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HNPEINCJIOBUE

JanHoe mocobue nmpeaHa3HaueHo Ui 00yUeHHs YTCHUIO U MIEPEeBOIY
Hay4YHO-TEXHUYECKON JMTEpaTyphl C aHIJIMHCKOrO A3bIKa HAa PYCCKHM.
OHO azxpecoBaHO CTyIEHTaM IPUOOPOCTPOUTENHHOTO (aKymnbTeTa,
OBJaEeBIINM 0a30BOM T'PAMMATHKOW M JICKCUKON aHTIHUHCKOTO SI3BIKA.
[Mocobue paccuntano Ha 68 YacoB ayIMUTOPHBIX 3aHSATHIA.

Lens mocobus — chopMHpPOBaTH y CTYJEHTOB HaBBIKH M Pa3BHUTh
YMEHHS aHAJTU3UPOBATh Pa3IUYHbIE AIEMEHTHI TeKCTa, MOHUMATh U TIpa-
BUJIBHO TEPEBOJUTH HAyYHO-TEXHUYECKHE aHTJIOS3bIUYHBIE TEKCTHI IO
CHEUATBHOCTH.

IToco6ue cocrout u3 10 ypokos (Units), mogbopku JOMONMHATEIBHBIX
TEKCTOB JUIA YTE€HHUS U MpHiIokeHus. Kaxxaslit ypoK cOepKHUT yueOHBIH
TEKCT ¢ KOMIUIEKCOM YIPAKHEHUH 110 aHAIN3y COAEP KaHUS U IIEPEBOAY.
JIONOTHUTENBHBIE TEKCTBI MOTYT HCIIOJIB30BAaThCS B KAayeCTBE NPaKTH-
KyMa B CaMOCTOSITEJIbHOM paboTe CTYJIEHTOB. DTH TEKCTHI PaCCUUTAHBI
Ha COBEpPILIEHCTBOBAHUE HABBHIKOB PA0OTHI C MOJUTEXHUYECKAM U OTpac-
JeBBIM cioBapeM. [IpunoxeHne conepXuT MpaBuia YTEHUS HEKOTOPBIX
MaTEMAaTHYECKUX CUMBOJIOB.

TexkcToBBIIl MaTepuan HpPEACTaBIeH ayTEHTHMYHBIMH TEKCTaMHM, CO-
JepKalMMi MHGOPMALXIO O Pa3IMYHBIX AJIEKTPOHHBIX YCTPOMCTBAX,
TaKUX KaK CEHCOpBI, TPAH3UCTOPBI, JUOIBI, a TAKXKE O COBPEMEHHBIX
TEXHOJIOTHSX W3TOTOBJICHUS W 00pabOTKM MHKPO- U HAHOMACIITaOHBIX
MaTepUaoB.

YnpakHeHHs], BKIIOYEHHBIE B YPOKH, OTPakalOT JIEKCUYECKHE U
rpaMMaTHYecKue 0COOCHHOCTH IepeBofa. B cucreMy JeKCHYECKHX yII-
paKHEHUI BXOJAT 3aJlaHUs Ha MEPEeBOJ HHTEPHAIIMOHAIBHBIX U TICEBJIO-
WHTEPHALMOHANBHBIX CJIOB, TEPMHHOJIOTHYECKUX CIOBOCOYETaHUH pa3-
HOU CTPYKTYpbI, MHOTOQYHKIIMOHAJIBHBIX CJIOB. YTIPa)KHEHHS HA CIOBO-
o0Opa3oBaHHE CTaBAT LENbI0 HAYYUTh CTYJCHTA IMEPEBOIUTH CIIOBA, B
COCTaB KOTOPBIX BXOIAT NMPEPUKCH U CY(PHHUKCH, YACTO BCTPEUAIOLINECS
B HAyYHO-TEXHUYECKOH JINTEPATypE.

B cucremy rpaMMaTH4ecKMX yNpaKHEHUH BXOAAT YIPaXHEHHUS Ha
MepeBo]] CTPAAaTENILHOTO 3a7I0Ta, MOAAIbHBIX IJ1arojoB, HHGUHATHBA U
WHQUHUTUBHBIX KOHCTPYKLHH, MPHYacTUS W TNPHYACTHBIX OOOPOTOB,
TepyHAus U JIp.



Unit 1
SEMICONDUCTORS

Exercise 1. Learn the following words and word combinations
and their meanings.

bind (V) — cBs3bIBaTh, MPUCOCAUHATE

circuit requirements — cxemusle TpeGOBaHUA
common (adj) — pacpocTpaHeHHBII

conduct (V) — mpoOBOJKTE TOK; CITY>KHUTh IPOBOAHUKOM
convert (V) — mpeoOpa3oBEIBaTH, IPEBPALIAThH
cornerstone of electronics — 30. ocHOBa 3JIEKTPOHUKH
household wiring circuit — romamnssis mpoBoKa

in a fraction of a second — 3a got0 CeKyHBI
insulator (n) — QUAIEKTPUK, U3OIATOP, HEIPOBOTHHUK
local area — 30na

maintain (V) — coxpaHsTh, MOJICPKUBATE

porcelain (n) — dpapdop, 30. kepamuka

possess (V) — BiaaaeTh, MIMETh, 001a1aTh

property (n) — cBoiicTBO

result in (v) — maBaTh B pe3ynbrare, IPHBOIAUTE K
semiconductor (n) — noxynpoBOAHUK

set apart (V) — oTaeNATh, pa3aeisaTh

silicon (n) — xpemuwmit

single (adj) — ornenpHbIIH

solid-state physics — ¢usuka TBepmoro TENA

spot (n) — yuactox

to give off light — usmy4ars cer

versatility (n) — yauBepcaapHOCTD

vitally important — cymectBeHHO (KM3HEHHO) Ba)KHO

Exercise 2. Read the text attentively and translate it into Russian.
Semiconductors

Most metals are good conductors of electricity; most glass and porce-
lain materials are not. Metals conduct well because they contain many
free electrons. In glass and porcelain insulators, electrons are tightly
bound to their atoms and cannot conduct current.

4



Semiconductors fall somewhere in the range between conductors and
insulators. In their pure state, at room temperature, they can conduct only
slightly because they have only a few free electrons. The most common
semiconductors are silicon and germanium.

But semiconductors possess properties that set them apart from other
materials and make them vitally important to the new technology. Their
most important characteristic is their versatility. For example, they can
be made to give off light when an electrical current is applied, or, con-
versely, to convert light into electrical current. Their level of conductivi-
ty can be raised or lowered significantly. Moreover, conductivity can be
maintained at varying levels in different local areas within a single tiny
square of semiconductor material. Thus we can have a tiny object which
is a strong conductor in many local areas and an insulator in others. In
addition, it is possible to change an insulating area to a conducting area,
or vice versa, in a fraction of a second.

As a result designers can build electrical devices like switches right in
the semiconductor material itself. In fact, it would be possible to build
entire miniature versions of household wiring circuits within a single
tiny block of semiconductor material. This ability of semiconductors to
change their state and to maintain conductive and nonconductive areas or
spots, as needed by circuit requirements, has made them the cornerstone
of electronics and has resulted in the creation of a new branch of science
called solid-state physics.

Exercise 3. Complete the table with the international words from
the text according to their stress pattern and translate them into
Russian.

Metal, material, component, atom, technology, characteristic, elect-
ronics, object, designer, local, electricity, electrical, version, electron,
fundamental, second, result, physics, engineering, apparatus, effect.

leo |20e |3 0e0 |4 0e00 | 50000 |6 00e00 7 cooeo




Exercise 4. Using the definitions given below guess the words and
cross them out in the word square.

S|TIA|JLJU|S|N]|I
E{|O|]P|R|]O|P]JE|R
MIRIA|T| I |N|JY T
Il | RIBIY|S|W|I]Y
CIOJ I |JTINJI|T]C
O|T|L|]IT|]G|R]I|H
NIC|O|N|R|T|W|D
DIU|C|V]E|BJ|I|N

1. A solid substance that has an electrical conductivity between that
of an insulator and that of most metals.

2. A substance or device which does not readily conduct electricity.

3. To change or adapt the form, character, or function of something.

4. An attribute, quality, or characteristic of something.

5. Tie or fasten (something) tightly together.

6. Possession of the means or skill to do something.

7. Very small.

8. The network of wires used in an electrical system or device.

9. A device for making and breaking the connection in an electric circuit.

Exercise 5. Match the words with the opposite meaning.

1. raise a) negative
2. conductor b) darkness
3. positive c) join

4. nonconductive d) lower

5. set apart e) conductive
6. single f) disrupt

7. build g) common
8. light h) insulator
9. maintain i) extrinsic
10. pure j) change



Exercise 6. Make up the word combinations from columns A and

B and find their equivalents in C.

A B
new state
strong characteristic
circuit temperature
porcelain electron
important requirement
room current
free material
pure conductor
glass insulator
electrical branch

C
KOMHAaTHas TeMieparypa
CTEKJISTHHBIN MaTepua
HOBast OTPacilb
YUCTOE COCTOSIHUE
cXxeMHOe TpeOoBaHue
KEpaMUYECKUN U30MSATOP
3JIEKTPUUECKUI TOK
Ba)KHAsl XapaKTEPUCTUKA
CBOOOTHBIN AIEKTPOH
CUJIbHBIA TPOBOJHUK

Exercise 7. Match the following English words and word combi-
nations with their Russian equivalents.

. to give off light

. cornerstone of electronics
. household wiring circuits
. conductivity

. in a fraction of a second

. electrical device

. miniature version

. solid-state physics

. branch of science

10. versatility

11. light-emitting diode

12. integrated circuit

O©CoOoO~NOoO ok~ WwWwNE

a) 3a JIOJT0 CEKYH/IbI

b) pusuka TBepmOTO TENA

C) YHHBEPCAIBLHOCTH

d) MuHHATIOpHAS BEpCHUs

€) JIeKTPUIECKOe YCTPOHCTBO
f) uznydats cBeT

g) IOMaIlIHASA IPOBOAKA

h) orpacib Hayku

i) IPOBOAUMOCTD

j) ocHOBa 3IIEKTPOHUKH

K) unTerpanbHas MEKpocxema
1) cBerommon

Exercise 8. Mark the following phrases S (if they both mean the

same) and D (if they are different).

1. two thirds / sixty-six percent

2. an average of thirty kilometers / exactly thirty kilometers
3. over eighteen degrees / less than eighteen degrees

S/D
S/D
S/D



4. a fifth / twenty percent S/D

5. more than half / forty-five percent S/D
6. the vast majority / ninety percent S/D
7. at least twice a week / two times a week or more S/D

Exercise 9. Answer the following questions.

1. Why do most metals conduct electrical current well?

2. What chemical elements are better conductors than the others?

3. What substance is called a semiconductor?

4. What is the difference between conductors and insulators?

5. Why are semiconductors vitally important to the new technology?

6. How can you raise or lower the level of conductivity of semicon-
ductor materials?

7. What semiconductor characteristic helps to convert a conducting
area into an insulating one?

8. Do you agree that semiconductors are the cornerstone of electro-
nics?

Exercise 10. Make up the summary of the text in Exercise 2.

The title of the text is ...

The text deals with ...

It is reported that ...

According to the text ...

It should be stressed that ...

The author comes to the conclusion that ...
| found the text rather / very ...

Exercise 11. Complete the sentences with the necessary preposi-
tion from the box.

| to, at, between, from, by, into, of, on, within, in |

1. ... room temperature, semiconductors can conduct slightly because
they have only a few free electrons.

2. This ability of semiconductors has resulted ... the creation of a new
branch of science.
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3. Electrons are tightly bound ... their atoms and cannot conduct cur-
rent.

4. Their level ... conductivity can be raised or lowered significantly.

5. Semiconductors possess properties that set them apart ... other ma-
terials and make them vitally important to the new technology.

6. The principle of operation of thermionic diodes was discovered ...
Frederic Guthrie in 1873.

7. These materials can be made to convert light ... electrical current.

8. Semiconductors fall somewhere in the range ... conductors and in-
sulators.

9. It would be possible to build entire miniature versions of household
wiring circuits ... a single tiny block of semiconductor material.

10. The materials chosen as suitable dopants depend ... the atomic
properties of both the dopant and the material to be doped.

Exercise 12. Divide the words into five columns according to their
part of speech.

Noun Adjective Pronoun Adverb | Conjunction

Glass, well, because, spot, free, a few, or, their, somewhere, state,
conversely, square, itself, requirement, moreover, light, switch, thus,
pure, ability, and, other, which, tiny, object, strong, only, them.

Exercise 13. Read the sentences and translate them into Russian.
Define the Infinitive functions.

1. The development of electronics helped to build transistors, solar
cells, many kinds of diodes including the light-emitting diode, the silicon
controlled rectifier, and digital and analog integrated circuits.

2. Electrons cannot conduct current in glass and porcelain insulators.

3. The dependence of the electron energy distribution on temperature
is accurate enough to explain why the conductivity of a semiconductor
has a strong temperature dependency, as a semiconductor opera-ting at
lower temperatures will have fewer available free electrons and holes
able to do the work.



4. It is possible to change an insulating area to a conducting area in a
fraction of a second.

5. The ability of semiconductors to change their state and to maintain
conductive and nonconductive areas or spots, as needed by circuit re-
quirements, has made them the cornerstone of electronics.

6. Silicon is used to create most semiconductors commercially.

7. The task of designers using semiconductor materials is to build
modern electronics, including radio, computers, telephones, and many
other devices.

8. To know the electricity basics is important for engineers of all spe-
cializations.

9. Enrico Fermi and Paul Dirac were the first to discover a phenome-
non that describes the energies of single particles in a system comprising
many identical particles that obey the Pauli Exclusion Principle.

10. In considering the chemical properties of metals, the first point to
be noted is that they vary widely in degree of chemical activity.

11. They want to discuss this project next week.

12. There are so many questions to be tackled as soon as possible.

Exercise 14. Translate the following text into Russian in writing.

A semiconductor is a material that behaves in between a conductor
and an insulator. At ambient temperature, it conducts electricity more
easily than an insulator, but less readily than a conductor. At very low
temperatures, pure or intrinsic semiconductors behave like insulators. At
higher temperatures though or under light, intrinsic semiconductors can
become conductive. The addition of impurities to a pure semiconductor
can also increase its conductivity.

Examples of semiconductors include chemical elements and com-
pounds such as silicon, germanium, and gallium arsenide. The conduc-
tivity of a semiconductor increases with temperature, light, or the addi-
tion of impurities because these increase the number of conductive va-
lence electrons of the semiconductor. Valence or outer electrons are the
carriers of the electrical current.

In an intrinsic semiconductor such as silicon, the valence electrons of
an atom are paired and shared with other atoms, making covalent bonds
that hold the crystal together. Under such circumstances, these valence
electrons are not free to move around as electrical current. Temperature
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or light excites the valence electrons out of these bonds, freeing them to
conduct current. The vacant positions left behind by the free electrons,
also known as holes, can move around as well, contributing to the flow
of electricity. The energy needed to excite the electron and hole is known
as the energy gap.

Doping is the process of adding impurities to an intrinsic semicon-
ductor to increase its ability to conduct electricity. The difference in the
number of valence electrons between the doping material, or dopant, and
host semiconductor results in negative (n-type) or positive (p-type) carri-
ers of electricity. The dopant is known as an acceptor atom if it *accepts’
an electron from the semiconductor atom. It is known as a donor atom if
it 'donates' an electron to the semiconductor atom.

For example, a silicon atom has four valence electrons, two of which
are required to form a covalent bond. In n-type silicon, donor atoms such
as phosphorus (P), with five valence electrons, replace some silicon and
provide extra negative electrons. In p-type silicon, acceptor atoms with
three valence electrons such as aluminium (Al) lead to an absence of an
electron, or a hole, which acts like a positive electron. The extra elect-
rons or holes conduct electricity.

When a p-type semiconductor region is placed adjacent to an n-type re-
gion, they form a diode, and the region of contact is called a p-n junction.
A diode is a two-terminal device that conducts current in only one direction.
Combinations of such junctions are used to make transistors and other semi-
conductor devices whose electrical behavior can be controlled by the appro-
priate electrical stimuli. The result of combining many transistors and other
active components along with passive ones on a single chip of silicon is the
integrated circuit, a complex electronic device designed to perform certain
functions depending on the controlling signals.
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Unit 2
CHANGING THE LEVEL OF CONDUCTIVITY
OF A SEMICONDUCTOR

Exercise 1. Learn the following words and word combinations
and their meanings.

bring about (V) — ocyiecTBnsATh, BBI3BIBATH

building block — ¢pyHkunoHaNBHBII 610K

carrier (n) — HocHUTEINB

conductivity (n) — npoBoAMMOCTh

crystalline solid — kpucramTHueckoe TBEpPIOE TETO
disrupt (v) — pa3psiBaTh, pa3pymars

doping (n) — nerupoBanue

electron flow — morok »nekTpoHOB

free (V) — BBICBOOOXK1aTh, BBITYCKATh

hole (n) — anexTpoHHast BAKaHCHs1, OTBEPCTHE, JbIpa
impurity (n) — npumech

in essence — 1o CyIIecTBy

inject (V) — MHXKEKTUPOBATh, BBOJUTH, BIPHICKUBATH
in series — mocne0BaTeNbHO, MO MOPSIIKY
interaction (n) — B3auMoelicTBHE, B3aNMOBIIHSHIE
minute (adj) — HecyIeCTBEHHBIH, HE3HAUYUTENbHbIH
nucleus (n) — simpo

proper ratio — mpaBUIBHOE COOTHOIIEHHE

refer to (V) — OTHOCHTBCS, CCHUTATHCS

solar cell — conneunslii (poToranbBaHUYECKHIL) FIIEMEHT
surplus (n) — u36sITOK

to a great extent — B 3HAUHTENHLHO CTETICHH, B OOJIBITION Mepe
treat (v) — oOpabatbiBaTh, moJBeprarb 00paboTKe

Exercise 2. Read the text attentively and translate it into Russian.
Changing the Level of Conductivity of a Semiconductor
Semiconductors are the materials, which by their conductivity are sit-

uated between conductors and insulators. The main property of these
materials is conductivity increase by temperature rise. Common semi-
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conducting materials are crystalline solids, but amorphous and liquid
semiconductors are known. In their normal state, semiconductor atoms
share electrons with their neighbors to form a tight structure that depends
on the proper ratio of electrons to nuclei. Because of this balanced struc-
ture, semiconductor materials have few free electrons and cannot con-
duct current to any great extent. However, this orderly structure can be
disrupted by introducing minute quantities of ‘impurities’ into the mate-
rial (this is referred to as ‘doping’). Some ‘impurity’ atoms will bond
with some of the semiconductor atoms and free up electrons. The
‘doped” part of the semiconductor will then be capable of conducting
current. In the case of silicon, this change can be brought about by inject-
ing tiny quantities of phosphorus. The segment so treated will now have
conducting electrons within it and is referred to as an ‘n’ (for negative)
type carrier. Alternatively, an impurity such as boron can be injected,
and its interaction with the silicon atoms will produce a surplus of posi-
tive carriers in the treated segment. The positive carriers produced this
way are referred to as ‘holes’ (because, in essence, they represent the
absence of an electron). A silicon segment doped with boron is referred
toasa ‘p’ (for positive) type carrier.

A p-n junction is formed by joining p-type and n-type semiconductors
together in very close contact. P-n junctions are elementary ‘building
blocks’ of almost all semiconductor electronic devices 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.

Exercise 3. Match the adverbs in A with their synonyms in B and
the right Russian equivalents in C.

A B C
conversely in addition IO CYTH, B CYIIIHOCTH
moreover nevertheless HA000POT
thus in essence BCIIEJICTBUE, U3-32
in fact vice versa CIIEZIOBATEIBHO, TOITOMY
however due to OJIHAKO, TEM HE MEHeE
because of SO KpPOME TOT'0
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Exercise 4. Match the chemical element in A with its definition in
B and the right translation in C.

