex. 1. Translate the words below without a dictionary.

bumnonsipHbIiA, TpaH3UCTOp, COHABHY, KOJUIEKTOP, 0a3a, 3(pQeKT, KOHIEHTPUPOBATH,
pa3Ho00Opasue, MPOBOIUMOCTD, 30HBI, TOJSPHOCTD, BETUUYMNHA, JOPMUPOBATS, MApa.

Ex. 2. Work with a dictionary, translate the following terms and match the
words from the table with their translation below the table; check up your answers; at
home memorize the terms.

therefore collector filling base exhibit emitter

provided that | back-to-back | moderate valence band | conduction band

1) obmacTb MPOBOAMMOCTH; 2) TMOKa3bIBaTh; 3) HaIMOJHEHUE; 4) KOJUIEKTOp; 5) mpH
yCJIOBHH, 4TO; 6) SMUTTEP; 7) yMEPEHHBI; 8) BajieHTHas 00y1acTh; 9) mosromy; 10) mocneno-
BarenbHO; 11) Ga3a.

Ex. 3. Choose two terms from Ex. 2 and explain them to your group mates so
that they could guess them.

Ex. 4. Jumbled words.

abes hrrteoefe xieithb
nlceave ticnodncou tremtei

Ex. 5. Circle 10 words from modules 10, 11.

FIM|O|D|E|R|4|T |E
I|S |E|X |H|I |B|I |T PNP Transistor NPN Transistor

L |0 DM |B |G |4 T E | gy Collacor it Collctor
L|U[R|UI [E[N4|U

TR alasalrpoviz] AP VP ANF N}
N|c |1 |[ElalulT|oE 1' 1'
G|E|N|B|S |4 |0 E|U K3 | o
cC|OoO|L |L |E |C|T |O |R a). Physical Construcion

Ex.6. Before reading Text E recollect some information on text research from
module 9 (see Appendix 4).

Ex. 7. Read text E according to the scheme of module 9.

Text E

A Bipolar Transistor essentially consists of a pair of PN Junction Diodes that are
joined back-to-back. This forms a sort of a sandwich where one kind of semiconductor is
placed in between two others. There are therefore two kinds of Bipolar sandwich, the NPN
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and PNP varieties. The three layers of the sandwich
are conventionally called the Collector, Base, and
Emitter.

Some of the basic properties exhibited by a
Bipolar Transistor are immediately recognizable as
being diode-like. However, when the 'filling' of the
sandwich is fairly thin some interesting effects be-
come possible that allow using the Transistor as an
amplifier or a switch. To see how the Bipolar Tran-
sistor works we can concentrate on the NPN variety.

Figure 1 shows the energy levels in an NPN
transistor when we aren't externally applying any
voltages. The arrangement looks like a back-to-back pair of PN Diode junctions with a thin P-
type filling between two N-type slices of 'bread'. In each of the N-type layers conduction can
take place by the free movement of electrons in the conduction band. In the P-type (filling)
layer conduction can take place by the movement of the free holes in the valence band. How-
ever, in the absence of any externally applied electric field, depletion zones form at both PN-
Junctions, so no charge wants to move from one layer to another.

.H.H
e

{ [
AR

Base

P

Collector

N

oar . Emitter
Collecior

N ® Free Electron N

Free Hole

-----

[s)

Collector

Fig 1 NPN Bipolar Transistor

- -+
Fig 2 Apply a Collector-Base Voltage

What happens when we apply a moderate voltage between the Collector and Base
parts of the transistor? The polarity of the applied voltage is chosen to increase the force pull-
ing the N-type electrons and P-type holes apart. (i.e. we make the Collector positive with re-
spect to the Base.) This widens the depletion zone between the Collector and base and so no
current will flow. In effect we have reverse-biased the Base-Collector diode junction. The
precise value of the Base-Collector voltage doesn't really matter to what happens provided we
don't make it too big and blow up the transistor!

Ex. 8. Divide text A into paragraphs and prepare 2 questions on the text to your
group mates.
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Ex. 9. Fill in the blanks with a word from the box.

| N type emitter / thin / resistivity / ensures / doping / lightly / operation \

Heavily doped

M Type Collector————

Lightly doped

“ery thin,
lightly doped
P Type Base
Heavily doped

H—f‘f

M Type Emitter —]

How a transistor is doped.

The of the transistor is very

dependent on the degree of of the

Lo various parts of the semiconductor crystal. The
is very heavily doped to provide

¢High many free electrons as majority charge carriers.
The doped P type base region is

extremely , and the N type collec-

tor is very heavily doped to give it a low
apart from a layer of less heavily
doped material near to the base region. This change
in the resistivity of the collector close to the base
that a large potential is present

within the collector material close to the base.

Ex. 10. Translate into English.

Callector

bumnonspHeiM TpaH3UCTOPOM HAa3bIBAECTCA IOJYIPO-
BOJHHUKOBBIN TPUOOP, MMEIONIUI [1Ba B3aMMOACHCTBYIONIUX
MeXIy co0oit p-n mepexona. TexHOIOTHs W3TOTOBJICHHS OH-
MOJIIPHBIX TPAH3UCTOPOB MOXKET OBITh Pa3TUYHON (CIUTaBlie-
Hue, auddy3us, SMHUTAKCUSA), YTO B 3HAYUTEIBHOH Mepe
oTpesieNiieT XapaKTepUCTUKU Mpubopa. B 3aBucumoctu OT
MOCIIEI0BATEIBLHOCTH YepeoBaHusl 00JacTeil ¢ pa3inyHbIM
TUTIOM MPOBOJUMOCTHU PA3THUYAIOT N-P-N TPAH3UCTOPHI U P-N-P
TpaH3ucTopbl. CpenHss YacTh CTPYKTYpPhI HazbIBaeTcs 0a3oM,
OJIHA KpaiHss 00JacTh — KOJJICKTOPOM, a Apyras — dMHUTTeE-
pom. PaboTa TpaH3UCTOPOB OCHOBaHA Ha YIPaBIEHUU TOKaAMHU
AJIEKTPOJIOB B 3aBUCHMOCTH OT MPHIIOKEHHBIX K €r0 Mepexo-
JlaM HalpsiKEHUM.

Ex. 11. Study the following information about transistor specifications.

The manufacturer's data sheets contains information inthe VCEO is the maximum collector-

following general categories:

1. Maximum (Breakdown) Ratings
2. "On" Characteristics

3. Small Signal Characteristics

4. Switching Characteristics

emitter voltage and Vceo is the
maximum collector-base voltage.
Fortunately, these breakdown
voltages are well above the typical
12v used in most QRP applications.
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MAXIMUM (BREAKDOWN) RATINGS

2N 2N 2N 2N MMBT

2222 | 2222A | 3904 | 4401 | 3904
Collector—Emitter | VCEO 30v 40v 40v 40v 40
Collector—-Base VCBO 60w T5v 60w G0v B0
Emitter—Base VEBO Sv Gv Bv Bv Gv
Max. Coll. Current | lc B00mA |600mA [200mA | 600mA | 200mA
Power dissipation | Pd B25mW [625mW | 625mW | 625mW | 225mW

%Rule of thumb for VEBO: VEBO(max) or % Rulenfthumhfurﬁ:

Vbe(max) for most general purpose BJTs is

5-Bv — the maximum emitter-base voltage.
Don't forget to include the peak voltage of

the AC signal!