A

B

C

Glass

The chemical element of atomic number 5,
a non-metallic solid

Kpemunii

Porcelain

The chemical element of atomic number
15, a poisonous, combustible non-metal
which  exists in two common allotropic
forms, the white one is a yellowish waxy
solid which ignites spontaneously in air and
glows in the dark, and the red one is a less
reactive form used in making matches

I'epmannii

Silicon

A hard, brittle substance, typically trans-
parent or translucent, made by fusing sand
with soda and lime and cooling rapidly; used
to make windows, drinking containers, and
other articles

Crexio

Germanium

The chemical element of atomic number
32, a shiny grey semimetal; used in making
of transistors and other semiconductor de-
vices, but largely replaced by silicon

dapdop

Phosphorus

The chemical element of atomic number
14, a non-metal with semiconducting prop-
erties; used in making electronic circuits

bop

Boron

A white vitrified translucent ceramic; china

dochop

Exercise 5. Match the words with the similar meaning.

. keep

. bind

. set apart
. small

. part

. pOSsess
. produce

CONO O WN B

14

. insulator

a) tiny

b) share

¢) bond

d) have

€) maintain
) make

) segment
h) dielectric



Exercise 6. Find the English equivalents in B to the Russian
words in A.

A
. IPUMECH
. B3aUMOJIeliCTBHE
. pa3py1iaTh
SIIPO
. H30BITOK
. 4aCTh
. BEICBOOOX1aTh
. COOTHOIIIEHHE
. JIbIpa
0. nerupoBanue

a) ability

a) influence
a) to disrupt
a) hole

a) surplus
a) area

a) to bond
a) ratio

a) area

a) light

B
b) impurity
b) attitude
b) to build
b) particle
b) property
b) segment
b) to free
b) extent
b) hole
b) carrier

C) quantity
c) interaction

¢) to bind

¢) nucleus

c) spot

c) amount

¢) to conduct
C) requirement
C) current

¢) doping

Exercise 7. Translate the following terminological word combina-
tions containing nouns only.

1. band gap

2

3. silicon atoms
4. power socket
5.
6
7
8
9
1

. vacuum tube

tungsten carbide
. light energy source

. temperature dependence

. charge carrier injection
. electron energy loss
0. consumption current

Exercise 8. Translate the following sentences into Russian paying
attention to the words in bold type.

1. Donor impurities create states near the conduction band while ac-
ceptors create states near the valence band.
2. Since the Fermi level must remain constant in a system in thermo-
dynamic equilibrium, stacking layers of materials with different proper-
ties lead to many useful electrical properties.
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3. Typically, silicon serves as the chief component for commercially
produced semiconductors, although a range of other materials, such as
germanium, gallium arsenide, and silicon carbide can be utilized as well.

4. Semiconductor solar photovoltaic panels directly convert light en-
ergy into electrical energy and have become a key focus for many com-
panies, as renewable green energy sources now have been thrust into the
spotlight; this is because of government mandates requiring lower levels
of greenhouse gas emissions.

5. The p-n junction’s properties are due to the energy band bending
that happens as a result of lining-up the Fermi levels in contacting re-
gions of p-type and n-type material.

6. Note that charge carriers of the same polarity repel one another so
that, in the absence of any force, they are distributed evenly throughout
the semiconductor material.

7. Sensors can be classified according to the type of energy transfer
that they detect.

8. When two atoms come close each energy level splits into an upper
and a lower level, whereby they delocalize across the two atoms.

Exercise 9. Put the words in the questions in the correct order
and answer them.

1. know / a / what / do / semiconductor / is / you?

2. the / does / when / of / conductivity / increase / semiconductors?

3. semiconductor / are / types / materials / what / the / of?

4. what / depend / structure / does / atoms / of / tight / semiconductor /
a/on?

5. term / what / doping / does / the / mean?

6. a / extrinsic / is / semiconductor / if / has / it / or / some / intrinsic /
impurities?

7. is / type / difference / negative / what / between / the / positive /
and / carriers?

8. the / represents / absence / what / an / of / electron?

9. formed / p-n junction / how / a / is?

10. electronic / can / what / semiconductor / name / devices / you?
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Exercise 10. Make up the summary of the text in Exercise 2.

The title of the text is ...

The text is about ...

The main idea of the text is ...

The author starts by telling the readers about ...
Much attention is given to ...

According to the text ...

The author goes on to say that ...

| found the text interesting / important ...

Exercise 11. Complete the sentences with the necessary preposi-
tion from the box.

| from, to, into, from, with, out of, in, of, on, about, off, from |

1. Some impurity atoms will bond ... some of the semiconductor at-
oms and free up electrons.

2. Most modern diodes are based ... semiconductor p-n junctions.

3. In the case of silicon, this change can be brought ... by injecting ti-
ny quantities of phosphorus.

4. The introduction of minute quantities of impurities ... the material
is referred ... as doping.

5. The interaction of boron impurities with the silicon atoms will pro-
duce a surplus of positive carrier ... the treated segment.

6. The doped part of the semiconductor will then be capable ... con-
ducting current.

7. In a p-n diode, conventional current can flow ... the anode to the
cathode, but not in the opposite direction.

8. The system will not disable sensors automatically when the screen
turns ... .

9. Always verify that a sensor exists on a device before you attempt
to acquire data ... it.

10. When ionizing radiation strikes a semiconductor, it may excite an
electron ... its energy level and consequently leave a hole.
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Exercise 12. Fill in the table with the derivatives from the words
given below and translate them.

VERB NOUN ADJECTIVE
local
injection
to phosphorate
electrical
to convert
productive
purity
... . interactive
to equip
conductor
detectable

Exercise 13. Read the sentences and translate them into Russian.
Define the Participle functions.

1. Conductivity can be maintained at varying levels in different local
areas within a single tiny square of semiconductor material.

2. When working with semiconductors it is possible to change an in-
sulating area to a conducting one.

3. The segment treated possessed conducting electrons within.

4. Such disordered materials lack the rigid crystalline structure of
conventional semiconductors such as silicon and are generally used in
thin film structures and thus are relatively insensitive to impurities and
radiation damage.

5. This ability of semiconductors to change their state and to maintain
conductive and nonconductive spots, as needed by circuit requirements,
has made them the basics of electronics.

6. Dozens of other materials including germanium, gallium arsenide
and silicon carbide are used.

7. Being influenced by temperature and pressure, the volume of any
substance is not constant.

8. Depending on the material, wavelengths or colours from the infra-
red to the near ultraviolet may be produced.
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Exercise 14. Translate the following text into Russian in writing.
Preparation of Semiconductor Materials

Semiconductors with predictable, reliable electrical properties are nec-
essary for mass production. The level of chemical purity needed is extreme-
ly high because the presence of impurities even in very small proportions
can have large effects on the properties of the material. A high degree of
crystalline perfection is also required, since faults in crystal structure (such
as dislocations, twins, and stacking faults) interfere with the semiconduct-
ing properties of the material. Crystalline faults are a major cause of defec-
tive semiconductor devices. The larger the crystal, the more difficult it is to
achieve the necessary perfection. Current mass production processes use
crystal ingots between 100 mm and 300 mm (4 — 12 inches) in diameter
which are grown as cylinders and sliced into wafers.

Because of the required level of chemical purity and the perfection of
the crystal structure which are needed to make semiconductor devices,
special methods have been developed to produce the initial semiconduc-
tor material. A technique for achieving high purity includes growing the
crystal using the Czochralski process. An additional step that can be used
to further increase purity is known as zone refining. In zone refining,
part of a solid crystal is melted. The impurities tend to concentrate in the
melted region, while the desired material recrystallizes leaving the solid
material more pure and with fewer crystalline faults.

In manufacturing semiconductor devices involving heterojunctions
between different semiconductor materials, the lattice constant, which is
the length of the repeating element of the crystal structure, is important
for determining the compatibility of materials.
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Unit 3
SEMICONDUCTOR DIODES

Exercise 1. Learn the following words and word combinations
and their meanings.

application (n) — npumenenue

available (adj) — mocTymHBIi, TPUMEHMMBII

biasing (n) — BxiroUeHIE

forward ~ / reverse ~ - npsimoe / 00paTHOE BKIFOUCHHUE
charge (n) — 3apsn

like ~s / opposite ~S — ogHOMMeHHbBIE / pA3HOMMEHHBIE 3apsiIbI
current (N) — aJeKTPUUESCKHI TOK

alternating ~ / direct ~ — mepeMeHHbIl / MOCTOSIHHBIN TOK
current flow — snexrprueckmii TOK

depletion region — o6enHenHas 061acTh

fill up (v) — 3amonusare

junction (n) — mepexox (B mMOIYIIPOBOJHUKOBOM TIPHOOPE)
p-n ~ — p-n nepexox

lead (n) — mpoBox

manufacturing process — TeXHOIOTHUECKHI TIPOIIECC
oppositely charged — mpoTHBOOI0KHO 3apsKEHHBIH
outlet (n) — pozerka

portable radio — parus

repel (v) — orrankuBath

run on (v) — paborats Ha ...

shut down (V) — oTk/IH04aThH

terminal (n) — mosroc, KIeMMa

Exercise 2. Read the text attentively and translate it into Russian.
Semiconductor Diodes

A charge is a force that repels like charges and attracts opposite
charges. If a p-type carrier is joined to an n-type carrier (during the man-
ufacturing process), and the combined segment is connected to a battery
so that the lead from the positive terminal is connected to the ‘p’ side
and the negative terminal joined to the ‘n’ side, current will flow through
the circuit. (This type of connection is referred to as ‘forward biasing’).
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Current flows because (positively charged) ‘holes’ in the p-region are re-
pelled by the positive terminal and (negatively charged) electrons in the n-
region are repelled by the negative terminal. Thus, carriers flow through the
p-n junction (the area where the two segments join) and all across the com-
bined segment, with the holes now attracted by the negative terminal and the
electrons attracted to the positive terminal of the battery.

However, if the positive terminal of the battery is connected to the ‘n’
side of the joined segment, and the negative terminal is connected to ‘p’
side, there will be no current flow. (This is referred to as ‘reverse bia-sing’).

Current ceases to flow because the positive terminal strongly attracts
the electrons in the n-region, the negative terminal attracts the ‘holes’ in
the p-region, and a wide area depleted of electrons and ‘holes’ forms at
the p-n junction. This area will, effectively, have become an insulator,
shutting down the current.

The p-n semiconductor is an important electronic device and is re-
ferred to as a “diode’. Since it will permit current flow in only one direc-
tion, it can convert alternating current (AC) into direct current (DC), and
it has many vital applications in industry and science. (Many devices run
on direct current, for example, many types of motors, calculators, and
portable radios. When one wants to use an AC source such as a house-
hold outlet to run these devices, a diode can be used to convert the AC
current to direct current).

Exercise 3. Complete the table with the international words from
the text according to their stress pattern and translate them into
Russian.

Process, electrode, negative, effectively, segment, radio, diode, bat-
tery, electric, positive, minute, calculator, terminal, combined, germani-
um, region, industry, convert, motor, opposite, electronic, cubic.

1 eo 20e@ 3 e00 4 ce0 5 oce00 6 coeo
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Exercise 4. Complete the sentences with the correct words and
cross them out in the word square. (The words go across or down).

1. Two adjectives that current can be

a ,d

2. Two verbs that charges perform

r ,a

3. Two adjectives that biasing is

f T

4. Two adjectives that charges are

| , 0

5. Two verbs that current does

f , C

6. Two adjectives that terminals can be

P , N
PIO|S| I |T|]I|V|E|O|S|T
DIR|F|B|V|F|K|J|P|G]|C
G|E|O|R|S|H|E|Q|P|H]U
L/IPIQ|I |F|L|O|W|O]|PI|N
N|IE|M|T|O|U|X|E|S|Q|E
AIL|IT|IE|R|N|JA|T|I |N|G
TIW/IR|CIW|Y|L|W|T|]Z|A
TIA|/D|V|IA|T|Z|Y|E|I|T
RIE|/V|IE|R|S|E|Z|A|W]|I
A/ B|J|]Y|ID|I|R|E|C|T]|V
C|O|N|V|IE|R|T|X|A|LI|E
T|IK|PIM|{N|JO|J]|L|I |K|E

Exercise 5. Unjumble the letters to make the words from the text.

1. curciti c
2. nirmatle t
3. gisabin b
4, ciutnjno j
5. gemtsen S
6. rirecar c
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7. runisatol
8. vedeci

9. letrecon
10. rutrecn
11. tetybra
12. heacgr

O o0 oo —

Exercise 6. Match the following English word combinations with
their Russian equivalents.

. depletion regi
. negative term

. like charges

O©CoO~NOOITD,WNPEF

10. current flow
11. p-n junction

on
inal

. household outlet
. reverse biasing

. electronic device

. alternating current

. semiconductor diode

. manufacturing process

a) ObITOBas po3eTKa

b) snexrponnsIit mpudop

C) p-n mepexon

d) oTpunarenpHas KiemMma

€) DIIEKTPUIECKUI TOK

f) omHOMMEHHBIE 3aPSIBI

0) TEXHOJIOTHYECKHI TIPOIIECC
h) o6enHeHHas 001acTh

i) mepeMeHHBII TOK

J) Oy TIPOBOTHMKOBBII IO
k) oOpatHOe BKITIOUCHME

Exercise 7. Match the abbreviations in A with their definitions in
B and the right Russian equivalents in C.

B
et cetera
cubic centimetre
id est
exempli gratia
Versus
melting point
feet per minute
outer diametre
horse power
direct current

C
MIPOTHUB, B CPAaBHEHUH C
Hapy>KHBII TUaMeTp
TOYKA IJIaBJICHUS
MOCTOSIHHBIHN TOK
Hanpumep
(hyTOB B MUHYTY
KyOH4YecKUil CAHTUMETP
U TaK jgajee
JoIaivHAasA cuia
TO €CThb
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Exercise 8. Answer the following questions.

1. What does the term ‘charge’ mean?

2. What is forward biasing?

3. Why does an electrical current flow?

4. How is p-n junction formed?

5. Why doesn’t current flow during reverse biasing?

6. When does the area of the p-n junction become an insulator?

7. What converts alternating current into direct current?

8. Almost all appliances run on DC, don’t they?

. Do you happen to know what branch of engineering is concerned
with diodes?

©

Exercise 9. Make up the summary of the text in Exercise 2.

The text is under the headline ...
The main idea of the text is ...
According to the text ...

The author points out ...

It should be stressed that ...

In conclusion the author says that ...
| found the text useful ...

Exercise 10. Translate the following terminological word combi-
nations containing nouns only.

. check valve

. silicon crystal detector

. radio receiver

. heat sink

. power supply device

. tube diode

. depletion layer

. conduction band electron
. transfer function analyzer
10. voltage drop

11. power rectifier diode

O©CooO~No ok, WwWNBE
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Exercise 11. Study the description of the forward biased junction
diode and speak about the principles of its operation.

Positive
4+t -—
+

I,Tunction —

_ m_"_ Negative —
l

Fig. 1. Forward-biased junction diode

When the diode is not connected to any source of power, the p-n
junction fills up with neutralizing positive and negative charges, and
serves as an insulator (or depletion region) between the p- and n- regions
of the diode. However, when the diode is connected to a power source,
with the negative terminal of the power source connected to the negative
region, and the positive terminal to the positive region, the regional
negative and positive charges are repelled by those terminals (since like
charges repel like charges) and are driven toward and across the p-n
junction. Once they have crossed the junction, they are attracted to the
oppositely charged terminal on the other side of the junction. They con-
tinue to move toward the oppositely charged terminals, and the diode
will now conduct current as long as the power source is available.

Exercise 12. Complete the sentences with the necessary preposi-
tion from the box.

| through, to, in, on, towards, at, into, between, for |

1. A lot of devices such as motors, portable radios and calculators run
... direct current.

2. This junction importance is the creating of a region ... the p and n
layers.

3. In a diode, current can flow easily ... one direction but not the oth-
er, which is a basis for digital electronics.
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4. Regional negative and positive charges continue to move ... the
oppositely charged terminals.

5. A diode can be used ... converting alternating current ... direct
current.

6. When a diode is not connected ... any source of power, the p-n
junction serves as an insulator.

7. Carriers flow ... the p-n junction and all across the combined seg-
ment.

8. This method is useful because it lets you determine the maximum
rate ... which a sensor can acquire data.

Exercise 13. Translate the following sentences into Russian pay-
ing attention to the use of the Complex Subject.

1. The work on a new discovery is sure to be easy.

2. Silicon is considered to be the 'universal’ semiconductor material.

3. The fabrication of heterojunction bipolar transistors is known to be
based on GaAs and other compounds.

4. The results of his research turned out to be even more interesting
than we had expected.

5. This invention is certain to save much money.

6. Heterojunction bipolar transistors are expected to have a bright fu-
ture in microwave integrated circuits.

7. The practical importance of this invention proved to be great.

8. Epitaxy, or ion implantation, is believed to be used to produce are-
as of different conductivity type.

9. Most semiconductor materials are known to be made by introduc-
ing controlled numbers of impurity atoms into a crystal, the process
called doping.

10. Two independent lines of development are considered to lead to
microscopic technique that produced the present integrated circuits.

Exercise 14. Read the sentences and translate them into Russian.
Define the Participle functions.

1. Circuits that require current flowing in only one direction will typi-
cally consist of one or more diodes in the circuit design.
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2. It has resulted in the creation of a new branch of science called sol-
id-state physics.

3. The positive carriers produced this way are referred to as ‘holes’.

4. In semiconductors current being carried either by the flow of elec-
trons or by the flow of positively charged ‘holes’ is often schematized in
the electron structure of the material.

5. The first radio receiver using a crystal diode was built around 1900 by
Greenleaf Whittier Pickard.

6. With most metals the Hall effect indicates electrons are the charge
carriers, however, some metals have a mostly filled conduction band.

7. Organic semiconductors, that is, organic materials with properties
resembling conventional semiconductors, are also known.

8. The experiment carried out by the sophomores showed good re-
sults.

9. Having been injected the silicon atoms produced a surplus of posi-
tive carriers in the treated segment.

10. Semiconductors are subject to optical charge carrier generation
and therefore most are packaged in light blocking material.

Exercise 15. Translate the following text into Russian in writing.
Voltage References

A voltage reference is an electronic device which generates constant
voltage that is little affected by variations in power supply, temperature,
load, aging and other factors. Many voltage references are available in mon-
olithic forms; however, in low-cost applications, especially in consumer
products, a simple device known as a Zener diode is often emp-loyed.

A Zener diode has a constant voltage drop in a circuit when provided
with a fairly constant current derived from a higher voltage elsewhere
within the circuit. The active portion of a Zener diode is a reverse-biased
semiconductor p-n junction. When the diode is forward biased, there is
little resistance to current flow. When the diode is reverse-biased, very
little current flows through it if the applied voltage is less than Vz. A re-
verse saturation current is a small leakage which is almost independent
of the applied voltage. When the reverse voltage approaches the break-
down voltage Vz, the reverse current increases rapidly and, if not limited,
will result in the diode overheating and destruction. For that reason, Ze-
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ner diodes usually are used with current-limiting components, such as
resistors, positive temperature coefficient (PTC) thermistors or current
sources. The Zener voltage decreases as temperature of the junction rises.

Zener diodes fall into three general classifications: regulator diodes,
reference diodes, and transient voltage suppressors. Regulator diodes are
normally employed in power supplies where a nearly constant DC output
voltage is required despite relatively large changes in input voltage or
load impedance. Such devices are available with a wide range of voltage
and power ratings, making them suitable for a wide variety of electronic
equipment. Regulator diodes, however, have one limitation: they are
temperature sensitive. Therefore, in applications in which the output
voltage must remain within narrow limits during input-voltage, load-
current, and temperature changes, a temperature-compensated regulator
diode, called a reference diode, is required.