&- Rule of thumb for leimax): There isn't one!
The only safe way to know the maximum lc
for a transistor is to consult the data sheets,

Conventions used in electronic literature:

HFE or hFe {upper case letters)
is the DC Current Gain
Hfe or hfe (lower case)
is the AC current gain

Collector Current, lc(max), is the other maximum rating to
be closely followed. Collector current exceeding lc(max)
can damage the ftransistor, due to excessive current
through the device, initiating thermal runaway — destroying
the collector-emitter junction. The destruction of a transistor

DC "ON" CHARACTERISTICS

2N 2N 2N 2N MMBT
2222 | 2222A | 3904 4401 | 3904
1
DC Current Gain, HFE
lc= 0.1mA, Vce=10v | HFE Min. 35 35 40 20 40
lc=1.0 mA, Vce=10v | HFE Min. 50 50 70 40 70
HFE Max.| 150 150 200 — 200
lc= 10 mA, Vce=10v | HFE Min. 75 75 100 80 100
HFE Max.| 225 250 300 — 300
Collector-Emitter Saturation Violtage, Vcg(sat)
lc= 150mA, I6= 15mA | VCE(sat) | O.4vdc | 0.3vdc |0.3vdct | 0.4vde |0.2vdct
Base-Emitter Saturation Voltage, VBE(sat)
lc= 150mA, lB= 15mA| \/BE(sat) | 1.3vdc | 1.2vdc |0.85vdc | 0.95vdc| .85vdct

T lc=50mA., IB=5mA on 2N3904
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%\) Rule of thumb for HEE:

Conventions used in electronic literature:

HFE or hFE (upper case letters)

is the DC Current Gain

Hfe or hfe (lower case)

is the AC current gain

1) gainbandwidth product (Ft)
2) the AC current gain (hfe)

(Cibo and Cobo)

5) the noise figure (NF).

3) input and outputimpedances
(hie and hoe)
4) input and output capacitances

SMALL SIGNAL CHARACTERISTICS - Part 1

2N 2N 2N 2N MMBT
2222 |2222A | 3904 | 4401 | 3904
Gain Bandwidth Prod. | Ft (MHz). | 250 300 300 250 300
Small Signal Current Gain, hfe
Ilc=1.0 mA, Vce=10vt | hfe Min. 50 50 100 40 100
hfe Max. 300 300 400 500 400
Estimated | hfe Typ. 150 150 200 225 200
lc= 10 mA, Vce=10vt | HFE Min. 75 75 — — —
HFE Max.| 375 375 — — —

t Measured at 1 KHz

SMALL SIGNAL CHARACTERISTICS - Part 2

2N 2N 2N 2N MMBT
2222 [2222A | 3904 4401 3904
Input capacitance t |Cibo (max)| 30pF 25pF 8pF 30pF 8pF
Output capacitancetd |Cobo(max) 8pF 8pF 4pF TpF 4pF
Input Impedance, typ.1| hie (min) 2K 2K 1RO 1KO 1KO
hie (max) 8K BKOY 10K | 15K | 10K
Output Admittance + | hoe (min)| 5% 5* 1* 1* 1*
hoe (max)| 35* 35* 40* 30% 40*
Noise Figure 1 MF (max)| 4dB 4dB 5dB 4.5dB | 4dB
t Measured at 1 KHz  f Measured at 1 MHz  * pmhos
SWITCHING CHARACTERISTICS
2N 2N 2N 2N MMBT
2222 | 2222A | 3904 | 4401 3904
Delay time td 10ns 10ns | 35ns 15ns 35ns
Rise time tr 25ns | 25ns | 35ns 20ns 359ns
Storage time ts 225ns | 225ns | 200ns | 225ns | 200ns
Fall time tf 60ns | 60ns 50ns | 30ns 50ns

58



MODULE 12. SUPPLEMENTARY READING

AnnQRP-xc HOMEBREWER No.5

The VS 2N2222
S P 2N3904
Tl lizucvinen's Cuide o— (@R %avorite oN4401
UNDPERSTARDING GENERAL PURPOSE  MP52222
T (= 1LxR 7o NPN TRANSISTORS  MPS3904
TINANSISTQIN 0.1
D/AA7A ShEETS Plastic Encapsulated ."
Transistor
4" - -y - - LS -~
& SELECHFICATIONS
Introduction EQ
The most common bipolar junction transistors (BJT} used CBE Q
by hobbyists and OQRPers are the 2N2222, 2N3904 and
2N4401. These NPN transistors have similar
characteristics, and perform well at HF frequencies. TO-18
Metal Can Transistor
This tutorial explains how to "read" the data sheets on these :
devices and understand the specifications — which will E
enable you to interpret data sheets for other devices as well. B
. o Co c B \E
The manufacturer's data sheets contains information in the B
following general categories: o.ttom c
View
1. Maximum (Breakdown) Ratings
2. "On" Characteristics
3. Small Signal Characteristics SOT-23 MMBT2222LT1
4. Switching Characteristics Surface Mount MMBT3904LT1
Transistor MMBT4401LT1
1. Maximum (Breakdown) Ratings Cc
The maximum ratings are provided to ensure that the
voltages and currents applied do not damage or cause
excessive heating to the device. The maximum ratings for -
the 2N2222, 2N3904 and 2N4401are shown in Table 1. ‘E_E‘
The voltages, currents and power dissipation listed should B E
not be exceededto prevent damage to the device.

VCEO is the maximum collector-

BHIWEr Yollage and NOEQ B Ui Table 1 - MAXIMUM (BREAKDOWN) RATINGS
maximum collector-base voltage.

2N 2N 2N 2N MMBT
Fortunately, these breakdo_wn 2222 | 2222A | 3904 4401 | 3904
voltages are well above the typical ]
12v used in most QRP applications. Collector—Emitter VCEO 30v 40v 40v 40v 40v
o ) Collector-Base VCBO 60v 75v 60v 60v 60v
This is not the case with VEBO, the | £ 0 oo VEBG 5v 6v By 6v 6v

maximum emitter-base voltage,
typically 5-6v. If exceeded, this can | Max. Coll. Current | lc 600mA |600mA |200mA [600mA |200mA

cause a physical breakdown of the | Power dissipation | Pd 625mW|625mW | 625mW | 625mW | 225mw
base junction, destroying the
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transistor. In a circuit, the biasing scheme sets the base-
emitter voltage, VBE, to be safely below VEBO. However, in
large-signal applications, VBE must include the DC base
bias and the peak voltage of the signal to ensure VEBO will
not be exceeded.