It makes sense to take advantage of the differing thermal characteris-
tics of forward- and reverse-biased silicon p-n junctions. Like any silicon
diode, a forward-biased junction has a negative temperature coefficient
of approximately —2 mV/-C, whereas a reverse-biased junction has posi-
tive temperature coefficient ranging from about 2 to 6 mV/-C depending
on the current and the diode type. Therefore, it is possible, by a selective
combination of forward- and reverse-biased junctions, to fabricate a de-
vice with a very low overall temperature coefficient. The voltage chang-
es of the two junctions are equal and opposite only at the specified cur-
rent. For any other value of current, the temperature compensation may
not be ideally accomplished. Nevertheless, even a simple back-to-back
connection of two Zener diodes of the same type may significantly im-
prove the overall temperature stability over a rather broad range of cur-
rents and temperatures. Naturally, the reference voltage from the combi-
nation is higher than from a single Zener diode. The so-called band gap
references are often useful substitutes for Zener diodes. They have typi-
cally 10 times lower output impedance than low-voltage Zeners and can
be obtained in a variety of nominal output voltages, ranging from 1.2 to
10 V. Currently, a large variety of high-quality voltage references with
selectable outputs is available from many manufacturers.

28



Unit 4
LIGHT-EMITTING DIODES

Exercise 1. Learn the following words and word combinations
and their meanings.

band gap — 3anpeménnas 3ona

constituent (N) — KOMIIOHEHT, COCTaBHAS YaCTh

efficiency (n) — Beixon, apdexruBaocts, KITJ]

embody (V) — npeacTaBIsATh

emit (V) — ucrnyckarb, H3J1y4aTh

epoxy dome — smokcuHast 060I09YKa

exhibit (V) — mpostBIATE, TOKa3HIBATH

halide-transport vapor phase epitaxy (HVPE) — ragouanas nepeaaua
ra3o¢a3Hol YMUTAKCHU

high-volume production — maccoBoe mpou3BoICTBO

intractable (adj) — TpynHbIii, TpyAHOOOpaOATHIBAEMBbIit

liquid-phase epitaxy (LPE) — skuakocTHas SIIUTaKCHUs

lower level — HmkHUII SHEPreTHUECKHIA YPOBEHD

metal-organic-vapor-phase epitaxy (MOVPE) — merannoopranuye-
cKast ra3oazHast SIUTAKCUS

operating current — paGoumii TOk

semiconductor chip — monympoBOAHMUKOBBIN KPHCTAILT

structural member — 6a30BbIit S1eMeHT

yield (V) — npuBoauts (k yeMy-ar60)

Exercise 2. Read the text attentively and translate it into Russian.
Check the pronunciation of the abbreviations in Exercise 4.

From the History of Light-Emitting Diodes

A light-emitting diode (LED) is a semiconductor device which emits
visible, infrared or ultraviolet radiation due to flow of electric current
through it. Essentially it is a p-n junction device with p- and n-regions
made from the same or different semiconductors. The colour of the emit-
ted light is determined by the energy of the photons, and in general, this
energy is usually approximately equal to the energy band gap Eg of the
semiconductor material in the active region of the LED. I11-V semicon-
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ductors such as GaAs, GaP, AlGaAs, InGaP, GaAsP, GaAsInP, Al-
GalnP, etc. are the common constituents of an LED. However, which
materials would be used for which LED depends on the choice of colour,
performance and cost. Typically, a semiconductor chip embodying an
LED is 250 x 250 um?2 which is mounted on one of the electrical leads.
The top of the chip is electrically connected to the other leads through a
bound wire. The epoxy dome serves as a lens to focus the light and as a
structural member to hold the device together. Operating currents at a
forward voltage of about 2 V are usually in the range of 1-50 mA.

The external quantum efficiency, which is defined as the number of
photons per each electron passing through the device, is roughly equal to
the power efficiency of LEDs, and ranges from less than 0.1 % to more
than 10 %. The performance of LEDs is typically in the range of 1 to
10 W, although performance as high as 20 W™ can also be achieved.
This is comparable with 10-15 W™ performance of an incandescent
bulb. LEDs are very suitable for room illumination because, at the lower
level, they can operate even at less than 0.1 W.

Red GaAsP LEDs exhibiting heterostructure were first introduced
commercially by General Electric following the invention of Holonyak
and Bevacqual. High-volume production of GaAsP LEDs did not, how-
ever, begin until 1968 when the introduction of GaP:ZnO LEDs was
about to take place. Both GaAsP and GaP:ZnO LEDs exhibited an effi-
ciency of about 0.1 W™ and were available only in the colour red. In the
late 1960s and the early 1970s it was discovered that nitrogen can pro-
vide an efficient recombination center in both GaP and GaAsP. The dis-
covery led to the commercial introduction of red, orange, yellow, and
green GaAsP:N and GaP:N LEDs with an improved performance in the
range of 1 W™, Later it was found that both homostructure AlGaAs and
heterostructure AlGaAs LEDs could offer potential performance ad-
vantages over GaAsP and GaP homojunction LEDs. Nevertheless, it was
not easy to realize it in practice because more than a decade of develop-
ment was needed to realize high-volume liquid-phase epitaxy (LPE) re-
actors capable of growing high-quality multilayered device structures.
As a result, such LEDs did not become commercially available until the
early 1980s. The performance of these LEDs was, however, significantly
improved, which ranged now from 2 to 10 W™ depending upon the
structure employed. Thus, for the first time, LEDs broke the efficiency
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barrier of filtered incandescent bulbs, enabling them to replace light
bulbs in many outdoor lighting applications.

As a result of continuous efforts in research, AlGalnP based orange
and yellow LEDs with efficiencies higher than 10 W™ were developed in
the early 1990s. Interestingly, conventional techniques such as LPE or
halide-transport vapor phase epitaxy (HVPE) proved intractable for the
growth of these LEDs. The metal-organic-vapor-phase epitaxy
(MOVPE) system which emerged as a powerful crystal-growth tech-
nique in the late 1960s and yielded high-performance AlGaAs LEDSs in
the late 1970s was eventually employed for a more controlled growth of
heterostructure AlGalnP LEDs. The performance of these LEDs was
satisfactory. In the early 1990s SiC based LEDs emerged as potential
blue colour emitters. The development of the brighter blue LEDs, using
ZnSe, which have shown promise in the research laboratory, was emerg-
ing as a major area in the 1990s.

Parallel to the development of visible LEDs infrared (IR) LEDs also
attracted interests. Instead of being detected by eyes, these LEDs are de-
tected by photodiodes or phototransistors. Therefore, IR LEDs can func-
tion as important tools for transmitting data. How fast these data will be
transmitted depends on the switching speed of the IR LEDs. Therefore,
this switching speed is quite unimportant for visible LEDS, this is an
important performance parameter for IR LEDs.

Exercise 3. Find the English equivalents in B to the Russian
words in A.

A B
1. onpenensTh a) emit b) depend ¢) determine
2. BUIUMBIiI a) internal b) visible ¢) comparable
3. npubmmsurensHo | a) typically b) usually c) roughly
4. CTOUMOCTB a) cost b) junction ¢) performance
5. U3BMEHSATh a) vary b) improve c) realize
6. xotTs a) hence b) essentially  c) although
7. mocTurath a) prove b) achieve c) embody
8. moaxosuuit a) suitable b) movable C) reasonable
9. uzobpereHue a) discovery  b)invention ) introduction
10. obecrieunBars | a) provide b) define c) do
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Exercise 4. Match the abbreviations in A with their definitions in
B and the right Russian equivalents in C.

A B C

AlGaAs | Gallium arsenide phos- ApceHun ranvs
phide

AlGalnP | Nitrogen-doped gallium Wupns-ramus pochun
phosphide

GaAs Aluminum indium gallium | JlerupoBaHHBIiT a30TOM
phosphide dbochun ramust

GaAsP Zinc oxide-doped gallium | Iaus-MblbsKa-HHANS
phosphide dbochun

GaAsInP | Gallium phosphide Cenenut UHKA

GaAsP:N | Silicon carbide dochu rams

GaP Aluminum gallium arse- JlernpoBaHHBIi a30TOM ap-
nide ceHodochuI ramms

GaP:N Nitrogen-doped gallium ANOMUHUS-TaTUS-AHINS
arsenide phosphide bochu

GaP:ZnO | Zinc selenide KapOua kpemHust

InGaP Gallium arsenide Apcenodocdun ramms

SiC Indium gallium phosphide | Apcennn anmroMuHUS-TaIHS

ZnSe Gallium arsenide indium JlernpoBaHHBIH OKCHIOM

phosphide

nuHKa Gochun raums

Exercise 5. Make up the word combinations from columns A and
B and find their equivalents in C.

A B C
electrical lead MaccoBOE TPOU3BOJICTBO
operating bulb MO IPOBOHUKOBBIN MPHOOP
switching device 0a30BBIil 3JIEMEHT
forward current ANEKTPUUECKUI TTPOBOJT
volume efficiency JIaMIIa HaKaJHBaHHsI
structural speed CKOPOCTH MEPEKTIOUEHSI
guantum voltage KBAaHTOBBIH BBIXO]
semiconductor member pabouuii Tok
incandescent production MPSIMOE HAIPSKEHHE

32




Exercise 6. Using the definitions given below guess the words and
cross them out in the word square.

go|n|o|Zz|31|>|0

—|o|Z|Hd|o|T|ov|—
oZmzZ|Oo|—|H|>
Olw|irimmmn—|0O
mi4m|<O|Z/m|—
—4|—=|0|Z|>|0|T|T
cmiz(H|Z|=™|3™|m
Z|o|—|d|l0o|Zz|C|«~

1. A semiconductor device with two terminals, typically allowing the
flow of current in one direction only.

2. A region of transition in a semiconductor between a part where
conduction is mainly by electrons and a part where it is mainly by holes.

3. A particle representing a quantum of light or other electromagnetic
radiation; it carries energy proportional to the radiation frequency but
has zero rest mass.

4. A component part of something.

5. The capabilities of a machine, product, or vehicle.

6. The emission of energy as electromagnetic waves or as moving suba-
tomic particles, especially high-energy particles which cause ionization.

7. An object or device which focuses or otherwise modifies the direc-
tion of movement of light, sound, electrons, etc.

8. The ratio of the useful work performed by a machine or in a pro-
cess to the total energy expended or heat taken in.

Exercise 7. Say if the following sentences are true or false.
Correct the false ones.

1. The tip of the chip is electrically connected to the other leads.

2. The color of the emitted light is determined by the energy band gap.

3. The epoxy dome serves as a lens to focus the light.

4. Switching speed is an important performance parameter for IR
LEDs.
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5. Operating currents at a reverse voltage of about 2 V are usually in
the range of 1-50 mA.

6. LEDs are not very suitable for room illumination.

7. High-volume production of GaAsP LEDs did not, however, begin
until 1968.

8. How fast data will be transmitted depends on the quantum efficien-
cy of the IR LEDs.

9. Which materials would be used for which LED doesn’t depend on
performance, cost and colour.

Exercise 8. Make up the summary of the text in Exercise 2.

The text is under the headline ...
The text deals with ...

It is pointed out that ...

Much attention is given to ...
Further the author says that ...

I think this text is ...

Exercise 9. Form adjectives from the following nouns.

Noun Adjective
1. vision a)
2. radiation b)
3. colour c)
4. difference d)
5. electricity e)
6. equality 1j)]
7. connection )
8. structure h)
9. operation i)
10. thickness 1)
11. base K)
12. strength )
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Exercise 10. Cross out the odd word. All the words in the line
should belong to one part of speech.

1. Orange, yellowish, interestingly, infrared, external.

2. Emit, radiation, determine, mount, achieve.

3. Approximately, essentially, typically, efficiency, roughly.
4. Or, with, of, by, to.

5. Flow, emitter, active, junction, semiconductor.

6. Powerful, transistor, terminal, bulb, device.

7. Act, work, measurement, indicate, operate.

Exercise 11. Restore the original sentences and translate them.

1. Very / illumination / LEDs / suitable / room / are / for.

2. Than / at/ can/ they / operate / 0.1W / even / less.

3. Significantly / the / these / was / of / LEDs / improved / perfor-
mance.

4. By / infrared / or / LEDs / phototransistors / detected / are / photo-
diodes.

5. As / LEDs [/ for / function / data / important / IR / transmitting /
tools / can.

6. Visible / the / quite / speed / for / switching / is / LEDs / unim-
portant.

7. LED / appliance / emits / an / is / an / which / radiation / ultraviolet.

Exercise 12. Think of the questions using the following sentences.

1. AlinGaP based orange and yellow LEDs with efficiencies higher
than 10 W™ were developed in the early 1990s.

When ?

What ?

2. A light-emitting diode is a semiconductor device which emits visi-
ble, infrared or ultraviolet radiation.

What ?

What radiation ?

3. The production of filtered incandescent bulbs enabled to replace
light bulbs in many outdoor lighting applications.

What ?
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Where ?
4. Infrared LEDs can function as important tools for transmitting data.

What kind ?
What purpose ?
5. The application of necessary materials depends on the choice o

colour, performance and cost.

What ?
Does ?

Exercise 13. Read the sentences and translate them into Russian.
Define the Participle functions.

1. The colour of the emitted light is determined by the energy of the
photons.

2. Typically, a semiconductor chip embodying an LED is 250 x
x 250 um?2 which is mounted on one of the electrical leads.

3. Red GaAsP LEDs exhibiting heterostructure were first introduced
commercially by General Electric.

4. AlInGaP based orange and yellow LEDs were developed in the
early 1990s.

5. The development of the brighter blue LEDs, using ZnSe, was
emerging as a major area in the 1990s.

6. Instead of being detected by eyes, these LEDs are detected by pho-
todiodes or phototransistors.

7. How fast these data will be transmitted depends on the switching
speed of the IR LEDs.

8. LEDs broke the efficiency barrier of filtered incandescent bulbs,
enabling them to replace light bulbs in many outdoor lighting applica-
tions.

9. The top of the chip is electrically connected to the other leads
through a bound wire.

10. Operating currents at a forward voltage of about 2 V are usually
in the range of 1-50 mA.

11. The external quantum efficiency is defined as the number of pho-
tons per each electron passing through the device.
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Exercise 14. Translate the following text into Russian in writing.
Switch on Wallpaper to Light Your Home

New ‘light-emitting wallpaper’ could be developed to replace tradi-
tional light bulbs and cut carbon emissions from lighting in the next few
years. Several companies are involved into research activities in this
sphere. For example, a Welsh company developing the technology has
been awarded a £454,000 grant from the Carbon Trust to help get it into
homes, business and on the roads.

This technology is known as organic light emitting diodes (OLED)
one. It can be coated onto a thin flexible film to cover walls like wallpa-
pers. Today it is already used for flat screen televisions, computers and
mobile phone displays.

One of the main advantages of this technology is the need of a very
low operating voltage — of just three to five volts, and as a result, it can
be powered by solar panels or batteries. So it can be used outside to light
road signs and barriers without the need for mains electricity.

The technology is up to be 2.5 times more efficient than current ener-
gy-saving light bulbs, and could also be used to lower the energy use of
television screens.

Organic LEDs have been around for some time but widespread use
has been hindered by the high cost, reliability and short operating life-
time of the systems.

Nowadays new chemicals are being developed, and their improve-
ment allows low-energy devices to replace existing technology. New
material is a chemical that in a flat panel display screen everyone can put
it in the device and it emits light. In a light people can put it anywhere.
They also can paint it on a wall or wallpaper.

The OLED technology could be used to make flexible screens that could
be rolled up after use. It gives everyone all kinds of potential for how they
do lighting. It is also necessary to mention, that the light of OLED is a very
natural, sunlight-type of lighting with the full colour range.

Lighting is a major producer of carbon emissions. And this technolo-
gy has the potential to produce ultra-efficient lighting for a wide range of
applications, tapping into a huge global market.
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Unit5
SENSORS

Exercise 1. Learn the following words and word combinations
and their meanings.

burglar alarm — oxpannas curHamusamnus

chunk (n) — moprus, Kycox

fiber optics strand — BomokoHHO-OIITHYECKAs KM (Kabesst)
furnace (n) — meus, Tonka

hard-to-reach (adj) — TpyaHomocTynHbIH

headquaters (n pl) — 6asa, 30. 06pabaTHIBAOIIMIA TIEHTD
hostile surrounding — arpeccuBHas cpezaa

outer space — KOCMHYECKOe IIPOCTPAHCTBO

power-train system — TpancMuccHs

precision (n) — To4HOCTH

prolific (adj) — npoaykTHBHBII

spy satellite — pa3BepIBaTENBHBII CITYTHHUK, CIIY THUK-IIIMTAOH
smoke detector — unaukarop (HaT4mk) ApIMa

surveillance (n) — HabmoeHKUE, KOHTPOIIb

to go out of tolerance — BeIXOIUTH WU3-TIOA KOHTPOJIS

tough (adj) — sxécTkwmit, yrpyruit

vehicle (n) — TpaHcopTHOE CPEACTBO, ABTOMOOMIIb
weather vane — ¢urorep

Exercise 2. Read the text attentively and translate it into Russian.
Sensors

A sensor is a device that is sensitive to certain conditions in its envi-
ronment, such as light, temperature, pressure, motion, and the presence
of particular substances. Ordinary cameras are sensors, as are spy satel-
lites, thermostats, smoke detectors, weather vanes, and burglar alarms.
Sensors are particularly helpful when they can be placed in hard-to-reach
locations such as outer space, hot furnaces, working engines, deep water,
and the internal organs of human beings. In such situations they provide
information that can be obtained in no other way.
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In addition to their ability to ‘read” some condition of a particular en-
vironment, sensors must be able to report back to ‘headquarters’, so that
the information can be utilized. From outer space, the reporting will be
by radio; from deep sea waters, it will probably be through fiber optics
strands. A host of other reporting methods are used.

Sensors are also particularly helpful in situations where constant sur-
veillance is necessary. In very high precision manufacturing processes,
sensors may be used to provide an immediate warning when some phase
of the operation goes out of tolerance. Hospital patients who are critical-
ly ill may have sensors attached to them to warn immediately of any
change in vital functions.

Sensors have become particularly important in the computer age due
to the computer's ability to accept and analyze huge chunks of data with
great speed. This is important in complex manufacturing operations and
in military situations where reaction time is often extremely critical.

The combination of the sensor and the chip is a particularly potent
one; the ability of the chip to control a machine, or a physical process,
makes possible a high degree of automation. Silicon, the most familiar
semiconductor material, makes a particularly good sensor because of its
sensitivity to many environmental conditions; it is also a tough material,
quite resistant to hostile surroundings.

Modern automobiles are prolific users of sensors. A typical vehicle
may contain as many as eight sensors in its power-train system alone.

Exercise 3. Match the following English word combinations with
their Russian equivalents.

1. particular substance a) BbICOKAst TOYHOCTh

2. constant surveillance b) TpyaHomocTyHOE MecTO

3. manufacturing process C) BHEIIHHUE YCIIOBHS

4. deep sea water d) BOJIOKOHHO-OTITHYECKAS YKIJTA
5. hard-to-reach location €) XKu3HeHHas ()yHKIHS

6. power-train system f) ocoboe BemecTBO

7. vital function g) MPOM3BOICTBEHHBII MPOIIECC
8. fiber optics strand h) Tpancmuccust

9. environmental conditions i) Mopckas TIyOuHa

10. high precision J) MOCTOSIHHBIIH KOHTPOJIb
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Exercise 4. Using the definitions given below guess the words and
cross them out in the word square.

O IZmo>|iric
TIO|ILW|O|I>|T|lvwm
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w|clom|o|Z|m|-
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1. An artificial body placed in orbit round the earth or another planet
in order to collect information or for communication.

2. The physical universe beyond the earth's atmosphere.

3. A specific type of matter, especially a homogeneous material with
a definite composition.

4. A device which detects or measures a physical property and rec-
ords, indicates, or otherwise responds to it.

5. The natural world, as a whole or in a particular geographical area,
especially as affected by human activity.

6. The degree or intensity of heat present in a substance or object, es-
pecially as expressed according to a comparative scale and shown by a
thermometer or perceived by touch.

7. Giving or ready to give help.

8. A device for recording visual images in the form of photographs,
movie film, or video signals.

Exercise 5. Translate the following terminological word combina-
tions containing Participle I.

1. piezoceramic sensing element
2. translating equipment

3. detecting data

4. controlling electrode

5. cooling bed

6. emitting diode layer
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7. lighting mains

8. measuring accuracy

9. producing country

10. closing switch

11. switching amplifier

12. driving frequency

13. colour rendering index

14. engineering approximation

Exercise 6. Make up the word combinations from columns A and
B and find their equivalents in C.