Collector Current, lc(max}, is the other maximum rating to
be closely followed. Collector current exceeding lc(max)
can damage the transistor, due to excessive current
through the device, initiating thermal runaway — destroying
the collector-emitter junction. The destruction of a transistor
in this manner is technically

é’ Rule of thumb for VEBO: VEBO(max) or
Vbe(max) for most general purpose BJTs is
5-8v — the maximum emitter-base voltage.
Don't forget to include the peak voltage of
the AC signal!

é Rule of thumb for Ic(max}: There isn't one!
The only safe way to know the maximum lc
for a transistor is to consult the data sheets.

called catastrophic substrate Table 2 — DC "ON" CHARACTERISTICS

failure for good reason! 2N 2N 2N 2N MMBT
2222 | 2222A | 3904 4401 | 3904

Most QRP circuits are usually | pe current Gain HFIIE

biased for well below lc(max). | o= 0.1mA, VcE=10v | HFE Min.| 35 35 40 20 40

Vbe(max) and lc(max) ars lc=1.0 mA, VCE=10v | HFE Mi 50 50 70 40 70

generally a concern only in large- | '¢=1.U MA, VEE=1UY 0.

signal applications, such as RF HIEE Maie) 128 TR 200 - 200

drivers, PA stages, and some | Ic= 10 mA, VceE=10v | HFE Min. T43) 75 100 80 100

oscillator circuits. HFE Max.| 225 250 300 — 300

Collector-Emitter Saturation Voltage, VCE(sat)

2. ONCHARACTERISTICS le= 150mA, 1= 15mA | VcE(sat) | 0.4vdc | 0.8vde |0.3vdct | 0.4vde | 0.2vdet

These specifications define t.he Base-Emitter Saturation Voltage, VBE(sat)

DC performance of the device | |- 150mA, Is=15mA| Vee(sat) | 1.3vdc | 1.2vde |0.85vdc | 0.95vdc| 85vdct

while it is forward biased (Vbe

>0.7v), causing collector current 1 lc=50mA, IB=5mA on 2N3904

to flow, or "on." The DC
Characteristics in Table 2 are not absolute design values,
but rather fest values as measured by the manufacturer.
This iswhy the data s listed with the test conditions, such as
"lc=1mA, VCE=10v."

HFE is the measured DC current gain of the transistor (see
Rule of thumb for HFE). It is used for biasing the device in
the linear region — primarily class A. Most data sheets
provide HFE at two different collector currents, usually 1
and 10mA. Since most QRP circuits are biased for Ic <bmA
(to conserve battery drain), HFE at lc=1mA is typically
used.

HFE also varies from transistor—to—transistor. This is why
the data sheets list both HFE (min) and HFE (max). The
manufacturer tested a large batch of 2N2222s and
determined that hfe ranged from 50 (HFE min) to 150 (HFE
max) at lc=1mA, as shown on the data sheets (Table 2).
Statistically, most transistors will fall between 50 and 150, or
about HFE=100. This is why most design guides will
recommend using a value of HFE=100 for bias
calculations. Since the 2N3904 has a higher DC current
gain, often HFE=150is recommended for that device.

HFE min. and max, at lc=1 and 10mA, can be plotted on a
logarithmic graph (lines 1 and 2 on Fig. 1). The average

é Rule ofthumb for HFE:
Conventions used in electronic literature:

HFE or hFE (upper case letters)

is the DC Current Gain
Hfe or hfe (lower case)

is the AC current gain

Fig. 1 — Constructing an HFE vs. lc plot
X = HFE values from data sheet

200 gj HEE_(:“ax)‘. - ‘- CS
150 WErL g
100 = L —

4 —

7 T oFE (i) T3
~ HFE (typ) 17 L awe=T

b

w

DC Current Gain, HFE
(9]

N
o

2N2222

010203 65 1 2 3 5
Collector Current, lc (mA)

10
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value, HFE typ., can then be drawn (line 3, Fig. 1). This gives you
HFE (typ) for various collector currents.

The value used for HFE is not critical. Using HFE=100, or even
the conservative value of 50, will work 99% of the time. Therefore,
one scarcely needs the data sheets for the DC characteristics, as

% Rule ofthumb for HFE:
Most general purpose NPN
transistors have a DC HFE = 100 (typ)
and thus used in most biasing
equations for DC and low frequencies.

the typical HFE = 100 at lc=1mA s valid for most general purpose
NPN transistors. Fig. 2 shows Ib vs. lc for HFE at 50 and 100.

Saturation voltages, VcE(sat} and VBE(sat}, defines the
transistor behavior outside the linear operating region, that is, in
the saturated region. This is of interest when operating the
transistor as a saturated switch. The keying transistor in a
transmitter, forming the +12v transmit voltage on key—down, is an
example of a saturated switch.

3. SMALL SIGNAL CHARACTERISTICS

The small-signal characteristics describe the AC performance of
the device. There is no standardized industry definition of small-
signal (vs. large-signal), but is generally defined where the AC
signal is small compared to the DC bias voltage. That is, the
signal levels are well within the linear operating region of the
transistor.

The small signal characteristics include:

Fig. 2 — Ic vs. Ib defines HFE
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1) gain bandwidth product (Ft)
2) the AC current gain (hfe)

Table 3 — SMALL SIGNAL CHARACTERISTICS - Part 1

3) input and outputimpedances 2N 2N 2N 2N | MMBT
(hie and hoe) 2222 | 2222A | 3904 4401 | 3904
4) input and output capacitances | Gain Bandwidth Prod. | Ft (MHz). 250 300 300 250 300
(Ciboand Cobo) Small Signal Current Gain, hfe
5) the noise figure (NF). 4 ’
lc=1.0 mA, Vce=10vt | hfe Min. 50 50 100 40 100
The small signal parameters are , hfe Max. 300 300 400 500 400
the most important to Estimated | hfe Typ. 180 150 200 225 200
understand, as they describe the | le= 10 mA, Vee=10vt | HFE Min. 75 75 — — —
transistor's behavior at audio and HFE Max.| 375 375 — — —

RF frequencies, and used in the [ 1 Measured at 1 KHz

circuit design equations. These

parameters vary greatly from one
transistor type to another, such that making assumptions (as we
did with DC HFE =~100) can be risky. The data sheets must be
used. The small-signal characteristics for Ft and hfe, from the
data sheets, are shownin Table 3

Gain Bandwidth Product, or Ft, is defined as the frequency at
which the AC current gain, hfe, equals 1 (0dB). See Fig. 3 (next
page). This is the maximum frequency the device produces gain
as an amplifier or oscillator.

On RF transistor data sheets, Ft is not always given. Instead, the
power gain, Gp (or Gpe for common emitter power gain) is tested
at a specific frequency. Ft can be derived from this information as
shown in Table 4. Equations x and Gp(mag) convert the power
gain, indB, to unitless magnitude, as is hfe.