A B C
smoke vane ¢rorep
deep time MIPOYHBIN MaTepHail
weather water KOCMHYECKOE IIPOCTPAHCTBO
burglar optics BpEMsI peaKiiu
outer surrounding JIATYUK JbIMA
fiber detector CITy THUK-IIIITHOH
reaction satellite CUTHAIU3aLUs
spy alarm arpeccHBHas cpea
tough space r1yOOKOBOIHBIN Y4aCTOK
hostile material OITOBOJIOKHO

Exercise 7. Translate the following noun plus noun word combi-
nations. Pay attention to the difference in meaning depending on the
noun position.

1. diode chip — chip diode

2. junction rectifier — rectifier junction
3. beam cathode — cathode beam

4. alloy process — process alloy

5. action field — field action

6. finger contact — contact finger

7. control accuracy — accuracy control
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Exercise 8. Put the words in the questions in the correct order
and answer them.

1.a/is/to/what/ sensitive / sensor ?

2. examples / of/ you / sensors / do / any / know?

3. sensors / are / when / helpful / especially?

4. mention / hard-to-reach / can / what / locations / you?

5. is/ function / the / what / of / sensor / a / main?

6. people / medical / do / manufacturing / how / and / sensors / in /
help / process / treatment?

7. and / computer / are / engineering / in / why / important / sensors /
military?

8. popular / silicon / the / semiconductor / is / isn’t / most / material / it?

Exercise 9. Make up the summary of the text in Exercise 2.

The text is under the headline ...

It is devoted to ...

The author points out that ...

According to the text ...

It is reported that ...

The author comes to the conclusion that ...
| found the text interesting because ...

Exercise 10. Complete the sentences with the necessary preposi-
tion from the box.

| into, with, of, to, of, by, on, in, to, from |

1. A sensor is often defined as a device that receives and responds ...
a signal or stimulus.

2. When we say ‘electrical’, we mean a signal which can be chan-
neled, amplified, and modified ... electronic devices.

3. The sensor’s output signal may be ... the form ... voltage, current,
or charge.

4. Any sensor is an energy converter. No matter what you try to
measure, you always deal ... energy transfer ... the object of measure-
ment ... the sensor.
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5. A room temperature thermometer inserted ... a hot cup of liquid
cools the liquid while the liquid heats the thermometer.

6. Sensors became extremely important because ... the computer’s
ability to process data.

7. Whether you’re awake or asleep, a working smoke alarm is con-
stantly ... alert, scanning the air for fire and smoke.

Exercise 11. Cross out the odd word. All the words in the line
should belong to one part of speech.

. Light, temperature, vital, camera, motion.

. Particularly, supply, regularly, subsequently, repeatedly.
. In, to, of, out of, and.

. Comprise, generate, circuit, merge, occur.

. Provide, reaction, analyze, utilize, accept.

. These, it, since, anything, our.

. Sensor, develop, chip, thermostat, alarm.

. Response, define, device, signal, stimulus.

ONO O WDN -

Exercise 12. Form the adjectives from the following nouns.

Noun Adjective
1. depth a)
2. necessity b)
3. physics c)
4. help d)
5. sensitivity e)
6. addition f)
7. information )
8. resistance h)
9. hostility i)
10. type )i
11. length k)
12. commerce )
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Exercise 13. Open the brackets using the Passive Voice verb forms.

1. For accuracy, most sensors (to calibrate) against known standards.

2. The sensitivity then (to define) as the magnitude or time of re-
sponse of an instrument or circuit to an input signal, such as a current.

3. New types of sensors (to develop) recently.

4. A mercury-in-glass thermometer (to demonstrate) by scientists
many years ago.

5. Sensors (to use) in everyday objects such as touch-sensitive eleva-
tor buttons and lamps which dim or brighten by touching the base.

6. The functions of the ideal sensors just (to discuss).

7. Most sensors (to influence) by the temperature of their environ-
ment.

8. It is supposed that this type of sensors (to patent) next year.

Exercise 14. Translate the following sentences into Russian pay-
ing attention to the words in bold type.

1. The term sensor should be distinguished from transducer. The lat-
ter is a converter of one type of energy into another, whereas the for-
mer converts any type of energy into electrical.

2. An example of a transducer is a loudspeaker which converts an
electrical signal into a variable magnetic field and, subsequently, into
acoustic waves.

3. An actuator may be described as opposite to a sensor — it converts
electrical signal into generally nonelectrical energy.

4. Generally, the sensor’s input signals (stimuli) may have almost
any conceivable physical or chemical nature (e. g., light flux, tempera-
ture, pressure, vibration, displacement, position, velocity, ion concentra-
tion, etc.).

5. For instance, a motion detector for a security system should be
sensitive to movement of humans and not responsive to movement of
smaller animals, like dogs and cats.

6. Microelectromechanical systems (MEMS) are microdevices, hav-
ing different forms and usages. Usually they are made in accordance to
the basic stages of microelectronic technology.
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7. MEMS technologies are being used in a wide range of micro de-
vices such as movement (accelerometers, gyroscopes) and pressure sen-
sors, micro generators, mirrors, microphones, etc.

8. Russian MEMS Association is proud to be the first at the domestic
market to offer microelectromechanical processes to Russian MEMS
players of electronics, radioelectronics and automotive industries, as
well as those MEMS participants engaged in health monitoring of build-
ings and structures, telecommunications and data communication, safety
systems, medicine, environment monitoring and light emission detection.

9. In the case of microsensors, the device typically converts a meas-
ured mechanical signal into an electrical signal.

Exercise 15. Translate the following text into Russian in writing.
What Are MEMS?

MEMS means different things to different people. The acronym
MEMS stands for microelectromechanical systems and was coined in the
United States in the late 1980s. Around the same time the Europeans
were using the phrase microsystems technology (MST). It could be ar-
gued that the former term refers to a physical entity, while the latter is a
methodology. The word “system’ is common to both, implying that there
is some form of interconnection and combination of components. As an
example, a microsystem might comprise the following:

* A sensor that inputs information into the system;

* An electronic circuit that conditions the sensor signal;

» An actuator that responds to the electrical signals generated within
the circuit.

Both the sensor and the actuator could be MEMS devices in their own
right. MEMS is an appropriate term as it specifically relates to mechani-
cal (micro) devices and also includes wider areas such as chemical sen-
sors, microoptical systems, and microanalysis systems.

There is also a wide variety of usage of terms such as transducer, sen-
sor, actuator, and detector. Sensors input information into the system
from the outside world, and actuators output actions into the external
world. Detectors are merely binary sensors. While these definitions do
not specifically relate to energy conversion devices, they are simple, un-
ambiguous, and will suffice for this volume.
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Micromachined transducers are generally (but not exclusively) those
that have been designed and fabricated using tools and techniques origi-
nating from the IC industry. In general, there are two methods for silicon
micromachining: bulk and surface. The former is a subtractive process
whereby regions of the substrate are removed; while with the latter tech-
nique layers are built up on the surface of the substrate in an additive
manner.

Micromachining has been demonstrated in a variety of materials in-
cluding glasses, ceramics, polymers, metals, and various other alloys.
Why, then, is silicon so strongly associated with MEMS? The main rea-
sons are given here:

e |ts wide use within the microelectronic integrated circuit industry;

o Well understood and controllable electrical properties;

o Availability of existing design tools;

e Economical to produce single crystal substrates;

¢ Vast knowledge of the material exists;

e |ts desirable mechanical properties.

The final point is, of course, particularly desirable for mechanical
microsensors. Single crystal silicon is elastic (up to its fracture point), is
lighter than aluminum, and has a modulus of elasticity similar to stain-
less steel. Its mechanical properties are anisotropic and hence are de-
pendent on the orientation to the crystal axis.

Silicon itself exists in three forms: crystalline, amorphous, and poly-
crystalline (polysilicon). High purity, crystalline silicon substrates are
readily available as circular wafers with typical diameters of 100 mm
(4 inches), 150 mm (6 inches), 200 mm (8 inches), or 300 mm (12 in-
ches) in a variety of thicknesses. Amorphous silicon does not have a reg-
ular crystalline form and contains many defects. Its main use has been in
solar cells, photo-sensors, and liquid crystal displays. Both amorphous
and polysilicon can be deposited as thin films, usually less than about
5 um thickness. Other materials that are often used within the MEMS
fabrication process include glasses, quartz, ceramics, silicon nitride and
carbide, alloys of various metals, and a variety of specialist materials that
are used for very specific purposes.
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Unit 6
SENSOR CLASSIFICATION

Exercise 1. Learn the following words and word combinations
and their meanings.

baseline (n) — mapamerp, UCXOHBIC JaHHBIC

conversion mechanism — koHBepcop

direct sensor — maTyuK MPSAMOTO AEHCTBUSL

excitation signal — curnan Bo30yxeHus

in response to — B OTBET Ha

measured value — usmepennoe ((pakTHyeckoe) 3HAUEHIE
reference (n) — ucxoaHas Touka, Ha3HAUYCHHE

in ~ t0 — OTHOCUTETHHO

relate to (V) — oTHOCHTECS, OBITH CBSI3aHHBIM

relative Sensor — OTHOCHUTENIBHBIN TATYUK

special case — yacTHblIil cityyaii

stimulus (n) — ctumy, Bo3aeiicTBrE

external ~ — BHEITHMIA pa3apakKUTETD

input ~ / output ~ — BX0JHOI / BBIXOJHOW CUTHAI

strain (n) — Harpy3ska, nehopmanus

strain gauge — TeH30JaTYMK, TEH3OMETP

subsequently (adv) — BriocieicTBHH, TIOTOM
thermocouple (n) — Tepmomnapa

~ Wire — TepMO3JICKTPOIHAS ITPOBOJIOKA

temperature gradient — nepenaz (rpaneHT) TeMnepaTypbl
temperature-sensitive resistor — repMope3ucTop, TepMUCTOP
whereas (conj) — HecMOTps Ha TO, UTO

Exercise 2. Read the text attentively and translate it into Russian.
Sensor Classification

All sensors may be of two kinds: passive and active. A passive sensor
does not need any additional energy source and directly generates an
electric signal in response to an external stimulus; that is, the input stim-
ulus is converted by the sensor into the output signal. The examples are a
thermocouple, a photodiode, and a piezoelectric sensor. Most of passive
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sensors are direct ones. The active sensors require external power for
their operation, which is called an excitation signal. That signal is modi-
fied by the sensor to produce the output signal. The active sensors some-
times are called parametric because their own properties change in res-
ponse to an external effect and these properties can be subsequently con-
verted into electric signals. It can be stated that a sensor’s parameter
modulates the excitation signal and that modulation carries information
of the measured value. For example, a thermistor is a temperature-
sensitive resistor. It does not generate any electric signal, but by passing
an electric current through it (excitation signal), its resistance can be
measured by detecting variations in current and/or voltage across the
thermistor. These variations (presented in ohms) directly relate to tem-
perature through a known function. Another example of an active sensor
is a resistive strain gauge in which electrical resistance relates to a strain.
To measure the resistance of a sensor, electric current must be applied to
it from an external power source.

Depending on the selected reference, sensors can be classified into
absolute and relative. An absolute sensor detects a stimulus in reference
to an absolute physical scale that is independent of the measurement
conditions, whereas a relative sensor produces a signal that relates to
some special case. An example of an absolute sensor is a thermistor be-
cause its electrical resistance directly relates to the absolute temperature
scale of Kelvin. Another very popular temperature sensor — a thermo-
couple — is a relative sensor. It produces an electric voltage that is func-
tion of a temperature gradient across the thermocouple wires. Thus, a
thermocouple output signal cannot be related to any particular tempera-
ture without referencing to a known baseline. Another example of the
absolute and relative sensors is a pressure sensor or a manometer. An
absolute-pressure sensor produces signal in reference to vacuum — an
absolute zero on a pressure scale. A relative-pressure sensor produces
signal with respect to a selected baseline that is not zero pressure (e. g.,
to the atmospheric pressure). Another way to look at a sensor is to con-
sider all of its properties, such as what it measures (stimulus), what its
specifications are, what physical phenomenon it is sensitive to, what
conversion mechanism is employed, what material it is fabricated from,
and what its field of application is.
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Exercise 3. Complete the table with the international words from
the text according to their stress pattern and translate them.

Sensor, operation, control, potential, stimulus, passive, physical, ge-
nerate, resistor, parametric, energy, signal, information, proportion, pa-
rameter, mechanism, temperature, function, relative, modified, produce.

1l eo 20e@ 3 e00 4 ceo 5 ce00 6 coeo

Exercise 4. Using the definitions given below guess the words and
cross them out in the word square.

—|o|rmoo|X>|H
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1. A thermoelectric device for measuring temperature, consisting of
two wires of different metals connected at two points, a voltage being
developed between the two junctions in proportion to the temperature
difference.

2. A thing that rouses activity or energy in someone or something.

3. The application of energy to a particle, object, or physical system,
in particular.

4. A semiconductor diode that, when exposed to light, generates a po-
tential difference or changes its electrical resistance.

5. An electrical resistor whose resistance is greatly reduced by hea-
ting, used for measurement and control.

6. A device having resistance to the passage of an electric current.

7. The magnitude of a deformation, equal to the change in the dimen-
sion of a deformed object divided by its original dimension.
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Exercise 5. Match the words with the opposite meaning.

1. active

2. direct

3. input

4. general

5. rest

6. external

7. sometimes
8. independent
9. known

10. basic

a) output

b) always

c) internal
d) passive
e) additional
) dependent
g) unknown
h) indirect

i) operation
j) special

Exercise 6. Make up the word combinations from columns A and
B and find their equivalents in C.

A B
external gradient
strain sensor
excitation scale
pressure stimulus
special gauge
measured mechanism
conversion signal
physical wire

temperature case
thermocouple  value

C
TEPMOAJICKTPOIHAS POBOJIOKA
CUTHAJT BO30YKICHUS
JaTYUK JaBJICHHUA
repernaz TeMIepaTyphl
YaCTHBIN Cilyyaid
BHEIIHUI Pa3apaskuTelb
KOHBEPCOp
TEH30METp
(uznyeckas mkana
(dakTHUecKoe 3HaYCHNE

Exercise 7. Find the English equivalents in B to the Russian
words in A.

A

. BEIpa0aTHIBATh

. ICTOYHHUK

. IpeoOpa3oBBIBATh
. BO3JIEHCTBHE

. BHEIITHH I

a) to operate
a) source

a) to rotate
a) value

a) external

B
b) to perform  c) to generate
b) variation c) scale
b) to convert  c) to relate
b) application c) stimulus
b) input C) relative



6. mpoBoIOKa a) reference  b) gradient C) wire

7. HecTH a) carry b) carry out ¢) modify

8. cBOIiCTBO a) baseline b) property c) specification
9. oOHapyXHUBaTh a) to detect b) to glow c) to change
10. BiusHue a) response b) strain c) effect

Exercise 8. Answer the following questions.

. What types of sensors do you know?

. How does a passive sensor operate?

. Give some examples of passive sensors.

. What are passive sensors called?

. What is the principle of operation of an active sensor?

. Why are active sensors called parametric ones?

. What active sensors can you name? How do they work?

. How are sensors classified depending on the selected reference?

. What is the difference between absolute and relative sensors?
10. Do you know any examples of absolute and relative sensors?
11. What properties of sensors are taken into account by scientists to

investigate them?

OCoO~NO U WN P

Exercise 9. Make up the summary of the text in Exercise 2.

The title of the text is ...

The text is devoted to ...

The author points out that ...

It is reported that ...

Much attention is given to ...
Further the author says that ...

| found the text important because ...

Exercise 10. Translate the following sentences paying attention to
emphatic structures.

1. The problem of handling many discrete electronic devices began to
concern the scientists as early as 1950.
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2. It was microelectronics development that solved the problem of as-
sembling the complete device by wiring the components together with
metallic conductors.

3. The fabrication of the field-effect transistor in quantity did not be-
come practical until the early 1960s.

4. It was the prominent scientist A. F. Yoffe who made a great contri-
bution to the study of semiconductor physics.

5. These molecules are too small to be seen even with the micro-
scope, but strong experimental evidence shows that they do exist.

6. Surrounding this nucleus are electrons, the actual number depend-
ing upon the atom being considered.

7. The silicon wafer substrate must be practically defect-free when
the active device density may be as high as 10° to 10° per chip.

Exercise 11. Divide the words into five columns according to their
part of speech.

Noun Adjective Verb Adverb Preposition

Value, additional, directly, output, define, external, convert, subse-
quently, into, parameter, require, sensitive, through, variation, carry, in-
dependently, relate, without, direct, power, sometimes, own, across,
gauge, relative.

Exercise 12. Put the verbs in brackets into the correct form of
Conditional | and translate the sentences into Russian.

1. If thin wires are used in this device they (to melt).

2. If the magnetic circuit (to consist) of non-magnetic material, the
field will be proportional to the current.

3. If the operators (to use) some additional components they will be
able to actuate the relay.

4. If the body (to heat), the motion of its atoms will be more intensive.

5. If we utilize a coil with half a number of turns, we (to get) a much
lower electromotive force.

6. If this gas is heated in a closed vessel, its volume (not to increase).
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7. If you change the conditions of the experiment you (to obtain) bet-
ter results.
8. If these liquids are heated they (to expand).

Exercise 13. Translate the following sentences into Russian pay-
ing attention to the words in bold type.

1. Of course, one should not be confused by an obvious fact that
transmission of energy can flow both ways. It may be with a positive
sign as well as with a negative sign; that is, energy can flow either from
an object to the sensor or from the sensor to the object.

2. Surprisingly, even though these microactuators are extremely
small, they frequently can cause effects at the macroscale level; that is,
these tiny actuators can perform mechanical feats far larger than their
size would imply.

3. Some substances are efficient conductors, others are poor ones.

4. A thermocouple is one of the examples of passive sensors.

5. One good way to watch a sensor is to consider all of its properties
such as stimulus, physical phenomenon, conversion mechanism, materi-
al and application field.

6. This vision of MEMS whereby microsensors, microactuators and
microelectronics and other technologies, can be integrated onto a single
microchip is expected to be one of the most important technological
breakthroughs of the future.

7. Sensors also have an impact on what they measure; for instance, a
room temperature thermometer inserted into a hot cup of liquid cools the
liquid while the liquid heats the thermometer.

8. In summary, there are two types of sensors: direct and complex.
The former converts a stimulus into an electrical signal or modifies an
electrical signal by using an appropriate physical effect, whereas the
latter in addition needs one or more transducers of energy before a direct
sensor can be employed to generate an electrical output.

9. The sensor’s place in a device is either intrinsic or extrinsic; it
may be positioned at the input of a device to perceive the outside effects
and to signal the system about variations in the outside stimuli.

10. Depending on the complexity of the system, the total number of
sensors may vary from as little as one (a home thermostat) to many
thousands (a space shuttle).
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Exercise 14. Translate the following text into Russian in writing.
Understanding Sensors

A sensor (also called detector) is a converter that measures a physical
guantity and converts it into a signal which can be read by an observer or
by an (today mostly electronic) instrument. For example, a mercury-in —
glass thermometer converts the measured temperature into expansion
and contraction of a liquid which can be read on a calibrated glass tube.
A thermocouple converts temperature to an output voltage which can be
read by a voltmeter. For accuracy, most sensors are calibrated against
known standards.

Sensors are used in everyday objects such as touch-sensitive elevator
buttons (tactile sensor) and lamps which dim or brighten by touching the
base. There are also innumerable applications for sensors of which most
people are never aware. Applications include cars, machines, aerospace,
medicine, manufacturing and robotics.

A sensor is a device which receives and responds to a signal when
touched. A sensor's sensitivity indicates how much the sensor's output
changes when the measured quantity changes. For instance, if the mercu-
ry in a thermometer moves 1 cm when the temperature changes by 1 °C,
the sensitivity is 1 cm/°C. Sensors that measure very small changes must
have very high sensitivities. Technological progress allows more and
more sensors to be manufactured on a microscopic scale as microsensors
using MEMS technology. In most cases, a microsensor reaches a signifi-
cantly higher speed and sensitivity compared with macroscopic ap-
proaches.