Table 4 — Calculating Ft from Gpe

_ Gp(dB)
=0

Gp(mag) = 10%

Ft = fy Gp(mag)

Example:
The data sheet for the 2N5179 lists
Gpe=15dB at 200MHz. Determine Ft.

=% =15 Gp(mag)=10" = 32
Ft = 200MHz {32 = 1130 MHz
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hfe is the ac small-signal current gain, and dependent on both
frequency and the collector current. Hfe is also known as the ac
beta. Ft and hfe work together to define the overall AC gain of the
transistor at a specific frequency, as illustrated in Fig. 3.

hfeo is the low-frequency hfe, often very close to the DC HFE.
The values for hfe shown in the data sheets are normally
measured at 1KHz and Ic=1mA (sometimes @10mA). Hfeo is
fairly constant from the audio frequencies to about 300 KHz.

Beta cut-off frequency, (3, is the "3db point" of hfe, where hfe=
0.707hfeo, or fi=Ft/hfeo. F[} is seldom listed on the data sheets.

hfe drops fairly linearly from f[3 to Ft at 6dB/octave.

F3, and the hfe vs. frequency plots, are seldom shown in the data
books. This is why learning to interpret the data sheets is
important to determine the actual gain (hfe) a transistor will
provide at a specific frequency.

Design Example: Constructing an Hfe vs. Frequency Plot
Let's figure out what hfe will be for a 2N2222 on the 40M band,
using both graphical and equational methods. It's really easy.

From Table 3, hfe=50 (min) to 300 (max). Let's pick hfe=150 as
the average. Since hfe is measured at 1KHz, this is also hfeo.
Draw a line on a chart to represent hfeo=150 (line #1, Fig. 4).

Calculate f} and hfe @f} as follows: (Ft=250MHz, 2N2222)
f =Ft/hfeo=250MHz +150=1.7 MHz

hfe@fp =.707hfeo=0.707 x 150 =106
Draw a dot at hfe@f[} on the chart (hfe=106 @ 1.7 MHz)

Or ... calculate hfe at the desired frequency, fo, suchas 7MHz
hfe@fo = Ft/fo = 250MHz +~ 7TMHz =36

Draw a line between P (or fo) and Ft (line #2, Fig. 4) to complete
the hfe vs. frequency plot ofthe 2N2222 at lc=1mA.

Therefore, at 7 MHz

acgainishfe=36

How much signal gain will the 2N2222 provide at 144 MHz?
hfe = Ft/fo = 2560MHz + 144MHz = 1.7, or almost unity!

This is why general purpose transistors (Ft <400MHz) are not
used at VHF for lack of useful gain above ~50 MHz.

Hfe vs. lc. Hfe is also a function of Ic as shown in Fig. 5. This data
sheet chart is used to adjust hfe at Ic other than 1mA, where hfe is
measured. For designing battery powered circuits, lc=1mA is
recommended. Firstly, data sheet values can be used directly,
saving additional calculations, since most parameters are listed
for lc=1mA. Secondly, these transistors have ample gains at
Ic=1mA or less. The additional gain at a higher Ic may not justify

Fig. 3 — Common Emitter AC current
gain vs. Frequency
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m’e increﬁ_se in '?Iatﬁry grai_ﬂ- I"ek':i Table 5 — SMALL SIGNAL CHARACTERISTICS - Part 2
; Oamp"e'.rs?h G= 3:'1? 2N [2N 2N 2N MMBT
E;rl mgre P‘fla'” an onesampinier 2222 |2222A | 3904 | 4401 | 3904
al IC=ZmA.

Input capacitance  |Cibo {max)| 30pF 25pF 8pF 30pF 8pF
Table 6 shows hfe at different | Output capacitancet |Cobo (max)] 8pF 8pF | 4pF 7pF | 4pF
frequencies for the 2N2222. Input Impedance, typ.t| hie (min) 2KQ | 2Kk | 1K | 1KQ | 1Ko
Table 5 lists the remaining small- hie (max) 8KQ | 8K | 10KQ | 15K | 10K
signal characteristics. Output Admittance t | hoe (min)| 5% 5* 1* 1* i

hoe (max)| 35% 35% | 40* | 30* 40*

Input impedance, hie, is the ! i
resistive element of the base. | Noise Figure t NF (max)| 4dB | 4dB | 5dB | 45dB | 4dB
emitter junction, and varies with |t Measured at 1 KHz  t Measured at 1 MHz  * pmhos

lc. It is used for input impedance
calculations, and not particularly
usefulin itself without considering Cibo.

Table 6 — 2N2222 Input Impedances

based on  based on based on
hfeo=150 hfe andre Xc(Cibo) || hie
Input capacitance, Cibo, is the capacitance across the base- *
emitter junction. For the 2N2222, Cibo(max)=30pF. The
reactance (Xc¢) of Cibo is in parallel with hie (Xc||hie) — causing | Freq | hfe Rin Xc{Cibo)  Zin
the equivalent inputimpedance, Zin, to be frequency dependent 35 | 71 118720 | 151602 11500
as shown in Table 6. As can be seen, Xc(Cibo) dictates the input 70 | 36 | 9620 7580 8580
impedance of the transistor, nof hie. Cibo is thus important in 10'1 25 | 8760 50500 4750
estimating Zin at any given frequency. In selecting a transistor :
for RF, the smaller the value of Cibo, the better. In this case, the 14.0 | 18 4940 3790 352Q
input impedance is called Zin, since it includes the frequency 21.0 1 12} 312Q 2530 2410
dependent reactance components. 28.0 | 9| 2340 | 1900 183Q
50.0 5| 1300 10802 1040
Input resistance, Rin, for the common-emitter transistor, can 144 2 520 370 360
also be estimated using hfe and emitter current, le, as follows:
Rin =re(hfet1)  where, re=26+le(mA) (lexlc) = - I 5 " T]
in=re(hfe+ =
The results of Rin from the above are also shown in Table 6 for where( ) V\;E((:.g) e
comparison. This method is generally preferred since hfe and le re=26/vle(mA) Cibo _ 30pF
are known with greater accuracy than is hie and Cibo. In this =260@1mA hie = 5KO
case, the input impedance is called Rin, since it only includes

resistive components (no reactance components).

The differences between the two methods, while close,
demonstrates the difficulty in determining with certainty the input
impedance of a transistor.

Output Admittance, hoe, represents the output resistance of
the transistor by taking the reciprocal of the admittance. For
example, at hoe(typ)=10umhos, Rout = 1/hoe = 1/10umhos =
100KQ. Like hie, hoe is not particularly useful by itself.

Output Resistance, Ro, is approximately the parallel
equivalent of hoe and the collector load resistance, Rc, or Ro =
Rc||hoe. See Fig. 6. Since Rc tends to be in the 1-5K2 range,
and hoe 20—100KQ, Rc will dominate the output resistance of
the transistor. As a result, outputimpedance is usually estimated
by: Zo =~ Rc. Note that the output impedance is set primarily by
circuit values (Rc), and not by the transistor's small-signal
parameters.

Fig. 6 — Input/Output Impedances
basic amplifier configuration

Y ro-fetze

= R¢
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Cobo is the output capacitance, and is in parallel with the
output resistance. However, Cobo is <10pF in most general
purpose NPN transistors and has little effect at HF. This
parameter is important in RF transistors operating in the
VHF/UHF spectrum, where the shunting effect becomes a
significant component of the output impedance. Obviously,
the lower the value of Cobo, the better.

Noise Figure, NF, is defined as the ratio of the input to the
output noise, neither of which is easily measurable by the
amateur. The transistor will add noise, then be amplified by
the hfe of the device just as the signal is, forming signal plus
noise output, or S+N. The excess in the S+N to signal
poweris due to the noise figure (NF) of the device.

For the QRPer, the NF of the transistor is not highly
important on HF. See Table 7. Select a transistor with a low
NF for the audio stage(s), however, as this is where it will be
the most evident.

Transconductance, gm, is another parameter provided on

some data sheets. If not provided, gm can be estimated by:
gm =.038 xle(mA).

4. SWITCHING CHARACTERISTICS

Table 7 — HF vs VHF Noise Figures

At HF — antenna and atmospheric noise is in
the 20-30dB range, far exceeding the 10-12dB
NF of a typical HF receiver. In other words,
more noise is introduced to the receiver by the
antenna and band conditions than the NF of the
stages can introduce. For HF receiver
applications, a NF of 4-6dB per transistor is
sufficient. Thisis notthe case at VHF.

At VHF/UHF - antenna and atmospheric noise
is very low, often less than 10dB of noise power,
making the overall system noise a function of
the receiver, and the NF of the individual
stages. At VHF/UHF, the NF of the transistors
becomes very important, with transistors being
selected with NF's in the 1.5dB to 2dB range
not uncommon.

The Switching Characteristics define the

Table 8 - SWITCHING CHARACTERISTICS

operating limits of the transistor when used

) - - Lo 2N 2N 2N 2N MMBT
in pulged, digital _Iog!c, or _sw_ltchlng 2229 | 2222A | 3904 | 2401 | 3904
?’PRp“C:\}\L(i:‘)[rc:ﬁi r%ly?Pg\\;v\;tCEglygincgerL:;S:jlnct:)lggg Dfelay. time td 10ns 10ns | 35ns 15ns 35ns
switching circuits using transistors. These | Rise time tr 25ns | 25ns | 35ns | 20ns | 35ns
are really large-signal characteristics, since | Storagetime | ts 225ns | 225ns | 200ns | 225ns | 200ns
the transistor is being driven from cut-off to | Fall time tf 60ns | 60ns | 50ns | 30ns | 50ns

saturation in most switching applications.

Fig. 7 illustrates the switching characteristics terms:

td, delay time is the time from the input L—H transition until
the output begins to respond.

tr, rise time is the time it takes the output to go from 10% to
90% output voltage.

ts, storage time is the time from the input H-L transition
until the output responds. This is usually the longest delay.
tf, fall time is the time it takes the output to go from 80% to
10% output voltage.

These switching times, in the tens of nanoseconds, are
thousands of times faster than the requirements for QRP
applications, and seldom a design criteria when selecting a
transistor. Itis presented here for completeness only.

Fig. 7 — Switching Characteristics
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This tutorial should allow one to interpret the transistor data sheets, whether the complete data sheets from the
manufacturer, or the abbreviated listings, such as found in the NTE Cross-Reference orin the ARRL Handbook.
Many manufacturer's provide complete data sheets online. Understanding transistor specifications is essential
in designing your own circuits, or identifying those "ham fest special” transistors and their suitability for your next
project. Biasing transistors using these specs will be presented in a future Handyman's tutorial.
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CONCLUSION

Top Salary
The top 10 percent of electrical engineers earn a monthly salary of $10,972 or more,
according to the U.S. Bureau of Labor Statistics. This is equivalent to an annual full-time sal-
ary of $131,660, or an hourly wage of $63.30. Salaries in the range of $11,000 per month or
more usually go to engineers with at least 10 years experience, according to ElectricalEngi-
neerSalary.com. By way of comparison, the average monthly income for 154,250 electrical
engineers nationwide was $7,433 in 2011, according to the bureau survey.

Electronics engineer: salary and conditions

e Starting salaries for newly graduated electrical/electronics engineers are in the
range of £18,000-£29,000. Salaries for PhD holders may be higher.

¢ (Qualified electronics engineers can earn between £35,000 and £45,000, with more
senior engineers earning between £40,000 and £55,000. Highly experienced engineers can
earn in excess of £65,000.

e Salaries vary from company to company, with some sectors attracting higher sala-
ries due to demand. Hours of work can vary and this may affect the final salary. A 40-hour
week is typical. However, the commercial pressures associated with electronic design mean
that extra hours during evenings and weekends may be required at busy times in order to meet
deadlines. Contract staff are often recruited to meet peaks in workloads.

e Work usually takes place in a laboratory or office environment, although some pro-
jects may require you to work in workshops, factories, or even outdoors.

e Self-employment and freelance work are sometimes possible for qualified engi-
neers with a good track record and experience. Short-term contract work is possible, and is
often arranged through agencies.

Job Outlook
Employment of electrical and electronics engineers is expected to grow 6 percent from
2010 to 2020, slower than the average for all occupations.

You can also get the qualification of electrical or electronics engineer here:

VERSI

UNIVE Y _oF ELECTRICAL ENGINEERING &
LIVERPOOL ELECTRONICS

The University of

Nottingham

UNITED KINGDOM - CHINA - MALAYSIA

Imperial College r
London i~

& TRINITY COLLEGE DUBLIN [k

W s UNIVERSITY
¥ COLAISTE NA TRIONOIDE, BAILE ATHA CLIATH | oOF DUBLIN

UNIVERSITY©F MANCHESTER
BIRMINGHAM o

The University of Manchester

65



APPENDIX 1
CIRCUIT SYMBOLS

Circuit symbols are used in circuit diagrams which show how a circuit is connected together.
The actual layout of the components is usually quite different from the circuit diagram. To
build a circuit you need a different diagram showing the layout of the parts on stripboard or
printed circuit board.

Wires and connections
Component |  Circuit Symbol Function of Component
Wire To pass current very easily from one part of a

circuit to another.

A'blob’ should be drawn where wires are
l connected (joined), but it is sometimes
omitted. Wires connected at 'crossroads'
should be staggered slightly to form two
T-junctions, as shown on the right.