Motion Sensors

There are two basic kinds of motion detector sensors that are catego-
rized according to their detect motion. Active sensors emit energy into
the immediate area. Passive sensors do not emit any energy, but instead
read changes in the energy in the surrounding area.

Active motion sensors work by sending out bursts of ultrasonic sound
waves, after which the sensor waits for the energy to be reflected back.
A good example of an active motion sensor is an automatic garage door
opener. If there is nobody in the immediate area, the waves will return in
the same pattern in which they were released. If there is someone, how-
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ever, the energy will bounce back in a disturbed pattern. Active motion
detectors are created with sensors that will send an alarm signal in the
event that the pattern is disturbed. In the example of the garage door
opener, the disturbed pattern (disturbed by the appearance of the car)
triggers the sensor to open the garage door.

Passive motion detectors are more commonly used to secure busi-
nesses and residential homes than active motion sensors. They are also
known as passive infrared (PIR) sensors because they detect and meas-
ure incoming infrared energy. They are sometimes also called pyroelec-
tric detectors. Anybody, including animals and humans, will emit infra-
red energy because it creates heat. The amount emitted depends on the
temperature of the body, but in humans, it is usually between 9 and
10 micrometers.

Most PIR sensors can actually detect emissions in the range of 8 to
12 micrometers. They do this with use of a photo detector. The photo
detector coverts light in these wavelengths into an electrical current,
which is run through a tiny computer housed in the unit. The alarm is
triggered when the photo detector detects large or fast variations in the
distribution of the emitted infrared energy. Normal movement in humans
will naturally create such variations. Smaller variations are ignored by
the computer to allow for naturally occurring events in the supervised
area, such as the slow rise of heat as the sun rises for the day.

Oftentimes, PIR systems are combined with a basic photo-sensor mo-
tion detector. You frequently see these at a shopping mall, near the en-
trance to a store. When someone walks between them, the motion detec-
tor will sometimes emit a tone. Photo sensors usually consist of a laser
beam and a light sensor. When the light is interrupted by the motion of a
person crossing it, the sensor notices the brief drop in the light level, and
alerts the control box, which will either sound an alarm or emit that bell
sound you often hear in stores.
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Unit 7
TRANSISTORS

Exercise 1. Learn the following words and word combinations
and their meanings.

accurately (adv) — rouro

amplification (n) — ycunenue

band leader — mupmxep

base current — 6a30Bblil TOK, TOK 0a3bl

baton (n) — nupmxépckast manoyka

depletion region — o6enHénHas 30Ha

entire (adj) — momHEBIHA, 1IEITBIHA, BECH

faithfully (adv) — Touno

forward-biased diode — arox ¢ psAMBIM BKITFOUEHEM
guide (n) — mpoBoaHUK

linger (V) — 3anepxuBathcs

marching band — opkectp

modulate (V) — perynmpoBarb, IIOHMXATh YaCTOTY
reactivate (V) — BO30OHOBJIATH

rectification (n) — BeImpsMIIeHUE

regenerate (V) — mpeoOpa3oBLIBAThH

reverse-biased diode — nron ¢ 0OpaTHBIM BKIFOUCHHUEM
sail (V) — maBHO JBUTaThCS

strengthened (adj) — ycunennsrit

strip (n) — mosmoca, 30. 061acTH

switching (n) — mepexsrouerue

Exercise 2. Read the text attentively and translate it into Russian.
Transistors

The transistor is an important semiconductor device that is used for
amplification, switching, and rectification (changing direct current to
alternating current).

Transistors are present in almost every electronic device that we buy.
In its important role as an amplifier, the transistor takes a very weak sig-
nal (as from a distant radio station) and uses it as a guide to regenerate a
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strengthened (but faithfully reproduced) signal in a strong current drawn
from an external source. This is like a band leader using a weak signal
(the movements of a baton) to modulate a very strong signal (the sound
of the instruments) as the entire marching band (the external energy
source) follows the baton.

If (in the manufacturing process) we join a diode containing a large n-
region and a narrow p-region to another large n-segment, and connect
the two n-regions to a battery, no current will flow, because a wide dep-
letion region (an insulator) will form at the p-n junction between the n-
segment connected to the positive terminal of the battery and the p-strip,
just as it would in a reverse-biased diode.

However, if we connect the p-region to the positive terminal of a se-
parate battery and allow a weak current to flow, electrons in the forward-
biased n-region will be attracted to the p-strip and will sail through the p-
n junction, across the p-strip, through the second p-n junction and into
the reverse-biased n-region. They will not linger in the p-strip, because it
is so narrow and because they are already coming under the attraction of
the strong positive terminal linked to the reverse-biased n-region.

In electronics terminology, the forward-biased n-region is called the
‘emitter’; the narrow p-strip is called the 'base’ and the reverse-biased n-
region is called the 'collector".

The flow of current from the emitter to the collector can be increased
or decreased by varying the strength of the base current (The base cur-
rent is the transistor's 'baton’). The important point is that the large emit-
ter current is controlled by and is proportional to the small base current.
By placing a signal on the base current, we can obtain a greatly ampli-
fied (but accurately reproduced) version of the signal in the emitter cur-
rent. Amplification is, in fact, one of the most important functions of the
transistor. The transistor can also serve as a switch. Reducing the base
current to the point where no emitter current flows, and raising to reacti-
vate emitter current, etc., provides this switching action.

Transistors appear in many other forms, and they are the most im-
portant of the semiconductor devices.
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Exercise 3. Make up the word combinations from columns A and
B and find their equivalents in C.

A

external

p

ositive

strengthened

d

irect

current

d

forward-biased

istant

switching
negative
separate

B
signal
action
flow
radio station
battery
source
charge
current
region
terminal

C
00J1aCTh C IPSIMBIM BKJIFOUCHHEM
MPOTEKAHUE TOKA
oTnenbHasa Oarapest
ITOJIOKUTEIbHAS KJIeMMa
JIEUCTBUE MEPEKIIOYEHUS
IMIOCTOSTHHBIM TOK
BHENTHUM UCTOYHUK
OTpULATENbHBIN 3apsi
OTJaJIeHHasl paguoCTaHIUs
YCUJICHHBIA CUTHAI

Exercise 4. Match the words with the similar meaning.

1
2
3
4
5.
6
7
8
9
1

.join

. use

. important
. transistor
decrease

. accurately
. increase

. entire

. linger

0. separate

a) independent
b) remain

C) gauge

d) raise

e) total

f) essential

g) reduce

h) connect

i) exactly

1) apply

Exercise 5. Translate the following terminological word combina-
tions containing adjectives.

1. remote control unit
2. light sensitive material

3. external circuit

4. positive output voltage

58



5. transformer secondary winding

6. optical detection apparatus

7. angular momentum

8. refractive index gradient

9. protective relay coordination

10. electronic packaging technology

11. random access memory

12. extremely pure germanium mixer diode

Exercise 6. Unjumble the letters to make the words from the text.

1. aglins

2. sratroisnt
3. cordnouct
4. ucoser

5. ceroletscin
6. ilapacmfitino
7. hcgsiwtin

8. cerfitire

9. tvemonem
10. goneir

S g S 000~

Exercise 7. Say if the following sentences are true or false. Cor-
rect the false ones.

1. The transistor is an important semiconductor device that is used for
rectification, amplification and switching.

2. Transistors are present in almost every electrical device.

3. The flow of current from the emitter to the collector can be in-
creased or decreased by varying the strength of the base current.

4. Amplification is one of the most unimportant functions of the tran-
sistor.

5. In its important role as an amplifier, the transistor takes a very
strong signal.
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6. If we join a diode containing a large n-region and a narrow p-
region to another large n-segment, and connect the two n-regions to a
battery, no current will flow.

7. The forward biased n-region is called the 'emitter' in electronics
terminology.

8. The large emitter current is controlled by and is inversely propor-
tional to the small base current.

Exercise 8. Make up the summary of the text in Exercise 2.

The text is under the headline ...

The main idea of the text is ...

It is announced that ...

The author reports on ...

Further the author says that ...

According to the text ...

| found this text too hard to understand ...

Exercise 9. Study the description of the NPN junction transistor
and speak about the principles of its operation.

- - - N: - - "Collector"

f _ _ _/ii: "Base" [r—
++ ++EJ++ +

. NP it

- |

'+

Fig. 2. NPN junction transistor

When the narrow p region (called the "base" is connected to the posi-
tive terminal of a second power source, a weak current consisting of
"holes" (positive charges) flows into the base. The holes attract electrons
(negative charges) from the forward biased n region (called the "emit-
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ter") which flow into the p strip and then into the reverse biased region
(called the "collector"). The flow of electrons into the collector is con-
trolled ("modulated”) by the base current and a signal on the base current
can be reproduced in the much stronger current flowing from the emitter.

Exercise 10. Form adjectives from the following nouns.

Noun Adjective
1. alternation a)
2. weakness b)
3. importance C)
4. manufacture d)
5. electronics e)
6. width f)
7. proportion )]
8. distance h)
9. narrowness i)
10. separation )}

Exercise 11. Complete the sentences with the necessary preposi-
tion from the box.

| from, to, over, than, on, in, between, of, in, for, into |

1. A transistor allows a variable current, from an external source, to
flow between two of its terminals depending ... the voltage or current
applied ... a third terminal.

2. ... 1947 W. Shockley, J. Bardeen and W. Brattain succeeded ...
building the first practical point-contact transistor at Bell Labs.

3. Bell put the transistor ... production at Western Electric in Allen-
town, Pennsylvania.

4. ... the next two decades, transistors gradually replaced the earlier
vacuum tubes in most applications and later made possible many new
devices such as integrated circuits and personal computers.

5. The bipolar junction transistor was the first type ... transistor to be
mass-produced.
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6. The field-effect transistor, sometimes called a unipolar transistor,
uses either electrons or holes ... conduction.

7. The base is physically located ... the emitter and the collector and
is made ... lightly doped, high resistivity material.

8. A cross section view of a BJT indicates that the collector-base
junction has a much larger area ... the emitter-base junction.

Exercise 12. Read the sentences and translate them into Russian.
Define the Infinitive functions.

1. A transistor is used to amplify and switch electronic signals.

2. To produce complete electronic circuits is one of the important
tasks of the transistors.

3. Another possibility was to employ a standard controller.

4. Desirable properties of the bipolar transistors let capture nearly all
market share for digital circuits.

5. The essential usefulness of a transistor comes from its ability to
harness a small signal.

6. It is often easy and cheap to utilize a standard microcontroller and
write a computer program.

7. Besides, they observed how the transistor could turn current on or
off in a circuit as an electrically controlled switch.

8. German inventor Oskar Heil was the second to patent a Field Ef-
fect Transistor or FET in 1934.

9. In considering the chemical properties of metals, the first point to
be noted is that they vary widely in degree of chemical activity.

10. This workshop is too small to install necessary equipment.

Exercise 13. Translate the sentences into Russian paying attention
to the use of the Complex Subject.

1. A transistor is said to be acted as a switch, and this type of opera-
tion is common in digital circuits.

2. Some transistors are known to be packaged individually.

3. A transistor is sure to revolutionize the field of electronics.

4. Physicist Julius Lilienfeld was found not to publish any research
articles about his devices.
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5. The diodes are proved to have two separate but very close metal
contacts on the semiconductor substance.

6. The terminals of a transistor are certain to be labeled as base, col-
lector, and emitter.

7. Desirable properties of the bipolar junction transistor are likely to
improve soon.

8. A transistor is reported to control its output signal in proportion to
the input one.

9. This information seems to be of utmost importance.

10. The results of the experiment turned out to be inaccurate.

Exercise 14. Translate the following sentences into Russian pay-
ing attention to the words in bold type.

1. The atomic weight of oxygen is greater than that of carbon.

2. The speed of fast molecules means that they slip past the mole-
cules that they meet without these having time to detect them in their
course.

3. The disadvantage of the device is that it is not easy to adjust.

4. There are two methods of measuring the conductivity of semicon-
ductors. The first one which is used more commonly has a number of
advantages.

5. One is to carry out a lot of experiments to make sure that this ob-
servation is adequate.

6. One of the most widely used semiconductor materials is silicon.

7. The combination of the sensor and the chip is a particularly potent one.

8. Unipolar transistors such as the FETs have only one kind of charge
carrier.

9. Atomic force microscopy (AFM), a type of scanning probe micros-
copy (SPM) technique, was developed by G. Binnig, C.F. Quate and C.
Gerber in 1986. Its use has been growing steadily ever since.

10. Since a diode will permit current flow in only one direction, it can
convert alternating current (AC) into direct current (DC), and it has
many vital applications in industry and science.

11. Carbon nanotubes have found many applications since their dis-
covery in the early 1990s.

63



Exercise 15. Translate the following text into Russian in writing.

Some Facts about Transistors

In 1947, John Bardeen and Walter Brattain, working at Bell Tele-
phone Laboratories, were trying to understand the nature of the electrons
at the interface between a metal and a semiconductor. They realized that
by making two point contacts very close to one another, they could make
a three terminal device - the first ‘point contact’ transistor. They quickly
made a few of these transistors and connected them with some other
components to make an audio amplifier. This audio amplifier was shown
to chief executives at Bell Telephone Company, who were very im-
pressed that it didn't need time to ‘warm up’ (like the heaters in vacuum
tube circuits). They immediately realized the power of this new technology.

This invention was the spark that ignited a huge research effort in sol-
id state electronics. Bardeen and Brattain received the Nobel Prize in
Physics, 1956, together with William Shockley, “for their researches on
semiconductors and their discovery of the transistor effect’. Shockley
had developed the so-called junction transistor, which was built on thin
slices of different types of semiconductor material pressed together. The
junction transistor was easier to understand theoretically, and could be
manufactured more reliably.

For many years, transistors were made as individual electronic com-
ponents and were connected to other electronic components (resistors,
capacitors, inductors, diodes, etc.) on boards to make an electronic cir-
cuit. They were much smaller than vacuum tubes and consumed much
less power. Electronic circuits could be made more complex, with more
transistors switching faster than tubes.

However, it did not take long before the limits of this circuit construc-
tion technique were reached. Circuits based on individual transistors be-
came too large and too difficult to assemble. There were simply too
many electronic components to deal with. The transistor circuits were
faster than vacuum tube circuits, and there were noticeable problems due
to time delays for electric signals to propagate a long distance in these
large circuits. To make the circuits even faster, one needed to pack the
transistors closer and closer together.
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Unit 8
TRANSISTORS (CONTINUED)

Exercise 1. Learn the following words and word combinations
and their meanings.

along with — mapsy

bipolar junction transistor (BJT) — 6unosstpHbIit TpaH3uCTOP
comprise (V) — BKJIIOYaTh, COAEPKATD

digital circuit — mudposas cxema

digital computing — udgpoBLIe BEIYUCIEHNS

Digital Revolution — nudposast peBosroLHst

digitize (v) — onupoBbIBaTH

field effect transistor (FET) — moneBoii TpaHsucTop

logic gate — mormueckuii SIeMEHT

machinery (n) — mammHHOE 000pPYIOBaHKE

power supply — HCTOYHHK MTUTAHKS

switching ~ - UMITyJIbCHBIN UCTOYHHUK MTUTAHHS

printing press — neyatHasi MalMHa

random access memory (RAM) — onepaTuBHas MaMsATh
rank (V) — pamknpoBaTh, pacIioarate B OIpeAeIeHHOM IIOPSIKE
rest on (V) — OCHOBBIBAaThLCS Ha

terminal (n) — kremMa, BEIBO

transconductance (n) — akTHBHAS MEKDIIEKTPOIHAS TPOBOIUMOCTD
transistorized circuit — cxema Ha TpaH3HUCTOpax

vanishingly (adv) — kpaiine, HUYTOXHO

variable valve — ynpasnsiemblit BEHTHIIb

voltage feedback — oOparHast CBA3b 0 HAIPSHKEHUIO

Exercise 2. Read the text attentively and translate it into Russian.
Transistors (continued)
The transistor is a solid state semiconductor device which can be used
for amplification, switching, voltage stabilization, signal modulation and
many other functions. It acts as a variable valve which, based on its input

voltage, controls the current drawn by it from a connected voltage sup-
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ply. Transistors are divided into two main categories: bipolar junction
transistors (BJTs) and field effect transistors (FETS). Transistors have
three terminals where the application of voltage to the input terminal in-
creases the conductivity between the other two terminals and hence con-
trols current flow through those terminals. The physics of this ‘transistor
action” are quite different between the BJT and FET. In analog circuits,
transistors are used in amplifiers, audio amplifiers, radio frequency am-
plifiers, regulated power supplies, and in computer, especially in switch-
ing power supplies. Transistors are also used in digital circuits where
they function similarly to electrical switches. Digital circuits include log-
ic gates, RAM and microprocessors.

The transistor is considered by many to be one of the greatest inven-
tions in modern history, ranking in importance with inventions such as
the printing press, the automobile and the telephone. It is the key active
component in practically all modern electronics. Its importance in to-
day's society rests on its ability to be mass produced using a highly au-
tomated process that achieves vanishingly low transistor costs.

Although millions of individual transistors are still used, their vast
majority are fabricated into integrated circuits along with diodes, resis-
tors, capacitors and other components to produce complete electronic
circuits. A logic gate comprises about twenty transistors whereas an ad-
vanced microprocessor can use as many as 289 million ones.

The transistor's low cost, flexibility and reliability have made it an al-
most universal device for non-mechanical tasks, such as digital computing.
Transistorized circuits are replacing electromechanical devices to control
appliances and machinery as well, because it is often less expensive and
more effective to simply use a standard microcontroller and write a com-
puter program to carry out the same mechanical task using electronic con-
trol than to design an equivalent control function mechanically.

Because of the low cost of transistors and hence digital computers,
there has come the trend to digitize information. With digital computers
offering the ability to quickly find, sort and process digital information,
more and more effort has been put into making information digital.
Much media today is delivered in digital form, finally being converted
and presented in analog form by computers. Areas influenced by the
Digital Revolution are television, radio and newspapers.

The bipolar junction transistor (BJT) was the first type of transistor to
be commercially mass-produced. The terminals are named emitter, base

66



and collector. Two p-n junctions exist inside the BJT, collector-base
junction and base-emitter junction. Although commonly described as a
current operated device, the collector current is actually controlled by the
voltage difference between base and emitter terminals. The BJT is com-
monly used with voltage feedback to control the base voltage, but some-
times the base is driven by a current input. The BJT achieves higher
transconductance compared with the FET, so it is preferred for linear
amplification. Bipolar transistors can be turned on with light as well as
electricity. Devices designed for this purpose are called phototransistors.

Exercise 3. Complete the table with the international words from
the text according to their stress pattern and translate them into
Russian.

Modulation, million, mechanical, category, analog, universal, auto-
mobile, transistor, equivalent, television, collector, individual, regulated,
computing, university, telephone, practically, automated, effective, emit-
ter, revolution.

1 eco | 200 3 e000 4 ceo00 5 o00e0 6 coeoo

Exercise 4. Match the words with the similar meaning.

1. application a) operate

2. fabricate b) capacitor

3. invention c) single

4. condenser d) improved

5. function €) use

6. advanced f) information
7. individual g) manufacture
8. data h) discovery
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Exercise 5. Make up the word combinations from columns A and
B and find their equivalents in C.

A B C
printing frequency BXOJIHas KJIeMMa
variable stabilization reyaTHas MalluHa
low gate MPUHIUI IEUCTBUS TPAH3UCTOPA
voltage modulation JIOTHYECKHH 3IIEMCHT
input press HH3Kasi CTOMMOCTb
signal terminal panmovacrora
transistor supply MOJTYJISIIIASL CUTHAJIA
radio cost VIpaBIAEMBIN BEHTHIb
power action WUCTOYHHUK TTATAHUS
logic valve CTaOMITH3AIHST HATIPSHKCHHSI

Exercise 6. Match the following English word combinations with
their Russian equivalents.