Wires joined

In complex diagrams it is often necessary to

‘ draw wires crossing even though they are not
connected. | prefer the 'bridge' symbol shown

on the right because the simple crossing on

the left may be misread as a join where you

have forgotten to add a 'blob'

Wires not joined ‘

Power Supplies

Component |  Circuit Symbol Function of Component

Supplies electrical energy.
_| |__ The larger terminal (on the left) is positive (+).
Cel Asingle cell is often called a battery, but strictly a battery

is two or more cells joined together.
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Battery

Supplies electrical energy. A battery is more
than one cell.
The larger terminal (on the left) is positive (+).

DC supply

Supplies electrical energy.
DC = Direct Current, always flowing in one
direction.

AC supply

Supplies electrical energy.
AC = Alternating Current, continually changing
direction.

Fuse

A safety device which will "blow’ (melt) if the
current flowing through it exceeds a specified
value.

Transformer

Two coils of wire linked by an iron core.
Transformers are used to step up (increase)
and step down (decrease) AC voltages.
Energy is transferred between the coils by the
magnetic field in the core. There is no
electrical connection between the coils.

Earth
(Ground)

1

A connection to earth. For many electronic
circuits this is the 0V (zero volts) of the power
supply, but for mains electricity and some
radio circuits it really means the earth. It is
also known as ground.

Output Devices: Lamps, Heater, Motor, etc.

Component Circuit Symbol Function of Component
f-\ A transducer which converts electrical energy
_— M\ to light. This symbol is used for a lamp
e \\_/} providing illumination, for example a car
headlamp or torch bulb.
A transducer which converts electrical energy
- to light. This symbol is used for a lamp which
Lamp (indicstor) ® is an indicator, for example a waming light on
a car dashboard.
Heater D:ED A transducer which converts electrical energy

to heat.

67




A transducer which converts electrical energy

Motor ( :: ) to kinetic energy (motion).
Bell A transducer which converts electrical energy
to sound.
A transducer which converts electrical energy
Boccer :< to sound.
A coil of wire which creates a magnetic field
inductor when current passes through it. It may have
[Eu%ni d) FYY Y an iron core inside the coil. It can be used as
a transducer converting electrical energy to
mechanical energy by pulling on something.
Switches
Component Circuit Symbol Function of Component
. A push switch allows current to flow only
Push Switch S — . -
(push-to-make) - - when the button is pressed. This is the

switch used to operate a doorbell.

This type of push switch is normally closed

Push-to-Break E'tﬂj I'B Ireal-: — 1 O0— (on), it is open (off) only when the button is
pressed.
o witch SPST = Single Pole, Single Throw.
(SPST) _o_,--""'u An nn:ulff gwutch allows current t.u. flow anly
when it is in the closed (on) position.
SPDT = Single Pole, Double Throw.
A 2-way changeover switch directs the
Z=-way Switch _O/,..O— flow of current to one of two routes
(SPDT) - according to its position. Some SPDT
switches have a central off position and
are described as 'on-off-on’.
DPST = Double Pole, Single Throw.
Dual On-Off _0..--:"’"": A dual on-off switch which is often used to
Switch [ switch mains electricity because it can
(DPST) _Q..--"‘""D isolate both the live and neutral

connections.
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. : DPDT = Double Pole, Double Throw.
ﬁg E o— This switch can be wired up as a reversing
{W} | switch for a motor. Some DPDT switches
_0_.."0_ have a central off position.
e
An electrically operated switch, for
+—0 NO |example a 9V battery circuit connected to
the coil can switch a 230V AC mains
Aoy ‘ f COM circuit.
NC  |NO = Normally Open, COM = Commoan,
MC = Normmally Closed.
Resistors
Component Circuit Symbol Function of Component
A resistor restricts the flow of current, for
example to limit the current passing through
Resistor _:I_ an LED. A resistor is used with a capacitor in
a timing circuit.
Some publications still use the old resistor symbol;
A=
This type of variable resistor with 2 contacts
(a rheostat) is usually used to control current.
Variable Resistor Examples include: adjusting lamp brightness,
(Bheostat) ﬁ adjusting motor speed, and adjusting the rate
of flow of charge into a capacitor in a timing
circuit.
This type of variable resistor with 3 contacts
Vaniable Resistor (a potentiometer) is usu?lly u§ed to control
{Potantiosnation IJ_LI voltage. It can be u;ad l'l'“'.} Ithns asa
transducer converting position (angle of the
control spindle) to an electrical signal.
This type of variable resistor (a preset) is
operated with a small screwdriver or similar
Variable Resistor tool. It is designed to be set when the circuit
Presel] is made and then left without further
adjustment. Presets are cheaper than normal
varable resistors so they are often used in
projects to reduce the cost.
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Capacitors

Component Circuit Symbol Function of Component
I I A capacitor stores electric charge. A
. capacitor is used with a resistor in a timing
Capacitor I I circuit. It can also be used as a filter, to
block DC signals but pass AC signals.
A capacitor stores electric charge. This
type must be connected the correct way
Capacitor, + round. A capacitor is used with a resistor in
polarised a timing circuit. It can also be used as a
filter, to block DC signals but pass AC
signals.
. . " A variable capacitor is used in a radio
Variable Capacitor /] hiner
/ :

Trimmer Capacitor

This type of variable capacitor (a trimmer)
is operated with a small screwdriver or

similar tool. It is designed to be set when
the circuit is made and then left without
further adjustment.

Diodes
Component Circuit Symbol Function of Component
Diode A device which only allows current to flow in
—_ one direction.
LE {7 A transducer which converts electrical energy

Light Emitting Diode

to light.

A special diode which is used to maintain a

Zener Diode v fixed voltage across its terminals.
W
Photodiode H A light-sensitive diode.
Transistors

70




Component | Circuit Symbol Function of Component
Atransistor amplifies current. It can be used with
Transistor NPN other components to make an amplifier or switching
circuit.
A transistor amplifies current. It can be used with
Transistor PNP other components to make an amplifier or switching
circuit.
W
Phatotransistor A light-sensitive transistor.
Audio and Radio Devices
Component | Circuit Symbol Function of Component
: A transducer which converts sound to electrical
Microphone ﬁ energy.
B A transducer which converts electrical energy to
Earphone
| sound.
Loud ker :ﬂ A transducer which converts electrical energy to
sound.
: —I— A transducer which converts electrical energy to
Piezo Transducer | sound
Amolif An amplifier circuit with one input. Really it is a
[gﬂm”;';q:rm block diagram symbol because it represents a

circuit rather than just one component.
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Aerial
(Antenna)

A device which is designed to receive or transmit
radio signals. It is also known as an antenna.

Meters and Oscilloscope

Component Circuit Symbol Function of Component
/'-\ A voltmeter is used to measure voltage.
Voltmeter V The proper name for vollage is ‘potential difference”, but
\_/ miost people prefer to say voltaga!
Ammeter @ An ammeter is used to measure current.
/"‘\ A galvanometer is a very sensitive meter
Galvanometer T which is used to measure tiny currents, usually
\_/’ 1mAor less.
@ An chmmeter is used to measure resistance.
Chmmeter \_/! Most multimeters have an ohmmeter setting.
/"‘\ An oscilloscope is used to display the shape of
Oscilloscope \/tfl/ electrical signals and it can be used to

measure their voltage and time period.