1. connected voltage supply a) ycuauresns 3ByKa

2. field effect transistor b) oneparuBHas namsTh

3. integrated circuit C) UMIYJIbCHBIN UCTOYHUK TTUTAHUS

4. audio amplifier d) moneBoii TpaH3MCTOP

5. collector-base junction  €) sanexrprueckuii mpudop

6. switching power supply  f) nuneiiHoe ycunenue

7. linear amplification 0)IOAKITIOYEHHBIH HCTOYHHMK HAIIPSKEHUS
8. random access memory h) mepexon KoiekTop-6a3a

9. current operated device i) oOpaTHas CBS3b 110 HAMPSHKSHUIO

10. voltage feedback J) uHTErpanHHAS CXEeMa

Exercise 7. Translate the following terminological word combina-
tions containing adjectives.

. random orientation

. compound semiconductor crystal
. crystalline particle

. epitaxial growth

. technological advance

. seed crystal

OO WN -

68



7. practical point-contact transistor
8. microwave radar receiver

9. low-frequency application

10. simple pulse generator

Exercise 8. Put the words in the questions in the correct order
and answer them.

1. is/ transistor / what / used / for / a?

2. of / do / what / know / types / you / transistors?

3. digital / transistors / and / are / circuits / how / in / applied / analog?
4. circuit / electronic / how / a / make / complete / to?

5. transistor / advantages / have / a / what / does?

6. widely / circuits / nowadays / are / why / transistorized / used?

7. was / media / by / Revolution / what / influenced / the / Digital?

8. terminals / you / of / transistor / could / the / name / a?

9. exist / junctions / inside / transistor / what / junction / the / bipolar?
10. a/ designed / what / phototransistor / is / for?

Exercise 9. Make up the summary of the text in Exercise 2.

The title of the text is ...

The text is devoted to ...

The author points out that ...

It is reported that ...

Further the author says that ...

I found the text important because ...

Exercise 10.Complete the sentences with the necessary preposi-
tion from the box.

| by, to, between, on, into, of, with, in, for, into |

1. Following its release in the early 1950s the transistor revolution-
ized the field ... electronics, and paved the way for smaller and cheaper
radios, calculators, and computers, among other things.

2. More and more effort has been put ... making information digital.

3. Much media today is delivered ... digital form.
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4. Areas influenced ... the Digital Revolution are television, radio
and newspapers.

5. The BJT is commonly used ... voltage feedback to control the base
voltage.

6. The collector current is actually controlled by the voltage differ-
ence ... base and emitter terminals.

7. The BJT achieves higher transconductance compared with the
FET, so it is preferred ... linear amplification.

8. Bipolar transistors can be turned ... with light as well as electricity.

9. FETs are further divided ... depletion mode and enhancement
mode type.

10. Mode refers ... the polarity of the gate voltage with respect to the
source when the device is conducting.

Exercise 11. Choose the right variant of the modal verb and
translate the sentences into Russian.

1. This semiconductor device is faulty; you cannot / should not rely
on its readings.

2. A robot must / can obey the orders that are given by human beings.

3.Heat ought / may be converted into mechanical energy.

4. Can/ may you solve the problem right now?

5. Forces are to / can exist without motion.

6. He will be able / could to pass an exam in physics next month.

7. The current must / should be as small as possible not to melt the
wires.

8. This article might / may be translated with a dictionary.

9. You will be able to / can to cut soft metal with greater speed than
hard metal.

10. These students couldn’t / were not allowed to practice in the roll-
ing mill yesterday.

11. Nowadays transistors ought to / may be divided into two main
categories.

12. At the Technical University students should / can get good
knowledge in all spheres of engineering.
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Exercise 12. Choose the correct form.

1. The (importance / important) of semiconductors for modern sci-
ence cannot be (underestimate / underestimated).

2. Polythene cables have numerous (advantages / advantageous).

3. (Plastics / plastic) materials are relatively new (insulated / insulat-
ing) materials.

4. The method proved to be (efficient / efficiently).

5. What (resistance / resistive) materials are in common use today?

6. Energy is the (capacitance / capacity) for (do / doing) work.

7. Uranium is a (comparison / comparable / comparatively) rare ele-
ment.

8. The most important problems in (atom / atomic) power (generated /
generation) are connected with the reactor.

Exercise 13. Read the sentences and translate them into Russian.
Define the Participle functions.

1. The transistor operates as a variable valve based on its input volt-
age.

2. Having delivered a lecture the professor was taking part in the dis-
cussion.

3. The transistors can be used in audio amplifiers, radio frequency
amplifiers, and in computer, especially in switching power supplies.

4. What do you think of the method being used?

5. All transistors are divided into two main categories such as BJT
and FET.

6. Being thanked for his help, he left the laboratory.

7. The completed work was given to the supervisor.

8. When told the title of her coursework, she realized she couldn’t
write it by herself.

9. Knowing you wanted to take part in the conference, | helped you to
carry out some experiments.

10. Having been broken, the material had a black, silken fracture.

11. BJTs come in two types, or polarities, known as PNP and NPN
based on the doping types of the three main terminal regions.
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Exercise 14. Translate the following text into Russian in writing.
Field-Effect Transistor

The field-effect transistor (FET), sometimes called a unipolar transis-
tor, uses either electrons or holes for conduction. The terminals of the
FET are named source, gate and drain. A voltage applied between the
gate and source controls the current flowing between the source and
drain. In FETs the source-drain current flows through a conducting
channel near the gate. This channel connects the source terminal to the
drain terminal. The channel conductivity is varied by the electric field
generated by the voltage applied between the gate-source terminals. In
this way the current flowing between the source and drain is controlled.

FETSs are divided into two families: junction FET (JFET) and insulat-
ed gate FET (IGFET).

The IGFET is more commonly known as metal oxide semiconductor
FET (MOSFET). Unlike IGFETS, the JFET gate forms a diode with the
channel which lies between the source and drain. Functionally, this
makes the N-channel JFET the solid state equivalent of the vacuum tube
triode which, similarly, forms a diode between its grid and cathode. Al-
s0, both devices operate in the depletion mode, they both have a high
input impedance, and they both conduct current under the control of an
input voltage. MESFETs are JFETS, in which the reverse biased p-n
junction is replaced by a semiconductor-metal Schottky-junction. These,
and the HEMFETs (high electron mobility FETS), in which a
2-dimensional electron gas with very high carrier mobility is used for
charge transport, are especially suitable for use at very high frequencies
(microwave frequencies; several GHz).

FETs are further divided into depletion mode and enhancement mode
types. Mode refers to the polarity of the gate voltage with respect to the
source when the device is conducting. For N- channel depletion mode
FETSs the gate is negative with respect to the source while for N-channel
enhancement mode FETS the gate is positive. For both modes, if the gate
voltage is made more positive the source-drain current will increase. For
P-channel devices the polarities are reversed. Nearly all JFETs are deple-
tion mode types and most IGFETS are enhancement mode types.
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Transistor Usage

In the early days of transistor circuit design, the bipolar junction tran-
sistor, or BJT, was the most commonly used transistor. Even after
MOSFETSs became available, the BJT remained the transistor of choice
for digital and analog circuits because of their ease of manufacture and
speed. However, the MOSFET has several desirable properties for digital
circuits, and since major advancements in digital circuits have pushed
MOSFET design to state-of-the-art. MOSFETSs are now commonly used
for both analog and digital functions.

Transistors are commonly used as electronic switches, for both high
power applications including switched-mode power supplies and low
power applications such as logic gates.

From mobile phones to televisions, vast numbers of products include
amplifiers for sound reproduction, radio transmission, and signal pro-
cessing. The first discrete transistor audio amplifiers barely supplied a
few hundred milliwatts, but power and audio fidelity gradually increased
as better transistors became available and amplifier architecture evolved.

Transistors are commonly used in modern musical instrument ampli-
fiers, where circuits up to a few hundred watts are common and relative-
ly cheap. Transistors have largely replaced valves in instrument amplifi-
ers. Some musical instrument amplifier manufacturers mix transistors
and vacuum tubes in the same circuit, to utilize the inherent benefits of
both devices.

The ‘first generation’ of electronic computers used vacuum tubes,
which generated large amounts of heat and were bulky, and unreliable.
The development of the transistor was key to computer miniaturization
and reliability. The ‘second generation” of computers, through the late
1950s and 1960s featured boards filled with individual transistors and
magnetic memory cores. Subsequently, transistors, other components,
and their necessary wiring were integrated into a single, mass-
manufactured component: the integrated circuit. Transistors incorporated
into integrated circuits have replaced most discrete transistors in modern
digital computers.
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Unit 9
ELECTRONICS

Exercise 1. Learn the following words and word combinations
and their meanings.

adequately (adv) — B mocraTouHoit mepe
amendable (adj) — koppexkTUpyeMblii, HCTIPABUMBbIH
appreciate (V) — orieHuBaTH

commercial device — rexuuueckuit mpudoOp

core (n) — sapo

embrace (V) — 0XBaTsIBaTh, BKIKOYATh, COAEPIKATH
emerge (V) — BCIUTBIBATH, TTOSBISTHCS

finite time — orpann4yeHHOe BpeMs

gaseous state — razoo0pa3HOe COCTOSTHUE
indefiniteness (n) — HeompeaenéHHOCTH

inherent (adj) — npucymii, CBOMCTBEHHBbIH
inversely proportional — o6paTHO pONOPIUOHATBHBIH
liberate (V) — BEICBOGOKIATH

magnetic moment — MarHUTHBI MOMEHT
momentum (N) — UMMy JILC, CKOPOCTh IBHIKCHHUS
quoted above — ykazaHHBI#, IpHUBEIEHHBIN BHIIIE
reasonable accuracy — moctaTodHasi TOYHOCTb
retain (v) — coxpaHsiTh, yAepKHBATh

rest mass — macca 1nokost

stream (n) — moTok

value (n) — 3Ha4yeHue, BeaUMIMHA

wavelength (n) — nauHa BOJIHBI

wave motion — BOJIHOBOE ABMKEHUE

Exercise 2. Read the text attentively and translate it into Russian.
Electronics

The subject of electronics should, in its broadest sense, embrace all
phenomena that are associated with the electron, the fundamental unit of
electricity. What is the electron? The fullest possible answer to this ques-
tion can only emerge from a study of its properties. When the electron is
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isolated from other electrons and from matter, it behaves like a small
body having a negative electric charge 1-601 x 10™° coulomb, a magnet-
ic moment 1.164 x 107 joule x metre/A turn and a rest-mass 9,11 x
x 107 kg. When the electron is part of an atom it retains the charge,
magnetic moment and mass just mentioned but it is only able to exist for
any finite time in certain almost fixed states of energy. A stream of elec-
trons may be regarded as a large number of small bodies all moving in
the same direction; or it may be regarded as a wave motion characterized
by a wavelength inversely proportional to the momentum of the individ-
ual electrons. The reason for the indefiniteness inherent in the statements
just made is that the electron is one of the fundamental concepts of sci-
ence, and as such is not amendable to exact definition.

However, it should be noted that there is not the slightest question
about the figures quoted above for the charge, magnetic moment and
mass of the electron so long as charge, magnetic moment and mass are
adequately defined. The classical experiments of J. J. Thomson and
R. A. Millikan have established beyond any doubt that the electron is a
massive, charged magnet and that the values of the mass, the charge and
the magnetic moment are known with reasonable accuracy.

In order to understand and to appreciate the concepts and the princi-
ples upon which the operation of electronic devices depends, the follow-
ing questions must be answered:

1. How are the electrons liberated?

2. How is the flow of electrons controlled?

3. How are these electrons employed in useful devices?

According to modern theory, all matter is electrical in nature. The at-
om, one of the fundamental units that enters into the structure of all mat-
ter, consists of a nucleus, or central core, of positive charge which con-
tains nearly all the mass of the atom. Negatively charged electrons sur-
round this nucleus. The atom as a whole is electrically neutral, so that the
charge on the nucleus must be balanced by the charge of the electrons
that surround it. Since all chemical substances consist of groups of these
atoms bound maore or less closely to one another, then all matter, whether
in the solid, the liquid, or the gaseous state, is a potential source of elec-
trons. All three states of matter are actually employed in commercial de-
vices as the source of electrons.
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Exercise 3. Using the definitions given below guess the words and
cross them out in the word square.
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cimZmc|Z|m|O

—|Z|0|;|H||O|m

n|O|—|ClO|=—|rim

m|—|>|0m[w|—r
ozm|—0>|r
m{>|0|Z|d4/m|®|>o
rIZIZ|omirim|d
o|cC|Zzidlnim[<|O
O|Foo|Clai>|r

1. The branch of physics and technology concerned with the design of
circuits using transistors and microchips, and with the behavior and
movement of electrons in a semiconductor, conductor, vacuum, or gas.

2. A substance which is not solid but which flows and can be poured,
for example water.

3. The property of matter that is responsible for electrical phenomena,
existing in a positive or negative form.

4. The degree to which the result of a measurement, calculation, or
specification conforms to the correct value or a standard.

5. The positively charged central core of an atom, containing most of
its mass.

6. The quantity of motion of a moving body, measured as a product of
its mass and velocity.

7. A motionless state.

8. A continuous flow of liquid, air, or gas.

9. A stable subatomic particle with a charge of negative electricity, found
in all atoms and acting as the primary carrier of electricity in solids.

10. Relating to chemistry or the interactions of substances as studied
in chemistry.

11. To release (gas, energy, etc.) as a result of chemical reaction or
physical decomposition.
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Exercise 4. Match the following English word combinations with
their Russian equivalents.

A

. in its broadest sense

. S0 that

. may be regarded as

. it should be noted that

. beyond any doubt

. with reasonable accuracy

. according to

. there is not the slightest question

B
a) ¢ I0CTaTOYHOM TOYHOCTHIO
b) BHe BCSIKOTO COMHEHMS
C) B COOTBETCTBHUH C
d) HeT HU ManeiIero COMHEHHUS
€) cleayeT OTMETHTD, YTO
) MO’KHO paccmaTpuBaTh Kak
g) B CaMOM IIMPOKOM CMBICJIE
h) (ams Toro) uro6E!

Exercise 5. Match the words with the similar meaning.

1. embrace

2. accuracy

3. fundamental
4. number

5. inherent

6. investigation
7. emerge

8. concept

9. retain

10. matter

a) basic

b) notion

C) research

d) hold

e) include

f) appropriate
g) substance
h) quantity

i) precision
j) appear

Exercise 6. Translate the following terminological word combina-
tions containing Participle 11.

. automated attendant exchange

. deposited integrated circuit
. cooled cell radiometer

. integrated optic device

. weighted noise level

0O ~NOoO O WN -

. radio-controlled electronic probe
. coupled cathodic-anodic process

. stimulated emission of radiation
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9. dissipated energy
10. buried wiring

11. decreased pressure
12. well-defined beam

Exercise 7. Translate the following noun plus noun word combi-
nations. Pay attention to the difference in meaning depending on the
noun position.

. process control — control process

. cost reduction — reduction cost

. test operation — operation test

. size reduction — reduction size

. materials research — research materials
. area analysis — analysis area

. conductor cable — cable conductor

. approach action — action approach

CONO OIS WNEF

Exercise 8. Put the following sentences into the questions given in
brackets.

1. The electron is only able to exist for any finite time in certain states
of energy. (special)

2. According to modern theory, all matter is electrical in nature. (al-
ternative)

3. All three states of matter are actually employed in commercial de-
vices. (general)

4. The electron is one of the fundamental concepts of science. (indi-
rect)

5. The charge on the nucleus must be balanced by the charge of the
electrons that surround it. (special)

6. When the electron is part of an atom it retains the charge, magnetic
moment and mass. (special)

7. A completely new science has established around electronic phe-
nomena. (disjunctive)

8. All chemical substances consist of groups of atoms. (question to
the subject)
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Exercise 9. Say if the following sentences are true or false. Cor-
rect the false ones.

1. The electron is the fundamental unit of magnetism.

2. When the electron is part of an atom it retains the conductivity,
twisting moment and mass.

3. The electron is able to exist in almost fixed states of energy.

4. A stream of electrons may be regarded as an oscillatory motion
characterized by a period.

5. It is impossible to define the term “electron’ correctly.

6. Due to the electron’s discovery a completely new science estab-
lished itself around magnetic phenomena.

7. All matter is electrical in nature according to modern history.

8. Negatively charged electrons contain nearly all the mass of the
atom.

9. There are three basic states of matter such as solid, liquid and
plasma.

Exercise 10. Make up the summary of the text in Exercise 2.

The text is about ... .

The text (article) deals with ... .

The author informs the reader(s) of ... .

The author starts telling the readers about (that) ... .
The text describes ... .

It is announced that ... .

According to the text ... .

| found the text ...

Exercise 11. Complete the sentences using the necessary preposi-
tions from the box.

| with, of, until, in, to, under, from, of, into, by |

1. When the electron is part ... an atom it retains the charge, magnetic
moment and mass.

2. The answer ... this question can only emerge ... a study of the
properties of the electron.
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3. How are these electrons employed ... useful devices?

4. The charge ... the nucleus must be balanced ... the charge of the
electrons that surround it.

5. Electronics deals ... electrical circuits that involve active electrical
components such as vacuum tubes, transistors, diodes and integrated cir-
cuits, and associated passive interconnection technologies.

6. Various forms of communication infrastructure complete circuit
functionality and transform the mixed components ... a regular working
system.

7. ... 1950 the field of electronics was called "radio technology" be-
cause its principal application was the design and theory of radio trans-
mitters, receivers, and vacuum tubes.

8. The study of semiconductor devices and related technology is con-
sidered a branch of solid-state physics, whereas the design and construc-
tion of electronic circuits to solve practical problems come ... electronics
engineering.

Exercise 12. Translate the following sentences into Russian pay-
ing attention to the modal verbs.

1. Electronic devices must be built to fine limits if they are to function
in the predicted manner.

2. Electrons can be removed by the application of a very high electric
field.

3. This field of force might be a simple static electric or a magnetic
field.

4. First we should consider the arrangement of atoms in metals, i. e,
in substances having thermal and electrical conductivities.

5. A stream of electrons may be regarded as a large number of small
bodies all moving in the same direction.

6. Although the methods by which electrons may be obtained have
been considered, the remaining two questions have still to be answered.

7. From the purely physical point of view, electronics could be de-
fined as the study of the motion of electrons in, or the interaction of elec-
trons with, a field of force.

8. The fields might be very complicated ones.
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Exercise 13. Translate the following sentences into Russian pay-
ing attention to the use of the Complex Object.

1. Electronics states all phenomena to be associated with the electron,
the unit of negative electricity.

2. Scientists believe the success of silicon in microelectronics to be
largely attributed to excellent properties of SiO, interface and ease of
thermal oxidation of silicon.

3. The students understood the electron to be one of the fundamental
concepts of science.

4. They heard the engineer make a report about the discovery of new
nanomaterials.

5. Then he let us carry out experiments with a new substance.

6. Modern theory proved the atom to have a nucleus.

7. Scientists know oxygen concentration to influence many silicon
wafer properties.

8. Epitaxial growth in combination with oxide masking and diffusion
allows the device designer to make an almost limitless variety of struc-
tures.

9. The professor wanted the students to understand the two most im-
portant processes for the deposition of thin films: chemical vapour depo-
sition and evaporation.

10. The advantages of plasma etching can make scientists use this
method in manufacture of semiconductor materials and other devices

which require fineline lithography.

Exercise 14. Translate the following sentences paying attention to
the Gerunds.

1. Mankind has come far in the attempt of arranging atoms, from
chipping flint for arrowheads to machining aluminium for spaceships.

2. Genetic engineers build orderly polymers by combining molecules
in a particular order.

3. Researchers in university and industrial laboratories around the
globe have already begun theoretical work and experiments aimed at
developing molecular switches, memory devices and other structures that
could be incorporated into a protein-based computer.
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4. Enzymes assemble large molecules by 'grabbing’' small molecules
from water around them, then by holding them together so that a bond
forms.

5. Second generation nanomachines will serve as improved devices
for assembling molecular structures.

6. With today's bulk technology of micromachining engineers make
patterns on silicon chips by throwing atoms and photons at them.