Sensors (input devices)

Component Circuit Symbol Function of Component
4 A transducer which converts brightness (light)
LDR to resistance (an electrical property).
LDR = Light Dependent Resistor
Thermistor A transducer which converts temperature
EEE— (heat) to resistance (an electrical property).
Logic Gates

Logic gates process signals which represent true (1, high, +Vs, on) or false (0, low, 0V,

off).
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There are two sets of symbols: traditional and IEC (International Electrotechnical
Commission).

Gate
Type

Traditional

IEC Symbol

Function of Gate

ANOT gate can only have one input.
The ‘o’ on the output means 'not’. The
output of a NOT gate is the inverse
(opposite) of its input, so the output is
true when the input is false. ANOT
gate is also called an inverter.

An AND gate can have two or more
inputs. The output of an AND gate is
true when all its inputs are true.

S0

A NAND gate can have two or more
inputs. The "o’ on the output means
‘not’ showing that it is a Not AND gate.
The output of a NAND gate is true
unless all its inputs are true.

=1

An OR gate can have two or more
inputs. The output of an OR gate is true
when at least one of its inputs is true.

VY

=1

ANOR gate can have two or more
inputs. The "o’ on the output means
‘not’ showing that it is a Not OR gate.
The output of a NOR gate is true when
none of its inputs are true.

An EX-OR gate can only have two

inputs. The output of an EX-OR gate is
true when its inputs are different {one

true, one false).

An EX-NOR gate can only have two
inputs. The "o’ on the output means
‘not’ showing that it is a Not EX-OR
gate. The output of an EX-NOR gate is
true when its inputs are the same (both
true or both false).

Sets of circuit symbols to download
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APPENDIX 2

ARITHMETIC SYMBOLS

+ plus /'plas/

- minus /'mainas/

+ plus or minus /'plas 2: 'mainas/

X multiplied by /'maltiplaid bar/

/ over; divided by /'auve/ /di'vaidad/

+ divided /di'vaidad/

= equals /'t:kwolz/

= approximately, similar /o'proksomatli / /'similo/
= equivalent to; identical /I'kwivalont tu/ /ar'dentikl/
+ not equal to /ot 'i:kwal tu/

> greater than /'greita dan/

< less than /'les don/

>> much greater than /'matf 'grerto don/

much less than

/'matf 'les 0an/

perpendicular to

/p3:pan'dikjulo tu/

parallel to /'peralel tu/
squared /'skwead/
cubed /'kju:bd/

to the fourth; to the power four

/ta 80 'f2:0/ /to 80 'paus o:/

to the n; to the nth; to the power n

/to 01 en/ /to &1 enB/ /to 01 'paus en/

root; square root

/ru:t/ /skwea ru:t/

Q|&|<= kal\_l—k

cube root /kju:b ru:t/
fourth root /f2:0 ru:t/
% percent /par'sent/
o0 infinity /in'finaty/
) dot /dot/
double dot /dabl dot/
: is to, ratio of /relfiou/
f(x) fx | f; function /ef/ /'tagkfon/
f(x) | fdash; derivative /deef/ /dr'rivotiv/
f'(x) | fdouble-dash; second derivative /'dabl def/ /'sekond dr'rivativ/
f"(x) | ftriple-dash; f treble-dash; third deriva- | /tripl deef/ /trebl deef/ /e3:d di'rivatrv /
tive
@ f four; fourth derivative /£2:0 dr'rivatrv/
0 partial derivative, delta /'pa:Jal di'rivotiv/ /delto/
| integral /'mtigral/
> sum /sam/
log log /log/
therefore /'0gafd:/
because /br'konz/
— gives, leads to, approaches /gvz/ /li:dz tu/ /oproutfoz/
/ per /p3:/
€ belongs to; a member of; an element of | /bi'lbyz/ /'memba/ /'elimont/
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¢ does not belongs to; is not a member /not bi'loy/ /not 9 'membs/ /not on
of; is not an element of 'elrmont/
c contained in; a proper subset of /kon'teind m/ /'props 'sabset/
- contained in; subset /'sabset/
N intersection /'intorsekfon/
U union /'ju:nion /
COS X | cOS X; cosine X /koz/
sinx | sinex /sain/
tan X | tangent X /tan/
|X| mod x; modulus x /mod/ /'modjulos/
°C degrees Centigrade /dr'gri:z sentigrerd/
°F degrees Fahrenheit /dr'gri:z 'feeronhart/
°K degrees Kelvin /dr'gri:z 'kelvin/
mm | millimetre /'milimi:to/
cm centimetre /'sentimi:to/
cc, cm’ | cubic centimeter; centimeter cubed /kju:bik 'sentimi:to/ /'sentimi:to 'kju:bd/
m metre /'mi:to/
km kilometre /kr'lomito/
mg milligram /'miligrem/
g gram /grem/
kg kilogram /'kilogrem/
AC A.C. /el si:/
DC D.C. /di: si:/
Examples
x+1 X plus one
x-1 X minus one
X+ 1 X plus or minus one
Xy X y; X times y; X multiplied by y
(x-y)xX+y) | xminusy, X plusy
x/y x over y; x divided by y
X+y x divided by y
x=5 x equals 5; x is equal to 5
XXy X is approximately equal to y
X=y X is equivalent to y; x is identical with y
X£Y X is not equal to y
X>y X is greater than y
x<y x is less than y
X>y X is greater than or equal to y
x<y X is less than or equal to y
0<x<1 zero is less than X is less than 1; x is greater than zero and less than 1
0<x<1 zero is less than or equal to x is less than or equal to 1; x is greater than or
equal to zero and less than or equal to 1
X’ X squared
'S x cubed
x* X to the fourth; x to the power four
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X X to the n; x to the nth; x to the power n
x" X to the minus n; X to the power of minus n
Vx root X; square root x; the square root of x

the cube root of x

the fourth root of x

the nth root of x

(x+y) X plus y all squared
(x/y)” x over y all squared
n! n factorial; factorial n
x% X percent
0 infinity
X oy X varies as y; X is (directly) proportional to y
X o 1y X varies as one over y; X is indirectly proportional to y
X x dot
X x double dot
f(x) fx f of x; the function of x
f'(x) f dash x; the (first) derivative of f with respect to x
f'(x) f double-dash x; the second derivative of f with respect to x
"(x) f triple-dash x; f treble-dash x; the third derivative of f with respect to x
9 f four x; the fourth derivative of f with respect to x
ov the partial derivative of v
ov delta v by delta theta, the partial derivative of v with respect to 0
00
0% v delta two v delta theta squared; the second partial derivative of v with
36_2 respect to 0
dv the derivative of v
dv d v by d theta, the derivative of v with respect to theta
do
d? v d 2 v by d theta squared, the second derivative of v with respect to theta
d 6°

integral

integral from zero to infinity

> sum
i the sum from i equals 1 to n
i=1
w.rI.t. with respect to
log.y log to the base e of y; log y to the base e; natural log (of) y
therefore
" because
— gives, approaches
m/sec meters per second
XeA x belong to F; x is a member of A; x is an element of A
18 °C eighteen degrees Centigrade
70 °F seventy degrees Fahrenheit
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APPENDIX 3
DIODES AND ISOLATORS APPLICATION

NXP Semiconductors Product data sheet
High-speed diodes 1N4148; 1N4448
FEATURES
» Hermetically sealed leaded glass SOD27T (DO-35)
package

High switching speed: max. 4 ns K a
General application @ L b D I ] —]—

» Continuous reverse voltage: max. 100 V panzas
» Repetitive peak reverse voltage: max. 100 vV
» Repetitive peak forward current: max. 450 mA. The diodes am typa branded.
APPLICATIONS Fig.1 Simplified outline (SOD27; DO-35) and
symbol.
= High-speed switching.
DESCRIPTION
The 14148 and 1N4448 are high-speed switching diodes ~ MARKING
fabricated in planar technology, and encapsulated in TYPE NUMBER MARKING CODE
hermetically sealed leaded glass SOD27 (DO-35)
packages. 1M4148 1N4148PH or 4148PH
1M4448 1N4448
ORDERING INFORMATION
PACKAGE
TYPE NUMBER
MAME DESCRIPTION VERSION
1MN4148 - hermetically sealed glass package; axial leaded; 2 leads S0D27
1MN4448
NXP Semiconductors Product data sheet
High-speed diodes 1N4148; 1N4448
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 60134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
VRRM repetitive peak reverse voltage - 100 v
Ve continuous reverse voltage - 100 W
Ig continuous forward current see Fig.2: note 1 - 200 mA
lERM repetitive peak forward current - 450 mA
s non-repetitive peak forward current | square wave; Tj= 25 °C prior to
surge; see Fig.4
t=1ps - 4 A
t=1ms - 1 A
t=1s - 0.5 A
Pigt total power dissipation Tamb = 25 °C; note 1 - 500 myW
Tetg storage temperature —£5 +200 °C
Tj junction temperature - 200 “C
Mote

1. Device mounted on an FR4 printed-circuit board; lead length 10 mm.
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DiIGITAL ISOLATORS

Features

m High-speed operation
« DC to 150 Mbps
m Mo start-up initialization required
m  Wide Operating Supply Voltage:
26-55V
m  Up to S000 Vgus isolation

m  High electromagnetic immunity
m  Ultra low power (typical)
5% Operation:
s = 26 mAfchanne! at 1 Mbps
s < 6.8 mASchannel at 100 Mbps
2. 70V Operation:
e < 2.3 mAfchanne! at 1 Mbps
» < 4.6 mASchannel at 100 Mbps

Schmitt trigger inputs
Selectable fail-safe mode

= Default high or low output
Precise timing (typical)

= 11 ns propagation delay max
= 1.5 ns pulse width distortion
= 0.5 ns channel-channel skew
= 2 ns propagation delay skew
= 5 ns minimum pulse width
Transient immunity 45 kKVius
Wide temperature range

e —10 to 125 °C at 150 Mbps
RoHS compliant packages

= S0OIC-16 wide body

= SO0OIC-8 narmmow body

Applications

m  |ndustrial automation systems m |solated ADC, DAC

m  Medical electronics m  Motor control

m  Hybrid electric vehicles m  Power inverters

m |solated switch mode supplies ®  Communication systems

Low Profile, High Current IHLP® Inductors

FEATURES

* | owest height (3.0 mm) in this package footprint

Shielded construction

saturation

Frequency range up to 5.0 MHz
Lowest DCR/pH, in this package size
Handles high transient current spikes without

>

FE—Froa

RoHS

COMPLIANT

GREEN
15 goopy=*

Ultra low buzz noise, due to composite construction

= Compliant to RoHS Directive 2002/95FEC

APPLICATIONS

= PDASnotebook/desktop/server applications

* High current POL converters

Battery powered devices

& & @

(FPGA)

Low profile, high current power supplies

DC/DC converters in distributed power systems
DC/DC converter for Field Programmable Gate Array
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APPENDIX 4
ELECTRICAL CHARACTERISTICS

. |
FAIRCHILD

]
SEMICONDUCTOR®

BC546/547/548/549/550

Switching and Applications
+ High Voltage: BC546, Vcgo=65V

+ Low Noise: BC549, BC550

+ Complement to BC556 ... BC560

1 } TO-82
1. Collector 2. Base 3. Emitter

NPN Epitaxial Silicon Transistor

Absolute Maximum Ratings T,=25°C uniess otherwise noted

Symbol Parameter Value Units
Vepo Collector-Base Voltage : BC546 80 \'
- BC547/550 50 V
- BC548/549 30 A
Veeo Collector-Emitter Voltage : BC546 65 A4
- BC547/550 45 v
- BC548/549 30 v
VEROD Emitter-Base Voltage - BC546/547 6 \'4
: BC548/549/550 5 v
le Collector Current (DC) 100 mA
Pe Collector Power Dissipation 500 mvy/
T, Junction Temperature 150 °C
Tetg Storage Temperature -65 ~ 150 °C

Electrical Characteristics T,=25°C unless otherwise noted

Symbol Parameter Test Condition Min. Tvp. Max. Units
leBo Collector Cut-off Current V=30V, Ig=0 15 nA
heg DC Current Gain Vep=5V, |c=2mA 110 800
Veg(sat) | Collector-Emitter Saturation Voltage | 10=10mA, Ig=0.5mA 90 250 my
|c=100mA, [g=5mA 200 600 my
Vge(sat) | Base-Emitter Saturation Voltage lc=10mA, Ig=0.5mA 700 my
[c=100mA, Ig=SmA 900 my
Vge(on) | Base-Emitter On Voltage V=5V, lc=2mA 580 660 700 my
V=5V, Ic=10mA 720 my
fr Current Gain Bandwidth Product V=5V, Ic=10mA, f=100MHz 300 MHz
Cob QOutput Capacitance Veg=10V, Ig=0, f=1MHz 35 6 pF
Cip Input Capacitance V=05V, |=0, f=1MHz 9 pF
NF Noise Figure - BC546/547/548 Vee=5V, 1c=200uA 2 10 dB
- BC549/550 f=1KHz, Rg=2KQ 1.2 4 dB
:BCS549 Vep=5V, 1c=200uA 1.4 4 dB
- BCS50 Rg=2Ka, 1=30~15000MHz 1.4 3 dB
hgg Classification
Classification A B C
heg 110 ~ 220 200 ~ 450 420 ~ 800
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