7. Their having received good results at such temperatures caused a
great surprise among the researchers.

8. Silicon resembles carbon in forming a series of volatile hydrates.

Exercise 15. Translate the following text into Russian in writing.
Electronics Components

Integrated Circuits and Moore’s Law

You've probably heard of Moore’s Law, an electronics statement
which in a nutshell predicts that the number of transistors that can be
placed on a single integrated circuit doubles about every two years.

Gordon Moore, one of the founders of Intel, first stated his prediction
in 1965. Back then, the prediction was even more ambitious. Originally,
Moore’s Law said that the transistor count would double every year, not
every two years. In the mid-1970s, the pace slowed a bit, so the predic-
tion was scaled back.

Moore’s Law states that the increase in complexity of electronic technol-
ogy is exponential, not incremental as most technologies are. For example,
consider the automotive industry, where gas mileage gets incrementally bet-
ter every year. Gordon Moore said that if Moore’s law applied to automo-
biles, a Rolls-Royce would get half a million miles per gallon, and it would
be cheaper to buy a new one than pay to park the one you have.

Several times over the years, scientists have feared that the end of
Moore’s law was on the horizon, as the chip manufacturing technology
was approaching some physical limit that could not be exceeded, such as
the wavelength of the light used to etch the circuits.

But each time, some new technological breakthrough has enabled
manufacturers to simply bypass the old limit. Moore’s law has held true
now for nearly fifty years and is expected to continue into the foreseea-
ble future.
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One possible explanation for the uncanny accuracy of Moore’s law is
that it has become a self-fulfilling prophecy. Integrated circuit manufac-
turers rely on Moore’s law to set their own engineering goals, and they
then work feverishly to achieve those goals. Thus, Moore’s law has be-
come the objective of the semiconductor industry.

What Exactly Is an Integrated Circuit?

An integrated circuit (also called an IC or just a chip) is an entire
electronic circuit consisting of multiple individual components such as
transistors, diodes, resistors, capacitors, and the conductive pathways
that connect all the components, all made from a single piece of silicon
crystal.

To be clear, an integrated circuit isn't a really small circuit board that
has components mounted on it. In an integrated circuit, the individual
components are embedded directly into the silicon crystal.

Previous circuit fabrication techniques relied on mounting smaller
and smaller parts on smaller and smaller circuit boards, but an integrated
circuit is all one piece. Instead of just two or three p-n junctions (as in a
diode or a triode), an integrated circuit has thousands of individual p-n
junctions. In fact, many modern integrated circuits have millions or even
billions of them, all fashioned from a single piece of silicon.

The earliest integrated circuits were simple transistor amplifier cir-
cuits with just a few transistors, resistors, and capacitors.

Now, integrated circuits are unbelievably complex. The most ad-
vanced Intel computer chip has 2.6 billion transistors.

Most of the integrated circuits you'll work with for hobby projects
will be much more modest, having something on the order of a few doz-
en transistors. For example, the 555 timer IC has 20 transistors, 2 diodes,
and 15 resistors and costs about a dollar.
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Unit 10
CARBON NANOTUBES

Exercise 1. Learn the following words and word combinations
and their meanings.

akin (adj) — moxosxwuit, cxomHBII

arrangement (n) — pa3meIieHue, pacnoIoKeHUE

assume (V) — npuauMaTh, 00peratsb (Gopmy)

beguiling (adj) — 3aMaHuUBbIi, TPUTATATEIBHBII

building block — ctangapTHBIi (KOMIOHOBOYHBIN) GJIOK
carbon nanotube — yriepoanas HaHOTpyOKa

Central Processing Unit (CPU) — nenTpaibHBIii Iporieccop
dual identity — qBoitHOE CXOICTBO

entire (adj) — moONMHEBIA, 1ENBIA, BECH

exceedingly (adv) — BecbMa, OYeHB, CHIIBHO, YPE3BBIYAHO
extend (V) — pacmmpsTh, pacpOCTPaHITh

fishing pole — ymouka

flat-panel display — mucrureii ¢ mrockuM s3KkpaHoM
graphitelike (adj) — rpaduronoao0HbIi

honeycomb pattern — coroBuaHass MOIEb

long-lasting — monroBeuHsIi, ¢ AIUTENLHBIM CPOKOM CITYKOBI
roll (v) — cBepTBIBaTh, CKaTHIBAThH

satellite cable — criyTHHKOBOE TeneBUACHNE

sheet (n) — croit, muct

stack (n) — kwura, cromnka

Exercise 2. Read the text attentively and translate it into Russian.
Carbon Nanotubes

In the early 1990s, scientists at the NEC Fundamental Research La-
boratory in Tsukuba, Japan, discovered a tiny graphitelike structure with
the most beguiling dual identity. Sometimes it’s a metal, and sometimes
it’s a semiconductor. It can serve as a wire, transporting current from one
place to another, and it can also serve as a transistor, using changes in
current to store information.
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This microscopic structure, known as a carbon nanotube (Fig. 3),
could be the secret to extending Moore’s Law (which predicts that the
number of transistors on the fastest CPUs will double every 18 months)
beyond the limits of today’s silicon microprocessors. It is also the basic
building block for all sorts of future products, from flat-panel displays
and long-lasting batteries to fishing poles and satellite cables.

Fig. 3. Carbon nanotubes

Only 1/100,000 the thickness of a human hair yet exceedingly dura-
ble, a carbon nanotube is akin to graphite - a sheet of carbon atoms ar-
rangement in a tight honeycomb pattern. Your pencil tip consists of stack
after stack of such microscopic sheets. Carbon nanotubes are formed
when the sheets of atoms are rolled into cylinders.

When carbon atoms assume a certain arrangement along the length of
a tube, the nanotube behaves like a semiconductor. In a different ar-
rangement, it becomes a metal. Semiconductors conduct current at cer-
tain voltages but not others. They are used to build transistors, in which
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processors store information. When one voltage is applied, the current
stops, and the transistor turns off. Metals, which conduct at any voltage,
are used to build the wires that connect transistors.

In theory, you could build an entire microprocessor from carbon
nanotubes. Its parts would be far smaller—and thus far faster—than the
copper wires and silicon.

Exercise 3. Using the definitions given below guess the words and
cross them out in the word square.
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1. A person who is studying or has expert knowledge of one or more
of the natural or physical sciences.

2. A cylindrical molecule of a fullerene.

3. A grey crystalline allotropic form of carbon which occurs as a min-
eral in some rocks and can be made from coke; used as a solid lubricant,
in pencils, and as a moderator in nuclear reactors.

4. So small as to be visible only with a microscope.

5. An integrated circuit that contains all the functions of a central pro-
cessing unit of a computer.

6. Something that consists of parts connected together in an ordered way.

7. Consisting of two parts, elements, or aspects.

8. The chemical element of atomic number 6, a hon-metal which has
two main forms (diamond and graphite) and which also occurs in impure
form in charcoal, soot, and coal.

9. A statement of fact, deduced from observation, to the effect that a
particular natural or scientific phenomenon always occurs if certain con-
ditions are present.
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Exercise 4. Find the English equivalents in B to the Russian

words in A.
A
1. XpaHHUTb a) determine
2. TIPOYHBIH a) tight
3. ucnonp3oBath | a) apply
4. pacumpsTh a) achieve
5. moxoxuit a) akin
6. mpejcka3piBaTh | a) gUESS
7.4pe3BBIYAITHO a) exceedingly
8. cxoacTBO a) arrangement
9. KOHYHK a) tip
10. mepemeniath | a) Serve

B

b) include c) store

b) durable C) entire
b) conduct C) turn on
b) extend c) double
b) fast c) certain
b) modify c) predict
b) freely ¢) through
b) current c) identity
b) stack c) sheet
b) transport ¢ build

Exercise 5. Make up the word combinations from columns A and

B and find their equivalents in C.

A
flat-panel
silicon
building
copper
dual
long-lasting
honeycomb
satellite
graphitelike
pencil

B
pattern
identity
cables
battery
tip
structure
display
microprocessor
block
wire

C
MEIHbINA MPOBOJ
rpudensb
JIMCTLIEH C MJIOCKUM 3KPaHOM
JIBOMHOE CXOJCTBO
COTOBUJIHASI MOJIEITH
CTaHJAPTHBINA OJIOK
KaOenbpHOe TeJIeBUICHUE
rpaduTononobHas CTPyKTypa
JTOJITOBEYHBIN aKKyMYJISTOP
KPEMHHUEBBIA MUKPOIIPOIIECCOD

Exercise 6. Unjumble the letters to make the words from the text.

. orcanb

. riew

bacle

. rnarmneaget
. nyrcledi

. tnhegl

. pyalp

. inioslc

ONOUTAWN R

U)SJ.)—OQJOEO
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Exercise 7. Say if the following sentences are true or false.
Correct the false ones.

1.Scientists from Japan discovered a huge graphitelike structure with
the most beguiling dual identity in the late 1990s.

2. In fact, carbon nanotube is a microscopic structure.

3. Moore’s Law predicts that the number of transistors on the fastest
CPUs will triple every 18 months.

4. Carbon nanotube is the basic building block for satellite cables,
flat-panel displays, long-lasting batteries etc.

5. A pencil tip consists of stack after stack of microscopic sheets.

6. Semiconductors are not able to conduct current at certain voltages.

7. The sheets of atoms are rolled into cylinders and so carbon nano-
tubes are formed.

8. Metals, which conduct at certain voltage, are used to build the
wires that connect transistors.

Exercise 8. Make up the summary of the text in Exercise 2.

The text is under the headline ... .

The main idea of the text is...

The author starts telling the readers about (that)...
It is pointed out that ... .

Much attention is given to ... .

I think this text is ... .

Exercise 9. Think of questions using the following sentences.

1. In the early 1990s, scientists at the NEC Fundamental Research
Laboratory in Japan, discovered a tiny graphitelike structure.

When ?
Who ?
What ?

2. Carbon nanotubes are formed when the sheets of atoms are rolled
into cylinders.

How /

What ?

3. Semiconductors conduct current at certain voltages but not others.
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What kind of voltages ?

Do ?

4. Metals, which conduct at any voltage, are used to build the wires
that connect transistors.

What purpose ?

What metals ?

Exercise 10. Cross out the odd word. All the words in the line
should belong to one part of speech.

1. Voltage, conductance, power, chip, resist.

2. Serve, achieve, predict, radiation, build.

3. Exceedingly, essentially, typically, tightly, efficiency.

4. Join, roll, copper, extend, perform.

5. It, one, she, you, they.

6. Transmit, reflect, transistor, emit, absorb.

7. Structure, number, active, conductor, battery.

8. Microprocessor, semiconductor, transistor, nanotube, reflect.
9. Dual, entire, flat, tiny, circuit.

10. Thickness, structure, visible, length, width.

Exercise 11. Divide the words into five columns according to their
part of speech.

Noun Adjective Pronoun Adverb | Conjunction

Wire, early, and, dual, identity, slowly, or, sometimes, another, this,
secret, double, also, carbon, limit, all, that, thickness, yet, tight, but, it,
quickly, processor, entire, they, exceedingly.

Exercise 12. Restore the original sentences and translate them in-
to Russian.

1. As, can, transistor, it, a, serve, also.
2. Structure, nanotube, this, a, microscopic, is, carbon, as, known.
3. Japan, graphitelike, scientists, in, tiny, discovered, a, structure.
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4. Building, future, the, it, basic, for, products, is, block, all.

5. Current, voltages, semiconductors, at, certain, conduct.

6. Is, voltage, stops, one, current, when, the, applied.

7. Nanotubes, build, microprocessor, you, an, from, could, carbon,
entire

8. Tight, atoms, arrange, a, in, pattern, of, a, honeycomb, sheet, car-
bon.

Exercise 13. Translate the following sentences paying attention to
the Absolute Participial Construction.

1. Carbon nanotubes being exceedingly durable, scientists will use
them as building blocks for all sorts of future products.

2. With carbon atoms arranged in a certain order, the nanotube be-
haves like a semiconductor.

3. A carbon nanotube is akin to graphite, its atoms being arranged in a
honeycomb pattern.

4. Silver being very expensive, we rarely use it as a conductor.

5. Carbon nanotubes look like hollow cigars, with the sheets of car-
bon atoms rolled into cylinders.

6. Scientists being unable to shrink silicon transistors any further,
they may abandon silicon altogether and move on to completely new
materials.

Exercise 14. Translate the following text into Russian in writing.
Nanotechnologies

Our modern technology builds on an ancient tradition. Thirty thou-
sand years ago, chipping flint was the high technology of the day. Our
ancestors grasped stones containing trillions of trillions of atoms and
removed chips containing billions of trillions of atoms to make their ax
heads; they made fine work with skills difficult to imitate today. They
also made patterns on cave walls in France with sprayed paint, using
their hands as stencils. Later they made pots by baking clay, then bronze
by cooking rocks. They shaped bronze by pounding it. They made iron,
then steel, and shaped it by heating, pounding, and removing chips.
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We now cook up pure ceramics and stronger steels, but we still shape
them by pounding, chipping, and so forth. We cook up pure silicon, saw
it into slices, and make patterns on its surface using tiny stencils and
sprays of light. We call the products ‘chips’ and we consider them ex-
quisitely small, at least in comparison to ax heads.

Our microelectronic technology has managed to stuff machines as
powerful as the room-sized computers of the early 1950s onto a few sili-
con chips in a pocket-sized computer. Engineers are now making ever
smaller devices, slinging herds of atoms at a crystal surface to build up
wires and components one tenth the width of a fine hair.

These microcircuits may be small by the standards of flint chippers,
but each transistor still holds trillions of atoms, and so-called ‘micro-
computers’ are still visible to the naked eye. By the standards of a newer,
more powerful technology they will seem gargantuan.

The ancient style of technology that led from flint chips to silicon
chips handles atoms and molecules in bulk; call it bulk technology. The
new technology will handle individual atoms and molecules with control
and precision; call it molecular technology. It will change our world in
more ways than we can imagine.

Microcircuits have parts measured in micrometers — that is, in mil-
lionths of a meter — but molecules are measured in nanometers (a thou-
sand times smaller). We can use the terms ‘hanotechnology’ and ‘molec-
ular technology’ interchangeably to describe the new style of technolo-
gy. The engineers of the new technology will build both nanocircuits and
nanomachines.
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SUPPLEMENTARY TEXTS FOR READING
AND TRANSLATING

How Semiconductors Work

Operationally, transistors and vacuum tubes have similar functions;
they both control the flow of current.

In order to understand how a semiconductor operates, consider a glass
container filled with pure water. If a pair of conductive probes are immersed
in the water and a DC voltage (below the electrolysis point i.e. breakdown
point for water) is applied between them, theoretically no current would
flow because the water has no charge carriers. In reality water undergoes
self-ionization which introduces charge carriers allowing a very small cur-
rent to flow. Dissolve a pinch of table salt in the water and conduction be-
gins, because mobile carriers (ions) have been released. Increasing the salt
concentration increases the conduction, but not very much. A dry lump of
salt is non-conductive, because the charge carriers are immobile.

An absolutely pure silicon crystal is also an insulator, but when an
impurity e. g. arsenic is added (called doping) in quantities minute
enough not to completely disrupt the regularity of the crystal lattice, it
donates free electrons and enables conduction. This is because arsenic
atoms have five electrons in their outer shells while silicon atoms have
only four. Conduction is possible because a mobile carrier of charge has
been introduced, in this case creating n-type silicon (‘n’ for negative.
The electron has a negative charge).

Alternatively, silicon can be doped with boron to make p-type silicon
which also conducts. Because boron has only three electrons in its outer
shell another kind of charge carrier, called a ‘hole’, is formed in the sili-
con crystal lattice.

In a vacuum tube, on the other hand, the charge carriers (electrons) are
emitted by thermionic emission from a cathode heated by a wire filament.
Therefore, vacuum tubes cannot generate holes (positive charge carriers).

Note that charge carriers of the same polarity repel one another so
that, in the absence of any force, they are distributed evenly throughout
the semiconductor material. However, in an impowered bipolar transistor
(or junction diode) the charge carriers tend to migrate towards a P/N
junction, being attracted by their opposite charge carriers on the other
side of the junction.
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Increasing the doping level increases the semiconductor conductivity,
providing that the crystal lattice, overall, remains intact. In a bipolar
transistor the emitter has a higher doping level than the base. The ratio of
emitter/base doping levels is one of the main factors that dictates the
junction transistor's current gain.

The level of doping is extremely low: in the order of parts per one
hundred million, and this is the key to semiconductor operation. In met-
als, the carrier population is extremely high; one charge-carrier per atom.
In metals, in order to convert a significant volume of the material into an
insulator, the charge carriers must be swept out by applying a voltage. In
metals this value of voltage is astronomical; more than enough to destroy
the metal before it converts to an insulator. But in lightly doped semi-
conductors there is only one mobile charge carrier per million or more
atoms. The level of voltage required to sweep so few charge-carriers out
of a significant volume of the material is easily reached. In other words,
the electricity in metals is incompressible, like a fluid, while in semicon-
ductors behaves as a compressible gas. Doped semiconductors can be
rapidly changed into insulators, while metals cannot.

The above explains conduction in a semiconductor by charge carriers,
either electrons or holes, but the essence of bipolar transistor action is the
way that electrons/holes seemingly make a prohibited leap across the
insulating depletion zone in the reverse-biased base/collector junction
under control of the base/emitter voltage. Although a transistor may
seem like two interconnected diodes, a bipolar transistor cannot be made
simply by connecting two discrete junction diodes together. To produce
bipolar transistor action they need to be fabricated on the same crystal,
and physically sharing a common and extremely thin base region.

Doping of Semiconductors

One of the main reasons that semiconductors are useful in electronics
is that their electronic properties can be greatly altered in a controllable
way by adding small amounts of impurities. These impurities are called
dopants.

Heavily doping a semiconductor can increase its conductivity by a
factor greater than a billion. In modern integrated circuits, for instance,
heavily-doped polycrystalline silicon is often used as a replacement for
metals.
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Intrinsic and Extrinsic Semiconductors

An intrinsic semiconductor is a semiconductor which is pure enough
that the impurities in it do not appreciably affect its electrical behavior.
In this case, all carriers are created by thermally or optically excited elec-
trons from the full valence band into the empty conduction band. Thus
equal numbers of electrons and holes are present in an intrinsic semicon-
ductor. Electrons and holes flow in opposite directions in an electric
field, though they contribute to current in the same direction since they
are oppositely charged. Hole current and electron current are not neces-
sarily equal in an intrinsic semiconductor, however, because electrons
and holes have different effective masses (crystalline analogues to free
inertial masses).

The concentration of carriers in an intrinsic semiconductor is strongly
dependent on the temperature. At low temperatures, the valence band is
completely full, making the material an insulator. Increasing the temper-
ature leads to an increase in the number of carriers and a corresponding
increase in conductivity. This principle is used in thermistors. This be-
havior contrasts sharply with that of most metals, which tend to be-
come less conductive at higher temperatures due to increased phonon
scattering.

An extrinsic semiconductor is a semiconductor that has been doped
with impurities to modify the number and type of free charge carriers
present.

A semiconductor which is doped to such high levels that the dopant
atoms are an appreciable fraction of the semiconductor atoms is called
degenerate. A degenerate semiconductor acts more like a conductor than
a semiconductor.

N-type Doping

The purpose of n-type doping is to produce an abundance of mobile
or ‘carrier' electrons in the material. To help understand how n-type dop-
ing is accomplished, consider the case of silicon (Si). Si atoms have four
valence electrons, each of which is covalently bonded with one of four
adjacent Si atoms. If an atom with five valence electrons, such as those
from group 15 (a.k.a. group V) of the periodic table (e.g. phosphorus (P),
arsenic (As), or antimony (Sb)), is incorporated into the crystal lattice in
place of a Si atom, then that atom will have four covalent bonds and one
unbonded electron. This extra electron is only weakly bound to the atom
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and can easily be excited into the conduction band. At room tempera-
tures, virtually all such electrons are excited into the conduction band.
Since excitation of these weakly bound electrons does not result in the
formation of a hole, the number of electrons in such a material far ex-
ceeds the number of thermally generated holes. In this case the electrons
are the majority carriers and the holes are the minority carriers. Because
the five-electron atoms have an extra electron to 'donate’, they are called
donor atoms. Note that each movable electron within the semiconductor
is never far from an immobile positive dopant ion, and the n-doped mate-
rial normally has a net electric charge of zero.

P-type Doping

The purpose of p-type doping is to create an abundance of holes. In
the case of silicon, a trivalent atom (such as boron) is substituted into the
crystal lattice. The result is that one electron is missing from one of the
four covalent bonds normal for the silicon lattice. Thus the dopant atom
can accept an electron from a neighboring atom's covalent bond to com-
plete the fourth bond. Such dopants are called acceptors. The dopant at-
om accepts an electron, causing the loss of one bond from the neighbor-
ing atom and resulting in the formation of a 'hole'. Each hole is associat-
ed with a nearby negative-charged dopant ion, and the semiconductor
remains electrically neutral as a whole. However, once each hole has
wandered away into the lattice, one proton in the atom at the hole's loca-
tion will be 'exposed’ and no longer cancelled by an electron. For this
reason a hole behaves as a quantity of positive charge. When a suffi-
ciently large number of acceptor atoms are added, the holes greatly out-
number the thermally-excited electrons. Thus, the holes are the majority
carriers, while electrons are the minority carriers in p-type materials.
Blue diamonds (Type 1lb), which contain boron (B) impurities, are an
example of a naturally occurring p-type semiconductor.

Optical Metrology for LEDs and Solid State Lighting

There have been significant advancements in light-emitting diodes
(LEDS) in recent years. High brightness LEDs are now available in many
colours and their efficiency has recently been greatly improved. LEDs
are being utilized in many single-colour applications at a great pace,
such as traffic lights, emergency lights, automotive lights, aviation lights,
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outdoor colour displays, and niche lighting applications. White LEDs are
also now available, and their performance is improving year by year.
White LEDs are produced by mixture of multi-colour LEDs (e. g., RGB
combination), by use of a phosphor excited by blue LED emission, or by
multiple phosphors excited by UV LEDs emission. White LEDs are al-
ready being introduced into niche lighting applications, and as their per-
formance improves, they are highly expected for use in general lighting
due to their potential high efficiency. Solid state lighting is promising
because it has theoretically a very high luminous efficacy (theoretical
limit of white LEDs light ~ 400 Im/W). Many of white LEDs currently
commercially available have a luminous efficacy of ~ 30Im/W, already
higher than incandescent lamps. Nearly 100 Im/W has been achieved on
laboratory prototypes, which is the level of the current high-efficiency
fluorescent lamps. Solid state lighting (SSL) will have great impact for
the potential of huge energy savings. In the United States, lighting con-
sumes 22 % of electricity and 8 % of total energy. The U. S. Department
of Energy expects that solid state lighting will reduce the energy consump-
tion by lighting to a half of the current level by 2025. This will also lead to
10 % reduction in greenhouse gas emissions. The goal of SSL industry in a
shorter term is to achieve 150 Im/W white LED lamps by 2012.

Such a goal for SSL is a great challenge. There are many technical
hurdles to overcome for SSL to be able to substantially penetrate into
general lighting market. For example, much improvement is needed for
the internal quantum efficiency (Q.E.) of LEDs. The yellow-green region
(~540 to ~570 nm, called the ‘green hole’) suffers from very low effi-
ciency (less than 10 % Q.E.) while red LEDs already achieve more than
80 % Q.E. and blue LEDs have Q.E. of ~50 %. The green region is im-
portant for multi-chip white LEDs to produce good colour rendering.
Light extraction efficiency is also a difficulty. About 50 % of the light
from the chip is trapped inside the encapsulation and lost. Phosphor type
white LEDs suffer from the loss of quantum efficiency of phosphors
(currently about 70 %). Flux per chip is very important for real applica-
tion of LEDs for lighting, as lighting requires a large amount of lumi-
nous flux. Finally, cost is probably the largest hurdle for penetration into
lighting market. The price per kilo lumen of white LEDs is currently two
orders of magnitude higher than traditional lamps.
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Atomic Force Microscopy in Nanomedicine

Atomic force microscopy (AFM) is a type of scanning probe micros-
copy (SPM) technique developed by G. Binnig, C.F. Quate and C. Ger-
ber in 1986. It is one of the most important tools in nanoscience and
technology to visualize, manipulate and modify single biomolecules at
their near native environment. Considerable advances in biomedical re-
search were gained through structural biology studies using electron mi-
croscopy, X-ray diffraction, nuclear magnetic resonance etc. However,
their main limitations being extensive sample preparations, crystalliza-
tion problems, size limitations and most importantly their non-
physiological imaging environments doesn't provide any functional in-
formation of the samples analyzed. On the other hand, AFM doesn't re-
quire such elaborate sample preparations; it allows examining the samples
at their physiological conditions thus permit functional and dynamic studies
under noninvasive conditions. Most importantly, it allows easy integration
of other complementary modalities like fluorescence microscopy (including
widefield, confocal, TIRF, FRET, etc.), electrophysiology, optical tweezers,
microfluidics, etc., thus providing a powerful platform to obtain structure-
function data at single molecular level.

In its simplest form, AFM has a cantilever with a sharp probe at its tip
to scan the sample surface. When the tip is drawn close to a surface, de-
pending upon the surface characteristics, the tip experiences a variety of
force interactions that deflects the cantilever which is detected by a laser
spot (most commonly) on a quadrant photodiode. A feedback control
maintains the tip-sample separation via cantilever deflection to maintain
the constant force experienced by the tip. In certain configurations, the
sample is mounted on a X, Y, Z piezoelectric tube that can move the
sample in z axis to maintain the same force experienced by the tip and
move the sample in X, Y to enable raster scan across the sample. By do-
ing so, it captures the topography of the sample down to molecu-
lar/atomic resolutions (0.1 nmin Z and 1 nm in X, Y) (Fig. 4).
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Fig. 4. Schematic of the operating principle of AFM

There are two main imaging modes of AFM:

1) contact mode, in which an electronic feedback circuit maintains a
constant deflection, ensuring a constant force of interaction between tip
and sample. The amount of 'z' variation needed to maintain the constant
interaction force is plotted versus the x and y coordinates, producing a
topographic image and

2) tapping mode, in which the amplitude of vibration of an oscillating
cantilever is maintained constant during scanning. In the tapping mode,
the phase lag between the driving circuit and the actual tip vibration is
also measured. The deflection of the cantilever in the contact mode and
the damping of vibration amplitude in tapping mode are caused by a sum
of attractive and repulsive forces.

The dominant repulsive force sensed by the AFM cantilever results
from the overlapping of electron orbitals between the atoms of the tip
and of the sample. The dominant attractive force is Van der Waals inter-
action, which is primarily due to non localized dipole-dipole interactions.
Another strong attractive force component that exists while imaging in
air is the meniscus-surface force due to adsorbed water layers. In fluids,
consideration should be given to electrostatic interactions between
charges and the sample and tip, and structural forces, and adhesion forc-
es. In the tapping mode, conductive/magnetically coated cantilevers can
sense electrostatic and magnetic forces, and image for instance magnetic
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domains, surface charge distributions, local surface capacitance and local
conductance. These forces can be used to generate images that provide val-
uable information on the differences in local surface chemistry, like separate
lipid and protein clusters in a membrane, and as such can be used as effec-
tive sensors of energy and the functional states of a specimen.

Nanomechanical Biosensors: a New Sensing Tool

Biosensors are devices that take advantage of the high specificity of
biological reactions for detecting target analytes. They couple a biologi-
cal recognition element (specific to the target analyte) with a physical
transducer that translates the bio-recognition event into a measurable
effect, such as an electrical signal, an optical emission or a mechanical
motion. In the early 1960s, Clark and Lyons and Updike and Hicks de-
veloped the first biosensor, based on the specific catalytic interaction of
the glucose oxidase enzyme with glucose. Since then, there has been ra-
pid growth in research activities in this area and the biosensor field has
made great advances in developing new sensing devices capable of cha-
racterizing and quantifying biomolecules in many fields, such as bio-
medical, industrial or environmental control.

However, besides the excellent results obtained with existing sensor
technologies, we still need biosensors able to detect, in a direct way, very
low (picomolar to femtomolar) levels of a great number of chemical and
biochemical substances in areas such as environmental monitoring, in-
dustrial and food processing, healthcare, biomedical technology, and
clinical analysis. Progress in microtechnologies allows development of
highly sensitive sensors with the additional advantage of miniaturization.
Microbiosensor or nanobiosensor devices based on microelectronics and
related micro-electromechanical system (MEMS) technologies provide
devices that could easily be integrated into portable 'lab-on chip' plat-
forms to perform 'point-of-care' analysis because, for many applications,
portability is a major issue. Additional advantages of this approach to
fabrication are robustness, reliability, low energy consumption, and mass
production with consequent reduction in costs.

Microcantilever sensors are most promising for microbiosensors and
nanobiosensors. This new class of highly sensitive biosensors can per-
form local, high resolution and label-free molecular recognition meas-
urements. They are derived from the microfabricated cantilevers used in
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atomic force microscopy (AFM) and are based on the bending induced in
the cantilever when, for example, a biomolecular interaction takes place
on one of its surfaces. The microcantilevers translate the molecular
recognition of biomolecules into nanomechanical motion (from a few nm
to hundreds of nm), which is commonly coupled to an optical or piezo-
resistive read-out system.

Microcantilevers are typically made of silicon/silicon nitride or polymer
materials, with dimensions ranging from tens to hundred of um long, some
tens of um wide and hundreds of nm thick. Moreover, these devices can be
fabricated in arrays comprising 10 to thousands of microcantilevers, so they
are a promising alternative to current DNA and protein chips because they
could permit parallel, fast, real-time monitoring of thousands of analytes
(e.g., proteins, pathogens, and DNA strands) without any need for labeling.
When fabricated at the nanoscale (nanocantilevers), the sensitivity goes
down and expected limits of detection (LODs) are in the femtomole (fmol)
to attomole (amol) range with the astonishing possibility of detection at the
single-molecule level in real time.

Carbon Nanotubes and Nanodevices

Carbon nanotubes, discovered in 1991, are molecular structures
which consist of graphene cylinders closed at either end with caps con-
taining pentagonal rings. Carbon nanotubes are produced by vaporizing
carbon graphite with an electric arc under an inert atmosphere. The car-
bon molecules organize a perfect network of hexagonal graphite rolled
up onto itself to form a hollow tube. The standard arc evaporation meth-
od produces only multilayered tubes, and the single-layer uniform nano-
tubes. One can fill nanotubes with any media, including biological mole-
cules. The carbon nanotubes can be conducting or insulating medium
depending upon their structure. The application of these nanotubes,
formed with a few carbon atoms in diameter, provides the possibility to
fabricate devices on an atomic and molecular scale. The diameter of
nanotube is 100,000 times less that the diameter of the sawing needle.
The carbon nanotubes, which are much stronger than steel wire, are the
perfect conductor (better than silver), and have thermal conductivity bet-
ter than diamond. The carbon nanotubes are manufactured using the carbon
vapour technology. Single-wall carbon nanotubes are manufactured using
laser vaporization, arc technology, vapour growth, as well as other methods.
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The carbon nanotubes can be organized as large-scale complex neural
networks to perform computing and data storage, sensing and actuation,
etc. Metallic solids (conductor, for example, copper, silver and iron)
consist of metal atoms. These metallic solids usually have hexagonal,
cubic, or body centered cubic close-packed structures. Each atom has 8
or 12 adjacent atoms. The bonding is due to valence electrons that are
delocalized thought the entire solid.

MEMS Accelerometers

An accelerometer is an electromechanical device that measures acce-
leration forces. These forces may be static, like the constant force of gra-
vity pulling at our feet, or they could be dynamic — caused by moving or
vibrating the accelerometer. There are many types of accelerometers de-
veloped and reported in the literature. The vast majority is based on pie-
zoelectric crystals, but they are too big and too clumsy. People tried to
develop something smaller, that could increase applicability and started
searching in the field of microelectronics. They developed MEMS (mi-
cro electromechanical systems) accelerometers.

The first micro machined accelerometer was designed in 1979 at
Stanford University, but it took over 15 years before such devices be-
came accepted mainstream products for large volume applications. In the
1990s MEMS accelerometers revolutionised the automotive airbag sys-
tem industry. Since then they have enabled unique features and applica-
tions ranging from hard disk protection on laptops to game controllers.
More recently, the same sensor core technology has become available in
fully integrated, full-featured devices suitable for industrial applications.

Micro machined accelerometers are a highly enabling technology
with a huge commercial potential. They provide lower power, compact
and robust sensing. Multiple sensors are often combined to provide mul-
ti-axis sensing and more accurate data.

What could link an inkjet printer head, a video projector DLP system,
a disposable bio-analysis chip and an airbag crash sensor — yes, they are
all MEMS, but what is MEMS? Micro Electro Mechanical Systems or
MEMS is a term coined around 1989 by Prof. R. Howe and others to
describe an emerging research field, where mechanical elements, like
cantilevers or membranes, had been manufactured at a scale more akin to
microelectronics circuit than to lathe machining. It appears that these
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devices share the presence of features below 100 um that are not ma-
chined using standard machining but using other techniques globally
called micro-fabrication technology. Of course, this simple definition
would also include microelectronics, but there is a characteristic that
electronic circuits do not share with MEMS. While electronic circuits are
inherently solid and compact structures, MEMS have holes, cavity,
channels, cantilevers, membranes, etc, and, in some way, imitate
'mechanical’ parts. The emphasis on MEMS based on silicon is clearly a
result of the vast knowledge on silicon material and on silicon based mi-
cro-fabrication gained by decades of research in microelectronics. And
again, even when MEMS are based on silicon, microelectronics process
needs to be adapted to cater for thicker layer deposition, deeper etching
and to introduce special steps to free the mechanical structures. MEMS
needs a completely different set of mind, where next to electronics, me-
chanical and material knowledge plays a fundamental role. Then, many
more MEMS are not based on silicon and can be manufactured in poly-
mer, in glass, in quartz or even in metals.

The development of a MEMS component has a cost that should not
be misevaluated and the technology has the possibility to bring unique
benefits. The reasons that prompt the use of MEMS technology are, for
example, miniaturization of existing devices, development of new devi-
ces based on principles that do not work at larger scale, development of
new tools to interact with the microworld. Miniaturization reduces cost
by decreasing material consumption. It also increases applicability by
reducing mass and size allowing to place the MEMS in places where a
traditional system doesn't fit. A typical example is brought by the acce-
lerometer developed as a replacement for traditional airbag triggering
sensor also used in digital cameras to help stabilize the image or even in
the contactless game controller integrated in the latest handphones. An-
other advantage that MEMS can bring relates with the system integra-
tion. Instead of having a series of external components (sensor, inductor)
connected by wire or soldered to a printed circuit board, the MEMS on
silicon can be integrated directly with the electronics. These so called
smart integrated MEMS already include data acquisition, filtering, data stor-
age, communication, interfacing and networking. As we see, MEMS tech-
nology not only makes the things smaller but often makes them better.
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MEMS Technology

MEMS is an emerging technology which uses the tools and techniques
that were developed for the integrated circuit industry to build microscopic
machines. These machines are built on standard silicon wafers.

The real power of this technology is that many machines can be built
at the same time across the surface of the wafer, with no assembly re-
quired. Since it is a photographic-like process, it is just as easy to build a
million machines on the wafer as it would be to build just one.

These tiny machines are becoming ubiquitous, and are quickly find-
ing their way into a variety of commercial and defense applications.

There are several different broad categories of MEMS technologies:

1) Bulk Micromachining

Bulk micromachining is a fabrication technique which builds me-
chanical elements by starting with a silicon wafer, and then etching away
unwanted parts, and being left with useful mechanical devices. Typical-
ly, the wafer is photo patterned, leaving a protective layer on the parts of
the wafer that you want to keep. The wafer is then submerged into a lig-
uid etchant, like potassium hydroxide, which eats away any exposed sili-
con. This is a relatively simple and inexpensive fabrication technology,
and is well suited for applications which do not require much complexi-
ty, and which are price sensitive.

Fig. 5. Pressure sensor for high-reliability avionics and industrial applications
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Today, almost all pressure sensors are built with bulk micromachi-
ning. Bulk micromachined pressure sensors offer several advantages
over traditional pressure sensors. They cost less, are highly reliable,
manufacturable, and there is very good repeatability between devices.

All new cars on the market today have several micromachined pres-
sure sensors, typically used to measure manifold pressure in the engine.

Fig. 6. ST MEMS pressure sensor

The small size and high reliability of micromachined pressure sensors
make them ideal for a variety of medical applications as well.

2) Surface Micromachining

While bulk micromachining creates devices by etching into a wafer,
surface micromachining builds devices up from the wafer layer-by-layer.

Fig. 7. Polysilicon resonator structure fabricated using a surface
micromachining process
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A typical surface micromachining process is a repetitive sequence of
depositing thin films on a wafer, photo patterning the films, and then
etching the patterns into the films. In order to create moving, functioning
machines, these layers are alternating thin films of a structural material
(typically silicon) and a sacrificial material (typically silicon dioxide).
The structural material will form the mechanical elements, and the sacri-
ficial material creates the gaps and spaces between the mechanical ele-
ments. At the end of the process, the sacrificial material is removed, and
the structural elements are left free to move and function.

Fig. 8. Polysilicon micromotor fabricated using a surface micromachining process

For the case of the structural level being silicon, and the sacrificial
material being silicon dioxide, the final ‘release’ process is performed by
placing the wafer in hydrofluoric acid. The hydrofluoric acid quickly
etches away the silicon dioxide, while leaving the silicon undisturbed.

The wafers are typically then sawn into individual chips and the chips
are packaged in an appropriate manner for the given application.

Surface micromachining requires more fabrication steps than bulk
micromachining, and hence is more expensive. It is able to create much
more complicated devices, capable of sophisticated functionality. Sur-
face micromachining is suitable for applications requiring more sophisti-
cated mechanical elements.
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Appendix

INPABUJIA YTEHUSA HEKOTOPBIX MATEMATHYECKHUX
CHUMBOJIOB

ITpoctsie xpoou (Common Fractions)

Yucaureasb BbIpaXXaC€TCA KOJIMYCCTBCHHBIM, a 3HAMCHATECJIb MMOPAAKO-
BBIM YHUCIUTEIBHBIM. Ecn yucauTenas Oojblne CIUHUIBI, TO 3HAMCHA-
TE€JIb IPUHUMACT OKOHYaHME MHO>KECTBCHHOI'O 4YHCiIa -S.

112 a half; one half
13 a third; one third
1/4 a) aquarter; one quarter
b) a fourth; one fourth
110 a (one) tenth
100 @ (one) hundredth
v123s  a(one) thousand two hundred and thirty-fourth
314 a) three fourths
b) three quarters
21, twoand a half
1253, a (one) hundred and twenty-five and three-fourths

Hecsatuunbie npoou (Decimal Fractions)

B necatudHbIX ApOOSX IENI0€ YHUCIO OTAETSETCS OT IPOOM TOYKOM,
HaseiBaeMoi point. Kaxxmas mudpa unraercs oTaenbHo. «Homb HMembx»
MOXKET COBCEM HE CTAaBUTBHCA M HE YUTATHCA WJIHN YUTATBCA OJHUM U3
creAyromux crnocobos: 0, nought, zero.

0.1 1) o point one 0.25 1) nought point two five
.1 2) nought point one .25 2) point two five
3) zero point one
4) point one
0.01 1) o point o one 2.35 two point three five

.01 2) nought point nought one  45.67 forty five point six seven
3) zero point zero one
4) point nought one
5) point zero one
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OTIIe.]'[I)HbIe 3HAKH, BBIPAKCHUSA

plus d?
minus

plus or minus

multiplied by; times by v
divided by 7
equals; is equal to b’
per cent b”
zero degrees Centigrade (Celsius) ¢,
thirty-two degrees Fahrenheit C,
1) ten seconds Ch
2) ten inches w

the square root of a

1) d squared

2) d to the second
power

3) the square of d

z to the tenth power
z to the minus tenth
power

b prime

b double prime

c first

¢ second

¢ n-th

watt to the minus first
power
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